
ORIGINAL PAPER

Human Papillomavirus-Associated Head and Neck
Squamous Cell Carcinoma Survival: A Comparison
by Tumor Site and Initial Treatment

Christian R. Salazar • Richard V. Smith • Madhur K. Garg • Missak Haigentz Jr. •

Bradley A. Schiff • Nicole Kawachi • Nicole Anayannis • Thomas J. Belbin •

Michael B. Prystowsky • Robert D. Burk • Nicolas F. Schlecht

Received: 18 July 2013 / Accepted: 17 August 2013 / Published online: 4 September 2013

� Springer Science+Business Media New York 2013

Abstract Recent evidence suggests that human papillo-

mavirus (HPV)-positive head and neck squamous cell

carcinoma (HNSCC) patients have better survival than

HPV-negative patients. However, it is unclear if similar

patterns for survival exist across different tumor sites, and

whether HPV-associated prognosis is modified by type of

treatment. We prospectively tested 222 histologically

confirmed HNSCC primary tumors for HPV DNA by PCR

and HPV E6/E7 RNA by RT-PCR prior to treatment at a

large urban health center. Cox proportional hazard ratio

models were constructed to assess HPV-associated dif-

ferences in overall and disease-specific survival adjusting

for clinical and demographic covariates. HPV detection

varied significantly by primary HNSCC tumor site, from

35 % for oropharynx, to 25 % for hypopharynx, 5 % for

larynx, and 3 % for oral cavity (p \ 0.0001), with HPV16

accounting for the majority (95 %) of HPV-positive

tumors. The hazard-risk of overall and disease-specific

death comparing HPV16-positive versus negative oro-

pharyngeal HNSCC was reduced by 74 and 89 %,

respectively (p values \ 0.05), and was independent of

other prognostic indicators; no statistically significant

changes in outcomes were observed for non-oropharyn-

geal HNSCC sites. Prediction of overall survival was

better with combined DNA and RNA HPV16 positive

PCR detection. There was no difference in HPV16-asso-

ciated survival whether patients received either surgery or

(chemo)radiotherapy as their initial treatment modality.

Improved HPV-associated HNSCC survival is limited to
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patients with oropharyngeal primaries. No selective

treatment advantage is observed for HPV-positive tumors,

although clinical trials are needed to evaluate which

treatment modalities provide the most benefit for HPV-

positive HNSCC.

Keywords Human papillomavirus � Head and neck

neoplasms � Radiotherapy � Chemotherapy � Surgery

Introduction

Cancers of the head and neck constitute an anatomically

heterogeneous group arising most often from the oral

cavity, oropharynx, hypopharynx, and larynx. Human

papillomavirus (HPV)-positive head and neck squamous

cell carcinoma (HNSCC) is increasingly recognized as a

distinct disease associated with improved survival and

response to therapy [1–4]. HPV DNA detected in these

tumors (predominantly HPV type 16, the most common

high-risk type also found in cervical cancer) is frequently

integrated and transcriptionally active, with the majority

expressing viral oncoproteins E6 and E7 [5, 6]. In com-

parison to HPV16-negative tumors, HPV16-positive

HNSCCs are more likely to be located within the oro-

pharynx, exhibit non-keratinizing morphology and are

diagnosed at advanced stage.

Although significant reductions in the risk of overall

death and disease progression have been observed for

HPV16-positive tumors [7] much of the evidence sup-

porting a prognostic role of HPV to date has focused on

oropharyngeal primaries, where HPV DNA is most com-

monly found [4]. Few studies have reported an association

between HPV and HNSCC of the larynx [8, 9] and other

subsites [7]. Methods for testing tumor tissue for HPV are

not standardized [10] and, moreover, there is little con-

sensus on optimal treatment for HPV-associated HNSCC.

Recent studies have suggested favorable outcomes for

HPV-positive HNSCC after surgery [11], radiation therapy

[12], and chemoradiation regimens [13, 14].

In the present study, we sought to: (1) examine whe-

ther HPV detection in general and HPV16 specifically is

associated with improved survival outcomes for patients

with oropharyngeal and non-oropharyngeal HNSCC, (2)

examine whether the association with survival is similar

for HPV DNA and RNA detection, and (3) explore

whether HPV-associated survival differs by type of initial

therapy, where choice of therapy was based on tumor

stage and other clinical characteristics, and not HPV

status.

Materials and Methods

Study Population

The study cohort consisted of 225 prospectively enrolled

patients with 230 total primary HNSCC (5 patients with

multiple primaries). Of the 230 primary tumors, 222 were

treated at Montefiore Medical Center (MMC) since 2002

(217 patients). Following histologic confirmation, stage

was determined based on the American Joint Committee on

Cancer classification (6th Edition), and detailed clinical

and pathologic data, including information on smoking

history and alcohol consumption, were collected by med-

ical interview. Institutional Review Boards at MMC and

the Albert Einstein College of Medicine approved the study

protocol and all patients provided written informed

consent.

Tumor samples and tissues were collected by surgical

resection or biopsy prior to therapy, and snap frozen in

liquid nitrogen immediately. Frozen tissue was screened by

the attending pathologist for the presence of tumor cells

and the remaining tumor tissue homogenized prior to DNA

and RNA extraction.

HPV DNA Detection and Genotyping by PCR

Genomic DNA was isolated using the DNEasyTissue Kit

(Qiagen; Valencia, CA). Presence of HPV-DNA was

assessed using MY09/MY11/HMB01-PCR system with

Gold AmpliTaq that amplifies a conserved 450 base-pair

segment in the L1-sequence of HPV [15], plus nested-PCR

using primers specific for the HPV16-E6 gene and the

upstream regulatory region [16]. Samples testing positive

by consensus PCR were further genotyped using biotinyl-

ated oligonucleotide probes for 55 HPV types that include

HPV16 and 12 established high-risk (oncogenic) types [17]

and other low-risk types [15]. A complete set of controls

was included to verify the specificity of the hybridizations.

The integrity of specimen DNA was verified by amplifi-

cation of a fragment of the ß-globin gene. In addition,

HPV-positive and negative control samples were included

in each PCR using DNA from a cervical carcinoma cell-

line (SiHa) with two copies of HPV16 per cell [18] and a

HPV-negative cell line HepG2.
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HPV16 E6 and E7 mRNA Detection

We also tested for HPV16 RNA expression by reverse

transcription PCR (RT-PCR). Total RNA was extracted

from the same or matched frozen tumors samples in TRIzol

by standard protocol (Invitrogen; Carlsbad, CA). RNA

extractions were tested for HPV16 transcripts using oli-

gonucleotide primers that span the 204 to 525 base-pair

regions of the E6 and E7 oncogenes [19, 20]. The primers

were designed to amplify full-length HPV16-E6 mRNA

and its splice variant. HPV16-E7 primers were designed

based on sequence NC_001526 (complete genome) using

the web-based Primer3 design program (available at

http://frodo.wi.mit.edu/primer3). GAPDH primers were

included in each assay as an RNA control; designed based

on sequence AY340484 (Homo sapiens glyceraldehyde-3-

phosphate dehydrogenase gene, complete cds). HPV16

RNA-positive tumors were defined as those that expressed

either E6 or E7 transcripts, and RNA-negative if they

only expressed GAPDH. Preliminary review of 15 dis-

cordant samples by HPV16 DNA and RNA detection

suggested potential contamination during homogenization

of tissue. To address this, RNA and DNA were co-

extracted from 11 to 15 formalin-fixed paraffin-embedded

tissue blocks of potentially contaminated samples and

retested using real-time PCR and coded based on the

retest results. Further sensitivity analyses excluding these

samples or assigning them HPV16 negative did not

appreciably change the main effect estimates in the cur-

rent study.

Follow-up and Ascertainment of Clinical Outcome

Participating patients were followed prospectively for up to

113 months (median followup = 60 months) from time of

diagnosis. Detailed treatment information (on primary

surgery, radiation and chemotherapy), and evidence of

disease following treatment, ascertained by clinical exam,

PET/CT imaging and pathological evaluation, was col-

lected for all patients. Overall survival was defined as time

from diagnosis (in months) to death from all causes. Dis-

ease-specific survival was defined as the time to death from

disease, and locoregional recurrence as the time to either

local or regional recurrence of disease. These endpoints

were selected as having widespread acceptance and rele-

vance for HNSCC [21].

Statistical Analyses

We restricted the analysis to primary tumors that included

invasive HNSCC of the oropharynx (base of tongue, tonsil,

soft palate, oropharyngeal wall, uvula and oropharynx-not

otherwise specified [NOS]), hypopharynx (posterior pha-

ryngeal wall, pyriform sinus and hypopharynx-NOS), lar-

ynx (glottis, supraglottis-aryepiglottic fold, supraglottis-

false vocal cord, supraglottis-arytenoid, supraglottis-epi-

glottis, supraglottis-NOS and larynx-NOS), and oral cavity

(buccal, alveolar ridge, anterior tongue, floor of mouth,

hard palate, inner lip mucosa and retromolar trigone).

Tumors were also grouped into oropharyngeal and non-

oropharyngeal cancers; subgroup analyses showed similar

adjusted survival for non-oropharyngeal sites considered

HPV16 positive, which provided a basis for categorization.

HPV16 DNA and RNA positive tumors were also grouped

together for purpose of analysis. Under this combined

definition, tumors were classified as HPV16 negative if

they were negative for either DNA or RNA.

Differences in HPV16 detection prevalence by clinical

and demographic characteristics were examined by contin-

gency tables and non-parametric tests. To evaluate associa-

tions between HPV16 detection with survival, we generated

Kaplan–Meier plots and constructed Cox proportional haz-

ards regression models adjusting for strong prognostic

indicators and confounders. Confounding factors were

identified using a change in point estimate criterion [22], and

were subsequently controlled for in the multivariable

regression models. The potential for confounding was

examined for all socio-demographic and clinical indicators:

age, gender, race, ethnicity, smoking history (including

comparisons: never versus ever, former and by pack-years),

alcohol consumption, tumor anatomic site, tumor stage,

primary treatment modality, method of specimen procure-

ment (biopsy vs. surgical or laser resection), eastern coop-

erative oncology group (ECOG) performance status [23],

and tumor location (bilateral vs. unilateral). Additionally, we

tested for multi-collinearity between model variables by

examining inter-correlations between independent covari-

ates using variance inflation factors and tolerance values

[24]. Proportional hazards assumptions were confirmed by

inspection of adjusted log [-log (survival)] curves and

examination of time-dependent covariates [25]. Time-

dependent covariates were stratified in multivariable models.

To evaluate differences in HPV16 survival between

tumor sites, we tested for effect modification by fitting the

multivariable models with the cross-product term of

HPV16 and tumor site (oropharynx/non-oropharynx).

Inference was based on the Wald v2 test statistic for two-

way interaction. To assess whether the association between

HPV infection and survival differed by primary treatment

modality, we constructed separate stratified models by

initial treatment based upon intent to treat, comparing:

(a) HPV16 by primary surgery with and without adjuvant

therapy and (b) HPV16 by primary nonsurgical therapy,

defined as either primary radiotherapy or chemoradiother-

apy with or without salvage neck dissection. Each
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treatment-stratified model was further adjusted for the

cross-product term of HPV16 and tumor site to test for

effect modification by tumor site. HPV status was not taken

into account for treatment decisions, and all patients were

prospectively discussed at a multidisciplinary tumor con-

ference. Statistical analyses were conducted with the SAS

9.2 statistical software package (Cary, NC), and all tests

were two-sided.

Results

Two hundred seventeen (217) patients contributed 222

primary HNSCC tumor samples for analysis; of these, 176

samples had sufficient genetic material for HPV DNA detec-

tion and 203 for HPV16 RNA detection by PCR. Patients were

largely White (62.2 %), non-Hispanic (68.9 %), male

(72.9 %), and aged 62 ± 12 years (mean ± standard devia-

tion). Fifty-one (27.9 %) tumors tested positive for any HPV

DNA type. Of these, seven different HPV types were identi-

fied, three of which were high-risk types (HPV16: 83 %;

HPV33: 2 %; HPV35: 2 %). HPV33 and 35 were found

exclusively in the oropharynx (HPV33 in the base of tongue

and HPV35 in the tonsil). Low-risk types detected included

HPV-32/42, 53, 72, and other uncharacterized HPV types,

i.e., PCR positive, type unknown, amounting to a combined

prevalence of 11.5 %. HPV type co-infections were observed

in one sample positive for both HPV16 and 72.

Given HPV16 was detected in the vast majority (96 %,

N = 43) of high-risk HPV-positive cases by MY09/MY11/

HMB01-PCR, we assessed clinical associations in relation to

HPV16 DNA and RNA status. HPV16 E6/E7-RNA expres-

sion was detected in 31 % of tumors tested (N = 63/203).

Overlap between HPV16 DNA and RNA detection, assessed

in 162 tumors, was substantial (kappa statistic for agree-

ment = 0.67, 95 % confidence interval [CI] 0.55–0.80).

Using the combined definition for HPV16 status previously

described, a total of 32 HPV16-positive and 176 HPV16-

negative cases were identified, for a total of 208 HNSCC with

HPV DNA and RNA results.

Overall, HPV16 prevalence using our combined definition

varied significantly by anatomic site with a higher prevalence

observed in the oropharynx (35 %) as compared to the

hypopharynx (29 %), larynx (5 %) and oral cavity (3 %;

p \ 0.0001). Overall, a majority of patients were current or

former smokers (85 %), with a mean of 52 pack-years of

smoking (standard deviation = 37; range = 0.20–245). In

the oropharynx, HPV16-positive patients were more likely to

be never smokers or never drinkers, and present with a higher

nodal stage than HPV16-negative cases (Table 1). Moreover,

the average number of pack-years of smoking was signifi-

cantly lower in HPV16-positive as compared to negative

patients with oropharyngeal tumors (36 vs. 62; p \ 0.01). In

the non-oropharynx, HPV16 was more likely to be detected in

the hypopharynx (p = 0.01) and HPV16-positive patients

were largely never/former smokers.

Kaplan–Meier plots showed markedly improved overall

survival for HPV16-positive versus negative oropharyngeal

cases (Log-rank p = 0.03; Fig. 1). In contrast, there were no

differences in overall survival when non-oropharyngeal cases

were considered. We observed similar differences with dis-

ease-specific survival, particularly among those who were

either non-smokers or non-drinkers (Fig. 2). Further restric-

tion of Kaplan–Meier plots to Hispanic patients demonstrated

better HPV16-associated overall and disease-specific survival

as well as time to locoregional recurrence, although not

reaching statistical significance (data not shown).

Using our combined definition for HPV16 detection, there

were significant differences in overall survival by tumor site

(oropharynx vs. non-oropharynx; p for interaction = 0.04).

After adjustment for strong prognostic indicators (age, tumor

stage, nodal status and primary treatment), potential con-

founders (sex, tumor size, smoking and drinking), and an

interaction term (HPV*tumor site), HPV16-positive oropha-

ryngeal cases exhibited a significantly lower hazard-risk of

overall death compared to HPV16-negative oropharyngeal

cases, irrespective of method for HPV16 detection (Table 2).

Hazard ratios were even stronger when disease-specific sur-

vival was considered. Additionally, we observed a lower,

albeit non-significant, hazard-risk of locoregional recurrence

(by 50 %) after 90 months of follow-up, comparing HPV16

positive with negative oropharyngeal tumors (p = 0.40; data

not shown). These protective effects were attenuated for non-

oropharyngeal cancers.

When we examined which subsites within and proximal

to the oropharynx exhibited the strongest survival effects,

patients with HPV16-positive tonsillar (n = 26) and base

of tongue tumors (n = 23) had better overall survival than

those with HPV16-negative tumors (log-rank p = 0.18 for

Wald test; Supplemental Fig.1). After adjustment for nodal

stage, primary treatment, and primary tumor number, the

hazard-risk of dying was reduced by 48 % among those

with HPV16-positive versus negative tumors (HR = 0.52,

95 % CI 0.15–1.77). No significant improvement in overall

survival was observed for hypopharyngeal or supraglottic

tumors; however, there were no deaths observed in patients

with HPV16-positive supraglottic tumors over an 80-month

follow-up period.

Lastly, to evaluate whether HPV16 modified the effect of

treatment on overall survival, we first examined Kaplan–

Meier plots stratified by primary treatment modality in the

oropharynx: (a) surgery (with or without adjuvant radio-

therapy or chemoradiotherapy), and (b) non-surgical ther-

apy with radiation alone or combined with chemotherapy,

based upon primary treatment. While not significant,

HPV16 detection was associated with improved overall
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Table 1 Study population characteristics stratified by HPV16 statusa and anatomical site in the overall population

Oropharynx (N = 65) Non-oropharynx (N = 143)

HPV16

Negative

N = 42

HPV16

Positive

N = 23

p valueb HPV16

Negative

N = 134

HPV16

Positive

N = 9

p valueb

Patient Demographics

Age at diagnosis in years

Mean (standard deviation) 64 (10) 59 (8) 0.18 62 (13) 68 (14) 0.59

Range 42–84 40–76 22–89 51–91

Sex, n (%)

Men 34 (81 %) 16 (70 %) 0.36 92 (69 %) 7 (78 %) 0.72

Women 8 (19 %) 7 (30 %) 42 (31 %) 2 (22 %)

Racec, n (%)

White/Asian 23 (61 %) 14 (64 %) 1.00 87 (73 %) 8 (89 %) 0.44

Black/African American 15 (39 %) 8 (36 %) 33 (28 %) 1 (11 %)

Ethnicityc, n (%)

Non-ispanic 34 (83 %) 15 (69 %) 0.21 90 (70 %) 7 (78 %) 1.00

Hispanic 7 (17 %) 7 (32 %) 38 (30 %) 2 (22 %)

Smoking statusd, n (%)

Current smoker 20 (48 %) 7 (30 %) 0.14d 53 (40 %) 1 (11 %) 0.04d

Former smoker 17 (40 %) 11 (48 %) 62 (46 %) 5 (56 %)

Never smoker 5 (12 %) 5 (22 %) 19 (14 %) 3 (33 %)

Drinking statusd, n (%)

Current drinker 19 (45 %) 7 (30 %) 0.08d 34 (25 %) 1 (11 %) 0.24d

Former Drinker 7 (17 %) 1 (4 %) 22 (16 %) 1 (11 %)

Never Drinker 16 (38 %) 15 (65 %) 78 (58 %) 7 (78 %)

Clinical characteristics

Anatomical sitee, n (%)

Oropharynx 42 (100 %) 23 (100 %) – –

Oral Cavity – – 65 (49 %) 2 (22 %) 0.01

Larynx – – 59 (44 %) 3 (33 %)

Hypopharynx – – 10 (7 %) 4 (44 %)

Overall stage, n (%)

I–II 13 (31 %) 5 (22 %) 0.57 32 (24 %) 0 (0 %) 0.21

III–IV 29 (69 %) 18 (78 %) 102 (76 %) 9 (100 %)

Nodal stage n (%)

N0–N1 22 (52 %) 7 (30 %) 0.12 83 (62 %) 6 (67 %) 1.00

N2–N3 20 (48 %) 16 (70 %) 51 (38 %) 3 (33 %)

Tumor size n (%)

T1–T2 26 (62 %) 17 (74 %) 0.42 60 (45 %) 2 (22 %) 0.30

T3–T4 16 (38 %) 6 (26 %) 74 (55 %) 7 (78 %)

Primary tumor site no., n (%)

1st 35 (83 %) 22 (96 %) 0.24 117 (87 %) 8 (89 %) 1.00

2nd–4th 7 (17 %) 1 (4 %) 17 (13 %) 1 (11 %)

ECOG performance statusc, n (%)

0–1 22 (71 %) 19 (90 %) 0.17 72 (66 %) 6 (67 %) 1.00

C 2 9 (29 %) 2 (10 %) 37 (34 %) 3 (33 %)
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survival in patients receiving either surgical or non-surgical

therapy as their primary treatment (Fig. 3). Similar non-

significant associations were observed after adjustment for

nodal stage, smoking and drinking (data not shown). No

statistically significant differences were observed for HPV-

associated survival by treatment modality in multivariable

models (p for interaction = 0.81). While some patients

required salvage surgery following therapy or received

adjuvant therapy following surgery, a subset received con-

comitant therapy with surgery as part of a planned treatment

regimen designated at diagnosis. Restricting observations to

these 29 patients did not reveal substantively different HPV-

associated survival estimates (data not shown).

Discussion

Conventional treatment for HNSCC involves multidisci-

plinary interventions with initial treatment choice dependent

upon disease location, extent of the primary tumor, and

presence of metastatic disease, as well as patient combor-

bidities, expected functional outcomes of therapy and patient

Table 1 continued

Oropharynx (N = 65) Non-oropharynx (N = 143)

HPV16

Negative

N = 42

HPV16

Positive

N = 23

p valueb HPV16

Negative

N = 134

HPV16

Positive

N = 9

p valueb

Initial treatment, n (%)

Surgical 16 (38 %) 11 (48 %) 0.60 88 (66 %) 6 (67 %) 1.00

Non-surgicalf 26 (62 %) 12 (52 %) 46 (34 %) 3 (33 %)

a HPV16 tumors were detected positive by both HPV DNA PCR and oncogenic expression of E6/E7 by RNA RTPCR (combined definition)
b P-value for 2-sided fisher exact test
c Row numbers may not sum to column totals due to missing data
d Smoking status was defined as never smoked, ex-smoker (at time of diagnosis), and current smoker. Drinking status was defined as never drank

alcohol regularly for more than 1 year, former or current drinker (at time of diagnosis). p values for two-sided Cochrane-Armitage trend test
e Oropharynx includes base of tongue, tonsil, soft palate, oropharyngeal wall, uvula, and oropharynx-NOS. Hypopharynx includes: posterior

pharyngeal wall, pyriform sinus, and hypopharynx-NOS. Larynx includes: glottis, supraglottis-aryepiglottic fold, and epiglottis. Oral cavity

includes: buccal, alveolar ridge, anterior tongue, floor of mouth, hard palate, inner lip mucosa, and retromolar trigone
f Primary non-surgical therapy was defined as treatment with either primary radio-therapy with or without concomitant chemotherapy, including

planned neck dissection and salvage surgery

Fig. 1 Kaplan Meier plots for HPV16-associated overall survival

stratified by tumor site Oropharynx (left panel), and non-oropharynx

(right panel). HPV16 tumors were detected positive by both HPV

DNA PCR and oncogenic expression of E6/E7 by RNA RT-PCR

(combined definition)
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preferences. Advanced stage disease will generally be trea-

ted with multi-modality therapy, often employing chemo-

therapy and radiation, with or without surgery. However, any

of these therapies can, and do, produce morbidities affecting

speech, swallowing and overall quality of life. Demonstrat-

ing treatment-specific outcomes for HPV-positive HNSCC

therefore has therapeutic implications.

Our results demonstrate an improvement in overall and

disease-specific survival of HPV16 positive HNSCC which

supports a growing consensus that HPV status is an inde-

pendent predictor of survival. Overall, our estimates

showed a 56 % (p = 0.03) reduction in risk of death

overall for HPV16-positive compared to HPV16-negative

HNSCC patients, after adjustment for tumor site and other

prognostic factors and potential confounders. This is con-

sistent with a recent meta-analysis of pooled data from 42

studies, which reported a 54 % better overall survival in

HNSCC-positive versus negative patients [26]. In contrast,

a meta-analysis of 23 case-series studies showed a 15 %

reduction in risk of death in HPV-positive HNSCC patients

compared to their HPV-negative counterparts [3].

Although that finding was unadjusted and likely underes-

timated, another study of 253 patients with newly diag-

nosed HNSCC showed a 40 % (p = 0.07) reduction in risk

of death after adjustment for nodal status, age, and alcohol

consumption [4].

Fig. 2 Kaplan Meier (KM) plots for HPV-associated disease-specific

survival among non-smokers or non-drinkers by tumor site Orophar-

ynx (left panel), and non-oropharynx (right panel). HPV16 tumors

were detected positive by both HPV DNA PCR and oncogenic

expression of E6/E7 by RNA RT-PCR (combined definition)

Table 2 Overall and disease-specific survival by HPV16 DNA and RNA detection

Overall N Oropharynx Non-oropharynx

HPV16 (positive vs. negative) n Hazard ratiosa (95 % CI) p value n Hazard ratiosa (95 % CI) p value

Overall survival

HPV16 DNAb 176 57 0.37 (0.15–0.89) 0.03 119 0.83 (0.32–2.13) 0.70

HPV16 RNAc 203 67 0.35 (0.17–0.74) \0.01 136 0.72 (0.36–1.44) 0.35

HPV16 combined definitiond 208 65 0.26 (0.09–0.72) 0.01 143 0.95 (0.37–2.43) 0.91

Disease-specific survival

HPV16 DNAb 176 57 0.10 (0.01–0.84) 0.03 119 0.51 (0.13–2.00) 0.36

HPV16 RNAc 203 67 0.13 (0.03–0.61) \0.01 136 0.59 (0.20–1.72) 0.34

HPV16 combined definitiond 208 65 0.11 (0.01–0.86) 0.03 143 0.65 (0.16–2.59) 0.54

a Hazard ratios adjusted for age, sex, nodal stage, tumor size, primary treatment, smoking, drinking, and interaction term (HPV16*tumor site).

See Supplemental Table 1 for hazard ratios of all variables
b Includes available data for HPV16 DNA detection only (79 % of total sample)
c Includes available data for HPV16 RNA detection only (91 % of total sample)
d HPV16 is positive if DNA and RNA PCR detection are both positive. HPV16 is negative if either DNA or RNA PCR detection is negative.

Missing data for RNA and DNA PCR detection is omitted
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Improvement in overall and disease-specific survival in

our population was most consistently observed for oro-

pharyngeal cancers, where HPV16 prevalence was highest.

When we stratified for tumor site, there was a 74 %

reduction in risk of overall death (p = 0.01), which is

consistent with recent reports on oropharyngeal cancer [3,

14]. Moreover, we found even stronger protective associ-

ations for disease-specific events including cancer death for

HPV16-positive oropharyngeal cancers compared to their

HPV16-negative counterparts. A lower risk of secondary

primary cancers has also been attributed to HPV-associated

HNSCC [27]. Although a subset of cases included in this

study presented with second or higher primary HNSCC,

excluding or adjusting for subsequent primaries did not

change the observed survival associations with HPV.

Interestingly, we found that Hispanic patients presented

with better HPV-associated overall and disease-specific

survival than Non-Hispanic patients among those with

oropharyngeal cancers. However, adjustment for strong

prognostic factors and behavioral risk factors (smoking and

drinking) removed the effect of ethnicity on survival.

The higher HPV prevalence observed in the oropharynx

and proximal subsites relative to other HNSCC sites further

adds to the body of evidence that supports a changing

epidemiological profile of oropharyngeal malignancies.

Recent surveys from the US and Western Europe indicate

an increase in the incidence of oropharyngeal cancers,

particularly those of the tonsil and base of tongue [28–30]

accumulating evidence supports the role of HPV infections

in driving these upward trends [31–35]. As reported by

others [1] HPV-positive HNSCC tends to be of oropha-

ryngeal origin, diagnosed at a later stage, and found in

younger individuals.

Comparing HPV16 DNA and RNA detection by PCR, we

observe a substantial concordance in DNA prevalence and

E6 and E7 expression. However, the presence of E6/E7 RNA

in HPV16 DNA negative tumors might suggest the existence

of integrated virus with loss or disruption of the L1 open

reading frame [36]. Following integration, the intact portion

of the HPV16 genome can produce multiple E6 and E7

oncogene transcripts [37]. Comparisons between HPV16

DNA ?/RNA- versus RNA ?/DNA- tumors by PCR in our

study revealed that the improvement in survival was slightly

stronger for tumors positive for HPV16-E6/E7 RNA (data

not shown) suggesting that detection of these oncogenes

expressed in the tumor may be important in identifying HPV-

associated HNSCC that exhibit better prognosis, although

the numbers were too small to reach statistical significance.

Tumors positive for both HPV16 DNA and RNA were also

more likely to originate in the tonsil and base of tongue of the

oropharynx supporting the site-specific nature of this dis-

ease. Similar findings have recently been reported by Shi

et al. [38]. using RT-PCR and in situ hybridization assays to

detect HPV RNA and DNA, respectively, in oropharyngeal

HNSCC.

There remains much debate around the underlying

mechanism that drives a better response to therapy for HPV-

positive HNSCC. Some have attributed the improvement to

an enhanced sensitivity to chemotherapy and radiation of

HPV-positive tumors due to expression of significant

amounts of functional p53 [39], whereas others suggest that

administration of radiation may enhance immune response to

viral antigens [40]. In the current study, HPV-associated

survival did not differ significantly by treatment modality in

the oropharynx. An earlier study reported higher rates of

response to therapy for HPV-positive oropharyngeal tumors

Fig. 3 Kaplan Meier plots for overall survival in oropharyngeal

cancer patients by primary treatment Primary non-surgical therapy

(left panel), and primary surgery (right panel). HPV16 tumors were

detected positive by both HPV DNA PCR and oncogenic expression

of E6/E7 by RNA RT-PCR (combined definition)

84 Head and Neck Pathol (2014) 8:77–87

123



or those expressing p16 protein relative to their negative

counterparts after treatment with either chemo-radiotherapy

or induction chemotherapy [41]. The up-regulation of p16

has been suggested as a marker of active HPV infection in

HNSCC [42] whereas inactivation of p53 and p16 by

mutation or methylation may be a more common event in

smoking associated cancers [43]. In another study of 57

oropharyngeal cancers, improved prognosis was observed

among p16 positive versus negative cases initially treated

with either radiotherapy or chemoradiotherapy (log-rank test

p = 0.10) or by surgery with or without adjuvant radio-

therapy (p = 0.07) [44]. A recent study similarly found

improved overall survival in HPV-positive as compared to

HPV-negative oropharyngeal cancers treated with radio-

therapy, but found no improvement among those receiving

no radiotherapy [45]. While estimates did not reach statis-

tical significance, likely due to small numbers, our results

showed an improvement in overall survival comparing

HPV16 positive with HPV16 negative oropharyngeal can-

cers, irrespective of initial therapy. In our population,

patients who received transoral robotic surgery (TORS;

n = 11) were more likely to have lower nodal stage and

tumor size. In sensitivity analyses, hazard-risks of overall

death comparing HPV16-positive to HPV16-negative oro-

pharyngeal tumors were unchanged when we excluded 8

patients who received TORS and adjusted for nodal stage and

tumor size.

This is one of the first studies to compare HPV-associated

survival by primary treatment modality in HNSCC. While

previous studies have tested for HPV DNA or RNA alone, or

used proxy measures such as p16 immunohistochemistry, we

used PCR methodology to examine HPV prevalence and

expression; incorporating a combined DNA and RNA defi-

nition, we were able to define transcriptionally active tumors

rather than tumor HPV status alone [46]. However, we rec-

ognize that the design has some limitations. Because this is a

non-random sample, we tested for potential selection bias

due to treatment allocation by calculating and adjusting for a

treatment propensity score using a variety of statistical

approaches [47]. This score can be defined as the probability

of a patient with specific diagnostic indicators receiving a

given initial treatment [48, 49]. However, estimates did not

differ significantly from propensity unadjusted estimates

(data not shown) and we therefore only report the latter.

Lastly, we had small numbers of HPV16 DNA and RNA

positive cases in the non-oropharynx and were likely not

sufficiently powered to detect a survival advantage for these

patients. It is possible that transcriptionally-active HPV-

positive HNSCC of the oral cavity, larynx and hypopharynx,

while rare, may exhibit better survival than their HPV-neg-

ative counterparts, as illustrated by the hazard ratios for

disease-specific survival on Table 2. Larger studies are

necessary to confirm our findings.

In summary, we found that HPV in HNSCC tumors has

important clinical implications in treatment management.

In particular, we show a significantly better survival for

patients with HPV-positive oropharyngeal cancers, irre-

spective of primary treatment. These findings provide

impetus for clinical trials assessing specific therapies cur-

rently in progress. The use of transoral robotic surgery in

the primary surgical management of HPV-positive HNSCC

also remains to be clearly defined. Moreover, the recent

development of radio-immunotherapies for virally associ-

ated cancers targeting HPV16-E6 oncoproteins [50] pro-

vide further encouragement for intervention and control of

a substantial fraction of HNSCC.
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