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Abstract

Purpose—We examined overall survival in a large cohort of patients with human papillomavirus 

(HPV)-positive and HPV-negative non-oropharyngeal squamous cell carcinoma of the head and 

neck (non-OPSCC).

Methods—Patients diagnosed with non-OPSCC and known HPV status were identified in the 

National Cancer Database (NCDB). Multivariate logistic regression was applied to examine 

factors associated with HPV status. Multivariate analysis was utilized to determine factors 

correlated with overall survival. Propensity score-weighted Kaplan-Meier estimation was used to 

adjust for confounders in survival analyses. Multiple imputation method was used for sensitivity 

analysis.

Results—We identified 19,993 non-OPSCC patients with 5070 being positive for HPV in the 

NCDB. Median follow-up was 23.5 months. HPV-positive patients were more commonly male, 

white, with a lower comorbidity index score, presenting with T-stage <2, and N-stage ≥1. 

Unadjusted 3-year overall survival was 62% and 80% for HPV-negative and HPV-positive patients, 
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respectively (p < 0.0001). On multivariate analysis, mortality was reduced for HPV-positive 

patients with early stage (HR = 0.68) and locally advanced disease (HR = 0.46). Adjusted 3-year 

overall survival was 65% for HPV-negative and 76% for HPV-positive patients (p < 0.0001). The 

survival advantage of HPV was maintained in all subsites and robust on sensitivity analysis.

Conclusions—Patients with HPV-positive non-OPSCC exhibit similar characteristics as HPV-

positive OPSCC. Overall survival was significantly higher for patients with HPV-positive versus 

HPV-negative non-OPSCC. These data reveal that HPV-positive non-OPSCC represent a favorable 

cohort that warrants recognition in the design of future clinical trial investigation.

Keywords

Head and neck cancer; Survival outcomes; Human papillomavirus; Non-oropharyngeal; Squamous 
cell carcinoma

Introduction

Head and neck squamous cell carcinoma represents a spectrum of tumors arising from the 

oral cavity, pharynx, larynx, and sinuses. Established risk factors including tobacco and 

alcohol are associated with all subsites, while detection of human papillomavirus (HPV) is 

predominantly an attendant finding of oropharyngeal squamous cell carcinoma (OPSCC) 

(Maier et al. 1992; Gillison et al. 2008). The prevalence of HPV-positive OPSCC has 

increased over the past 3 decades and now approaches 70% (Chaturvedi et al. 2011). The 

salient clinical difference between HPV-positive and HPV-negative OPSCC is prognosis. 

Indeed, HPV-positivity confers a reduction in death by at least one-half (Licitra et al. 2006; 

Rischin et al. 2010; Gillison et al. 2012; Kumar et al. 2016). Clinically, the favorable 

prognosis has led to the development of numerous prospective clinical trials evaluating de-

escalation of therapy (Mirghani et al. 2015). Conversely, cooperative oncology groups and 

institutional studies are evaluating the impact of treatment intensification for patients with 

HPV-negative tumors given their poor outcomes. Thus, identifying subsets of head and neck 

patients with either favorable or unfavorable prognosis has enabled prospective evaluation of 

risk-adapted therapies.

The prognostic implication of HPV infection and detection of its surrogate marker p16 in 

non-nasopharyngeal, non-OPSCC head and neck subsites is controversial. Concordance 

between HPV DNA and overexpression of p16 is not as robust in non-OPSCC subsites as in 

OPSCC, and has resulted in disparate reports on the incidence of HPV and p16 positivity in 

these subsites (Harris et al. 2011; Chung et al. 2014). Despite inconsistency, ranges of 

HPV/p16 detection approximate 10–30% with some variability across subsites (Clayman et 

al. 1994; Harris et al. 2011; Isayeva et al. 2012; Chung et al. 2014; Lassen et al. 2014; 

Shaughnessy et al. 2014). Cooperative group studies, single institution series, and 

epidemiologic analyses have reported both favorable (Harris et al. 2011; Chung et al. 2014; 

Shaughnessy et al. 2014) and unfavorable (Clayman et al. 1994; Lassen et al. 2014; D’Souza 

et al. 2016) prognostic implications of HPV/p16 detection in non-OPSCC. Reasons 

underlying these disparate outcomes are unclear. Here, we reviewed the National Cancer 

Database to examine much larger patient cohorts enabling statistical adjustments for 

Ko et al. Page 2

J Cancer Res Clin Oncol. Author manuscript; available in PMC 2020 March 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



confounders in comparing overall survival of patients with HPV-positive and HPV-negative 

non-OPSCC.

Methods

Data source and patient selection

We performed a retrospective, observational, cohort study using the National Cancer 

Database (NCDB) for all patients with non-OPSCC between 2004 and 2012 (American 

College of Surgeons Commission on Cancer, American Cancer Society, National Cancer 

Data Base 2014). Overall survival is the only available outcome data. Patients who were 

designated as “HPV-positive” included those coded as non-16-non-18 high-risk HPV, 

HPV-16 only, HPV-18 only, and HPV-16 and −18 (CS_SITESPECIFIC_FACTOR_10 = 020, 

030, 040, and 050). “HPV-negative” patients included those coded in the NCDB as 

CS_SITESPECIFIC_FAC-TOR_10 = 000. We excluded low-risk HPV-positive, high-risk 

HPV-positive not otherwise specified, HPV-positive not otherwise specified, and those that 

were not tested for HPV (CS_SITESPECIFIC_FACTOR_10 = 010, 060, 070, 998, 997, 998, 

and 999). Patients with oral cavity primary tumors managed with definitive radiotherapy 

approaches were excluded to reduce the possible contamination of patients with 

oropharyngeal cancers into the oral cavity cohorts.

Statistical analysis

The primary endpoint was overall survival (OS) defined as the date of diagnosis to date of 

death. All baseline demographics and patient characteristics were analyzed by Pearson chi-

square tests except for age and tumor size, which were analyzed with Wilcoxon signed-rank 

test. Multivariate logistic regression with stepwise variable selection was applied to patient 

and tumor characteristics to examine factors associated with a positive HPV status.

Kaplan-Meier method was used to compare survival outcomes between HPV-positive and 

HPV-negative groups. Univariate survival analysis and multivariate analysis were performed 

with Cox proportional hazards models using OS as outcomes. Factors found to be significant 

in univariate analysis were included and selected by stepwise selection in multivariate 

analysis.

To account for confounding and covariate imbalances between HPV-positive and HPV-

negative groups, we used propensity score-weighted Kaplan-Meier estimation with inverse 

probability of treatment-weighting (IPTW), where the probability of HPV-positive status 

(the propensity score) was estimated using multivariate logistic regression. Propensity score 

model used covariates found to be significant in multivariate survival analysis, including 

age, Charlson/Deyo comorbidity score, insurance, tumor size, treatments, head and neck 

subsites, overall stage, T-stage, and N-stage. Note that HPV is not an “intervention” in the 

conventional sense of causal inference, since it is not able to be manipulated. The propensity 

score here is a tool to balance the covariate distribution between groups for studies with 

either causal or non-causal purposes (Li et al. 2013). We evaluated the distribution of 

propensity scores for each HPV group and confirmed sufficient overlap in the distributions. 

We then grouped patients into quintiles according to their estimated propensity scores and 
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used the Cochrane-Mantele-Haenszel test to verify that covariates were balanced across all 

strata.

Above analyses were limited to patients with known HPV status, and additional sensitivity 

analyses were performed prior to removing patients with unknown HPV status. For 

unknown HPV status, we used the multiple imputation method based on missing at random 

(MAR) assumption (Rubin 1987). All analyses were performed using SAS 9.4 (SAS 

Institute Inc., Cary, NC, USA). All p values were two-sided, and a p ≤ 0.05 was considered 

statistically significant.

Results

We identified 19,993 non-OPSCC patients with 5070 positive for HPV in the National 

Cancer Database (NCDB) treated definitively from 2004 to 2012. Baseline patient 

demographics and disease characteristics are listed in Table 1. Significant factors associated 

with HPV-positive non-OPSCC disease include male sex, white race, private insurance, 

income ≥$48,000, treatment at a high-volume center, lower comorbidity index score, oral 

cavity primary, tumor size, T-stage <2, and lymph node positive disease (Supplemental Table 

1).

Outcomes analyses

Median follow-up for the entire cohort was 23.5 months. Three-year unadjusted survival 

rates for HPV-negative and HPV-positive non-OPSCC patients were 62 and 80%, 

respectively (p < 0.0001) (Table 3). IPTW-adjusted survival rates for the same cohorts were 

65 and 76%, respectively (Table 3). Unadjusted and IPTW-adjusted Kaplan-Meier survival 

curves are shown in Fig. 1a, b.

Patients were analyzed by disease site and stage: early (I and II) and locally advanced (III-

IVB). Median follow-up for early stage patients was 24.3 and 23.1 months for locally 

advanced. Unadjusted and adjusted 3-year overall survival for early stage and locally 

advanced disease by primary tumor site is shown in Table 2. As there were limited numbers 

of early stage hypopharynx patients, both early stage and locally advanced patients were 

grouped together. Unadjusted Kaplan-Meier survival curves for early stage and locally 

advanced non-OPSCC patients by subsite are shown in Fig. 2a–e.

Factors associated with overall survival

Univariate and multivariate analyses for overall survival of patients with HPV-negative and 

HPV-positive non-OPSCC were performed for both early stage and locally advanced 

disease. For early stage (HR = 0.68; 95% CI 0.51–0.92) and late stage (HR = 0.46; 95% CI 

0.39–0.53) patients, only HPV-positive status was associated with improved overall survival. 

Factors associated with worse survival are shown in Tables 3 and 4.

Sensitivity analyses for overall survival for early stage and locally advanced patients were 

performed to assess the impact of unknown HPV status of patients identified in the original 

cohort. HPV-positive status maintained a significant association with improved survival for 
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early stage (HR = 0.71; 95% CI 0.55–0.92) and locally advanced patients (HR = 0.46; 95% 

CI 0.39–0.53) (Supplemental Tables 2 and 3).

Discussion

Here, we present the largest series evaluating HPV status in non-OPSCC. We evaluated 

14,923 HPV-negative and 5070 HPV-positive non-OPSCC cases, and demonstrate improved 

overall survival for those with HPV association. These findings were consistent across oral 

cavity, hypopharynx, and larynx subsites. Improved outcomes were independent of clinical 

risk groupings, although the magnitude of difference was more pronounced in patients with 

locally advanced compared to early stage disease. Indeed, the reduction in death in the non-

OPSCC associated with HPV was very similar to that ascribed to patients with HPV-positive 

OPSCC (Licitra et al. 2006; Rischin et al. 2010; Gillison et al. 2012; Kumar et al. 2016).

There are well-recognized epidemiologic differences between patients with HPV-positive 

and HPV-negative OPSCC. Notably, patients with HPV-positive OPSCC tend to be healthier, 

harbor more extensive adenopathy, and present with small primary tumors (Ang et al. 2010; 

Dahlstrom et al. 2013). We report comparable findings for HPV-positive non-OPSCC 

including an association with less patient comorbidities, lower T-stage, and higher nodal 

burden compared to HPV-negative patients. Taken together, these data demonstrate that the 

patient and disease characteristics of HPV-positive OPSCC and non-OPSCC are similar and 

suggest a related disease process.

Our data support an increasing body of evidence regarding the favorable prognostic 

implications of HPV status for non-OPSCC. A combined analysis of three cooperative 

oncology group trials reported that p16 expression was associated with improved 

progression-free survival and OS in this patient population (Chung et al. 2014). In a single 

institution study evaluating oral cavity SCC, p16 was shown to be a favorable prognostic 

factor correlating with improved relapse-free survival and OS (Harris et al. 2011). In a 

separate smaller study, patients with either HPV/p16 positive laryngeal or hypopharyngeal 

SCC treated with definitive therapy exhibited 2-year disease-free survival (DFS) and local 

recurrence-free survival (LRFS) of 100% in stark contrast to HPV/p16 negative patients who 

had 2-year DFS and LRFS rates of 68 and 72%, respectively (Shaughnessy et al. 2014). 

Another more recent series demonstrated that patients with HPV16 DNA-positive p16-

overexpressing hypopharyngeal cancer exhibited better clinical outcome compared with 

those with HPV-negative cancer (Sivars et al. 2016).

The reason for the favorable prognosis identified for non-OPSCC HPV-positive patients in 

the current study is not entirely clear. Patients with HPV-positive disease had lower 

comorbidity index scores. Although we matched for comorbidity index scores, the range and 

granularity of comorbidity data in the NCDB is limited to a truncated Charlson/Deyo 

comorbidity index listing 0, 1, or 2. The extent of performance status as well as severity of 

illness unrelated to the cancer diagnosis is muted as a result. In a clinical context, this 

information would likely play a larger role in oncologic management.
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Oral cavity primary tumors comprised 84.5% of patients in the HPV-positive group, whereas 

in the HPV-negative group, they accounted for only 57% of cases. One possibility is that 

patients underwent HPV analysis in an attempt to determine primary tumor origin given the 

proximity of the oral cavity to the oropharynx. It is possible that the improved survival in the 

oral cavity population that was HPV-positive may indicate that some were actually 

oropharyngeal primaries, which are known to exhibit favorable outcomes (Ang et al. 2010). 

In an attempt to control for this possible confounder, we evaluated only oral cavity primaries 

that underwent primary surgery with or without adjuvant treatment as this is standard of care 

for this patient cohort and excluded those that received a primary radiotherapy approach as 

this is a more standard approach for oropharyngeal tumors. In support of our clinical 

findings, however, Harris et al. reported a similar estimated 5-year OS rate of 80% for 

patients with p16 positive oral cavity primaries, while others have demonstrated an 

association with well-differentiated tumors that exhibit low recurrence rates (Elango et al. 

2011; Harris et al. 2011). Furthermore, the 30% HPV-positive rate of oral cavity patients is 

well within the reported range (Sugiyama et al. 2003; Smith et al. 2004). Though attempts to 

control for oropharyngeal contamination in the oral cavity cohorts were made and published 

data exist in support of our reported outcomes, caution needs to be taken regarding our 

findings given the retrospective nature of the study and limited ability to confirm the primary 

tumor location.

Despite our data and others demonstrating improved outcomes for HPV-positive non-

OPSCC, studies exist to the contrary. For example, investigators using the DAHANCA 

database compared clinical outcomes of patients with advanced p16 and non-p16 expressing 

laryngeal and hypopharyngeal tumors and were not able to identity an outcome advantage 

for patients with p16-positive disease (Lassen et al. 2011). Furthermore, attention needs to 

be focused on a recently published pooled analysis from two academic treatment centers, 

which confirmed the favorable prognosis of HPV status in oropharynx cancers and refuted 

any survival advantage for patients with larynx, oral cavity, or nasopharynx cancers (Fakhry 

et al. 2017). There were major differences in the demographics between the HPV-positive 

patient cohorts between this study and the aforementioned which may have contributed to 

the differences in outcomes that need to be considered. Specifically, median age, sex, race, 

inclusion of nasopharynx patients, and rate of HPV-positivity in the oral cavity cohorts were 

different between the different study cohorts.

Limitations of the current study are inherent to the data available in the NCDB. Routine 

HPV testing in non-OPSCC is not standard of care, as such; selection bias must exist in the 

data set. Therefore, factors driving the decision to test for HPV status may be contributing to 

the improved outcomes of the HPV-positive non-OPSCC cohort. Another limitation is the 

lack of additional outcomes data. It is known that HPV-positive OPSCC exhibit improved 

outcomes following development of progressive disease (Fakhry et al. 2014). Further 

investigation is, therefore, warranted in the HPV-positive non-OPSCC cohort to evaluate if 

similar trends may explain the current improvement of their outcomes. A significant 

limitation is the lack of tobacco use data. It is well established that smoking reduces the 

favorable prognosis associated with HPV status in OPSCC. Whether or not this holds true in 

non-OPSCC is unclear.
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We identified improved survival outcomes for patients with HPV-positive versus HPV-

negative disease that parallels the improved survival of patients with HPV-positive OPSCC. 

This finding provides further rationale for HPV testing of non-OPSCC head and neck cancer 

patients, and suggests the value of including HPV status as a stratifying variable in the 

design of clinical trials for head and neck cancer patients beyond OPSCC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
a Unadjusted and b IPTW-adjusted Kaplan–Meier overall survival curves for all HPV-

negative and HPV-positive non-OPSCC
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Fig. 2. 
Unadjusted Kaplan-Meier overall survival curves for HPV-negative and HPV-positive early 

stage and locally advanced oral cavity (a, b), larynx (c, d), and combined early stage and 

locally advanced hypopharynx (e)
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