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Introduction

Head and neck cancers are the 8th most commonly 
diagnosed cancers in Australia (1). Oropharyngeal 
squamous cell carcinoma (OPSCC) is a unique subset 
which has experienced a substantial increase in incidence 
over the last two decades (2). This rise is associated with 
a specific aetiological factor—the human papillomavirus 

(HPV), which as of 2010, was associated with 63.5% of all 
OPSCCs (2). This three-fold increase on figures from 1995 
is mirrored in other developed countries, motivating some 
to declare HPV-positive OPSCC to be an epidemic (3-6).

Large overseas trials show that HPV-positive OPSCC is a 
clinically distinct subgroup, more likely to develop in younger 
patients without traditional risk factors, and associated with a 
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better response to treatment and overall survival (7-10).
Contemporary Australian studies corroborating these 

findings are limited. Antonsson et al. (11) showed that the 
prevalence of HPV-positive disease was highest amongst 
non-smoking, younger patients and that HPV positivity 
conferred more favourable rates of one-year overall survival. 
Hong et al. (12) extended this to three-year survival in a 
study limited to tonsillar carcinoma, as well demonstrating 
a rising prevalence of HPV-positive OSPCC in Australia 
over the last 2 decades (2). These studies generally use 
P16INK4A (p16) immunohistochemistry (IHC), in conjunction 
with HPV-specific tests to define HPV positivity in their 
cohorts. Whilst this undoubtedly offers greater concordance 
with transcriptionally active HPV, it is particularly costly 
and there is evidence that p16 IHC alone is a reliable and 
cheap surrogate that can optimally stratify patient prognosis 
(9,13,14). Australian studies utilising this potentially more 
clinically appropriate measure as a standalone test are lacking 
in the context of oropharyngeal cancer.

This study aims to corroborate and expand upon Australian 
and international data on HPV-associated OPSCC, using 
p16 IHC to compare the clinicopathological characteristics 
of patients with HPV-positive and negative disease, as well as 
extend overall survival outcomes at all oropharyngeal subsites 
to three-year survival.

Methods

Study design

We performed a retrospective analysis of medical record 
data for patients treated at the Northern Sydney Cancer 
Centre (NSCC) at Royal North Shore Hospital, a large 

tertiary hospital in Sydney, Australia from 1st February 2005 
to 3rd May 2017. The study was approved by the Human 
Research Ethics Committees of the Northern Sydney Local 
Health District ethics committees (RESP/15/218). With 
this approval, patient consent was not obtained due to the 
retrospective nature of the study.

Clinicopathological data were extracted from the head 
and neck cancer database at the NSCC, which maintains 
details of all patients treated for head and neck cancer at the 
centre. This database is populated through a combination of 
pre-consultation patient questionnaires, consultation notes 
and reports from subsequent investigations. We extracted 
information about the patient (age, sex, past medical 
history, smoking status, pack year history and alcohol 
intake), disease [histology, site and subsite, laterality, date of 
diagnosis, tumour (T), nodal (N), metastasis (M) and AJCC 
staging details], treatment (plan, intent, type and completed) 
and follow up (presence and date of local, regional and 
distant recurrence, date of death). No specific details were 
available regarding loss to follow up, and thus all patients’ 
living status was assumed to be in keeping with the entries 
in the ‘Current Status’ and ‘Date of Death’ database fields. 
Staging of patients was done according to the American 
Joint Committee on Cancer (AJCC), 7th edition guidelines.

Patient eligibility

All oropharyngeal tumours which presented to the NSCC 
during the study period were assessed for eligibility 
(Figure 1). Inclusion criteria were histologically confirmed, 
squamous cell carcinoma of the oropharynx. Exclusion 
criteria were patients with recurrent or metastatic disease or 

Figure 1 Eligibility flow chart. Bold indicates patients who formed the study population.
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patients for whom p16 status information were not present 
in the NSCC head and neck cancer database.

Laboratory testing

An HPV-positive tumour was defined as one testing positive 
on p16 IHC analysis. IHC for p16 was performed on 
formalin fixed paraffin embedded sections using a specific 
mouse monoclonal antibody (clone JC8, cat SC-56330, 
Santa Cruz CA, USA) at a dilution of 1 in 10. In order to 
reduce potential bias, results were interpreted prospectively 
by various attending consultant pathologists most of whom 
had subspecialty interest in head and neck pathology 
and were generally blinded to all other clinical and 
pathological details. Diffuse, strong, full thickness staining 
was categorised as p16 positive, while absent or focal weak 
staining was categorised as p16 negative.

Statistical analyses

Clinicopathological characteristics were compared between 
patients with HPV-positive and HPV-negative tumours. 
Time trend analyses were performed by performing a 
linear regression analysis to calculate slope and standard 
error and calculating the Pearson’s correlation coefficient. 
Differences between the groups were determined using 
a combination of independent t-tests for continuous 
variables, Chi-squared tests for nominal variables and 
the Mann-Whitney U test for ordinal variables. Survival 
analyses were conducted using the Kaplan-Meier method 
to construct time-to-event curves and calculate hazard 
ratios. Overall survival was defined as the time from biopsy 
(or if biopsy date unavailable, date of first consultation) 
to the date of death from any cause. Missing data was 
not incorporated into any statistical analysis. Analyses of 
clinicopathological data were conducted in SPSS Statistics 
23.0 (IBM SPSS, Chicago, IL, USA), and survival analyses 
were performed in GraphPad Prism 7.00 (GraphPad 
Software, La Jolla, CA, USA). All significance tests were 
two-sided and a P value <0.05 represented statistical 
significance.

Results

Eligibility assessment

The eligibility flow chart is shown in Figure 1. A total of  

351 cases of oropharyngeal tumours were assessed for 
eligibility; 317 were identified as OPSCC in accordance with 
the inclusion criteria, 244 (77.0%) of which had documented 
p16 testing of their tissue samples in the medical records. 
These patients formed the study population.

Patient characteristics

Baseline characteristics of the study population are 
summarised in Table 1. The mean patient age was 59.5 years 
(SD, 9.8) and 207 patients (84.8%) were male. Among 
them, 149 (61.0%) tumours were identified in the tonsil, 
78 (32.0%) in the base of tongue and 17 (7.0%) in other 
oropharyngeal subsites. Tumours were symmetrically 
distributed (113 vs. 113, right-sided vs. left-sided). On 
questionnaire or during consultation, 162 patients (66.4%) 
self-identified as either current or ex-smokers and 191 
(78.3%) identified as regular drinkers of alcohol. In regards 
to treatment, 13 (5.3%) patients received surgery alone, 
13 (5.3%) received surgery and radiotherapy, 29 (11.9%) 
received surgery with radiotherapy and chemotherapy, 
139 (57.0%) received radiotherapy with or without 
chemotherapy and 50 (20.5%) patient’s treatment details 
were unavailable.

Time trend analysis of OPSCC

The yearly rates of OPSCC treated at the NSCC during 
the study are shown in Figure 2. The total number of cases 
per year rose significantly over the trial period (r=0.919, 
P<0.0001, m =2.64±0.36), despite a decrease from 2013 to 
2016. The rates of HPV-positive disease increased similarly 
(r=0.923, P<0.0001, m =2.73±0.36) also demonstrating 
a fall from 2013 to 2016. HPV-negative disease rates 
also increased, albeit more modestly (r=0.714, P=0.0091, 
m =0.40±0.12). The number of untested cases per year 
remained constant (r=−0.453, P=0.1396, m =−0.49±0.30).

The yearly rates of OPSCC for the study population, 
separated by HPV status and sex are shown in Figure 3. 
HPV-positive disease in men rose most significantly (r=0.929, 
P<0.0001, m =2.47±0.31) of all the gendered subgroups, 
from 4 cases per year in 2005 to 29 in 2013, dropping to 25 
in 2016. The number of HPV-negative cases in men showed 
a slight increase (r=0.616, P=0.0330, m =0.29±0.17), whilst 
there was no statistically significant change in number of 
cases per year in women, in both the HPV-positive (P=0.0556) 
and HPV-negative group (P=0.1487).
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Proportion of HPV-positive disease

Averaging over the study period, 202 of the 244 (82.8%) 
patients had HPV-positive OPSCC. This proportion was 
higher in males than in females (85.5% vs. 67.6%, P=0.008) 
and was inversely related to patient age group, with the 
highest prevalence found in the under 50 age group (90.7%), 
followed by 50–59 (85.2%), 60–69 (83.3%), 70–79 (72.2%) 
then 80 or older (50.0%). The percentage of HPV-positive 
OPSCC as a proportion of all HPV tested tumours is shown 
in Figure 4. There was no statistically significant rise in the 
proportion of HPV-positive OPSCC taken as a percentage 
of all OPSCC (r=0.442, P=0.1506, m =1.33±0.85) over the 

Table 1 Patient characteristics human papillomavirus status

Characteristic
HPV-positive 
(n =202)

HPV-negative 
(n =42)

P value

Age, year 0.005

Mean (± SD) 58.7 (±10.1) 63.4 (±9.5)

Median 62.5 59

Range 31–84 46–88

Sex, No. (%) 0.008

Male 177 (87.6) 30 (71.4)

Female 25 (12.4) 12 (28.6)

Laterality, No. (%) 0.127*

Left 93 (46.0) 20 (47.6)

Right 101 (50.0) 12 (28.6)

Midline 4 (2.0) 6 (14.3)

Bilateral 4 (2.0) 4 (9.5)

Subsite, No. (%) 0.423†

Base of tongue 69 (34.2) 9 (21.4)

Tonsil 126 (62.4) 23 (54.8)

Other 7 (3.5) 10 (23.8)

Smoking status, No. (%) (unknown =1) < 0.001‡

Current 29 (14.4) 23 (54.8)

Ex-smoker 93 (46.0) 17 (40.5)

Non-smoker 79 (39.1) 2 (4.8)

Unknown 1 (0.5) 0

Pack year history, No. (%) (unknown =52) (PYs) < 0.001

≤20 127 (62.9) 10 (23.8)

>20 34 (16.8) 21 (50.0)

Unknown 41 (20.3) 11 (26.2)

Alcohol intake, No. (%) (unknown =11) 0.318

Drinker 156 (77.2) 35 (83.3)

Non-drinker 37 (18.3) 5 (11.9)

Unknown 9 (4.5) 2 (4.8)

AJCC 7th ed, No. (%) (unknown =1) 0.068

I 4 (1.9) 4 (9.5)

II 16 (7.9) 5 (11.9)

III 42 (20.8) 9 (21.4)

IV 139 (68.8) 24 (57.1)

Unknown 1 (0.5) 0

Table 1 (continued)

Table 1 (continued)

Characteristic
HPV-positive 
(n =202)

HPV-negative 
(n =42)

P value

T stage, No. (%) (unknown =2) 0.001

T1 67 (33.2) 6 (14.3)

T2 83 (41.1) 16 (38.1)

T3 39 (19.3) 13 (31.0)

T4 11 (5.4) 7 (16.7)

Unknown 2 (1.0) 0

N stage, No. (%) 0.001

N0 26 (12.9) 13 (31.0)

N1 34 (16.8) 7 (16.7)

N2 133 (65.8) 20 (47.6)

N3 9 (4.5) 2 (4.8)

M stage, No. (%) 0.261

M0 195 (96.5) 40 (95.2)

M1 4 (2.0) 2 (4.8)

Mx 3 (1.5) 0

Treatment, No. (%) (unknown =50) 0.967§

Surgery only 11 (5.4) 2 (4.8)

Surgery + RT 9 (4.6) 4 (9.5)

RT +/− CTX 121 (59.9) 18 (42.9)

Surgery + RT + CTX 28 (13.9) 1 (2.4)

Unknown 33 (16.3) 17 (40.4)

*, left vs. right sided tumours; †, base of tongue vs. tonsil 
tumours; ‡, current and ex-smoker vs. non-smoker; §, surgical 
vs. non-surgical treatment. HPV, human papillomavirus; PYs, 
pack years; RT, radiotherapy; CTX, chemotherapy.
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trial period when proportions were compared on a year-
to-year scale. When considered in periods of 3 years (i.e., 
2005–2007, 2008–2010, 2011–2013 and 2014–2016), the 
proportion of HPV-positive OPSCC taken as a percentage 
of all OPSCC rose significantly over the trial period (r=0.99, 

P=0.002, m =3.87±0.17).

Clinicopathological characteristics of HPV-positive and 
HPV-negative OSPCC

Compared to the HPV-negative cohort, patients with HPV-
positive OPSCC were significantly younger at diagnosis 
(mean difference =4.7 years, P=0.005) and more likely to 
be male (87.6% vs. 71.4%, P=0.008). Furthermore, they 
were significantly more likely to identify as a non-smoker 
(39.3% vs. 4.8%, P<0.001) and have a pack year history of 
20 years or less (78.9% vs. 32.3%, P<0.001). There was no 
significant difference in the numbers of patients who self-
identified as regular drinkers of alcohol between the two 
groups (P=0.318).

In the HPV-positive cohort, tumour (T) stage at 
presentation was less advanced (P=0.001), whist nodal 
(N) stage was more advanced (P=0.001). However, HPV 
status conferred no statistically significant difference in 
the metastatic (M) or overall AJCC stage at presentation. 
There was no statistically significant difference between the 
groups in terms of treatment received when treatment was 
classified as either surgical or non-surgical (P=0.967).

Overall survival of HPV-positive and HPV-negative OPSCC

Kaplan-Meier curves for three-year overall survival are 
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shown in Figure 5. Patients with HPV-positive disease had 
significantly better overall survival than those with HPV-
negative disease (P<0.0001 by the log-rank test). The rates of 
three-year overall survival were 93.6% (95% CI, 87.9–96.6%) 
in the HPV-positive group and 68.9% (95% CI, 50.5–81.6%) 
in the HPV-negative group. The corresponding hazard ratio 
for death was 0.16 (95% CI, 0.05–0.53; P<0.001) favouring 
survival in the p16 positive group.

Discussion

This study extends survival outcome figures in an Australian 
cohort to three-year survival and corroborates local and 
international data on the clinicopathological characteristics 
of HPV-positive oropharyngeal cancer patients. It 
provides further evidence that p16 status is a significant 
prognosticator in the overall survival of oropharyngeal 
cancer patients beyond one year.

In our cohort, the increase in the cases of oropharyngeal 
cancer treated per year from 2005 to 2016 was largely 
accounted for by a rise in HPV-positive disease (Figure 2),  
specifically HPV-positive disease in men (Figure 3). This 
finding is mirrored by large, epidemiological studies both 
in Australia (2) and other economically developed countries 
(3,15). It has been suggested that geography-specific 
risk factors for oral HPV exposure are more prevalent in 
these regions (e.g., oral sex and multiple sexual partners), 
accounting for an increase in incidence over the last 
20–30 years (15-17). This sex-specific rise has also been 
reported elsewhere, with HPV-positive OPSCC in women 
remaining at generally constant levels over the same time 
period in a number of other studies (3,18). Reasons for this 

sex predominance are unclear, but have been attributed to 
differences in sexual practices and a higher prevalence of 
HPV in cervical tissue compared to penile tissue, resulting 
in a greater risk of HPV transmission when performing oral 
sex on a female (6).

There was a small rise in HPV–negative disease over the 
trial period (Figure 2). This is unusual given the continuing 
decline in smoking rates in Australia over the last  
30–40 years in Australia, however, it may in fact reflect the 
overall rate of population increase in the local area instead 
of a true rise in the prevalence of HPV negative disease.

We measured the average proportion of HPV-positive 
OPSCC over the study period to be 82.8%. This is 
somewhat higher than figures published elsewhere in 
Australia, which report a proportion between 49–66% 
(2,11,16). The discordance may reflect the relatively high 
socioeconomic background of the local catchment area, 
with research indicating that those with HPV-positive 
disease are more likely to occupy a higher income bracket 
and have a higher level of education (19). The discrepancy 
may also, in part, be explained by our use of p16 IHC as a 
standalone test to determine HPV status. This differs from 
other studies which combined p16 IHC with quantitative 
polymerase chain reaction (PCR) or in situ hybridisation 
(ISH) for high risk HPV as an additional criterion for HPV 
positivity (2,11). Pooled analysis calculate the specificity of 
p16 IHC alone at 83% (20) and false positive rates range 
from 3.8–7.3% (21) to up to 51% (22). This imprecision 
is an ongoing criticism of p16 testing and may result in an 
overestimation of the true proportion of OPSCC caused by 
transcriptionally active HPV, in our cohort. Other reasons 
for this disparity may include the inclusion of patients 
presenting after 2010 (thus incorporating an expected rise 
in prevalence of HPV-positive disease since) and the high 
rate of non-smokers in our cohort.

There was no statistically significant rise in the yearly 
proportion of HPV-positive disease over the trial period 
(Figure 4), however this proportion showed a significant rise 
when grouped in periods of three years. This is in contrast 
to robust epidemiological studies showing a steady rise in 
the yearly proportion of HPV-positive OPSCC from 2005 
onwards in developed countries (2,3,18). This is likely 
explained by small patient numbers in the early years of our 
analysis, which reduces the statistical power of a time trend 
analysis.

HPV-positive patients were more likely to be male, 
present earlier, with smaller primary tumour load and more 
extensive nodal metastasis compared to HPV-negative 
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patients. These findings are typical of studies comparing 
the two groups (23-26). Furthermore, patients with HPV-
positive disease were significantly more likely to be non-
smokers compared with their HPV-negative counterparts 
(39.3% vs. 4.8%), in keeping with previous studies (8,12). 
Non-smoking rates were higher both overall and in 
the HPV-positive cohort when compared with similar 
populations (2,8,11,27). Once again, this may reflect the 
relatively high socioeconomic status of the local catchment 
area. It may offer further explanation for the higher overall 
proportion of HPV-positive disease, reflecting a smaller 
carcinogenic influence of tobacco, a known risk factor for 
HPV-negative OPSCC.

Our survival analysis corroborates the important, 
previously documented finding that HPV-positive 
oropharyngeal cancer represents a distinct and clinically 
relevant subgroup with better overall survival. We 
calculated a hazard ratio for death of 0.16 (95% CI, 0.05–
0.53, P<0.001) in favour of the HPV-positive subgroup. 
In previous international studies using p16 as a standalone 
surrogate for HPV, hazard ratios ranged from 0.21–0.49 
in favour of HPV-positive OPSCC, with three-year 
survival rates measured as 83.6–88% in the HPV-positive 
group (8,9,28,29). We calculated a slightly better three-
year survival rate in the HPV-positive group (91.4%), but 
accounting for confidence intervals, these are in keeping 
with international figures.

Whilst younger age and lower tobacco exposure have 
been offered as confounding explanations (6,30), a definitive 
biological mechanism accounting for the difference in 
survival outcomes between HPV-positive and -negative 
OPSCC is currently unknown. HPV-positive disease 
has also been shown to respond differently to treatment, 
appearing more chemo-radiosensitive than HPV-negative 
disease (31,32). Given the significant morbidity and 
mortality associated with current treatment regimens, this 
finding has supported a growing but guarded move towards 
de-escalated therapy for HPV-associated OPSCC. However, 
a 2015 Cochrane review found the current evidence base to 
be of insufficient quality to warrant any immediate change 
in treatment (33).

The major limitations of this study arise from missing 
data. p16 IHC results were unavailable for 23.0% of 
OPSCC patients excluding them from the study. It is 
unclear why this data was unavailable and whether it was 
randomly distributed. The majority of these patients 
presented prior to 2011 (Figure 2), likely during an era 
in which p16 IHC was not routinely performed on all 

oropharyngeal cancers (as it is today). Whilst it would 
have improved the accuracy of the results to have done 
so, financial resource limitations precluded retrospective 
p16 testing of tissued banked tumour samples, which 
would have otherwise identified the HPV status of 
those patients for whom p16 IHC results were not 
available. Furthermore, a lack of robust, quantifiable 
data in a number of fields restricted an investigation of 
the relationship between HPV status and locoregional 
recurrence rates, and permitted only a crude understanding 
of how HPV positivity is associated with pack year history, 
alcohol intake and treatment modality. Treatment details 
were unavailable for 20.5% of patients as a result of an 
incomplete data set. No imputation or interpolation 
analyses were performed. In keeping with the study’s ethics 
review board requirements, data prepared and released to 
the investigators were deidentified in a manner such that it 
were not possible to identify patients by name or medical 
record number. Correlation with patient medical records 
to cross-check treatment details was thus not possible due 
to these patient confidentiality and data deidentification 
standards. These standards also prohibited attempts to 
contact patients lost to follow up—either by corresponding 
directly with patients or their relatives, or by consulting 
public data sources such as the Registry of Births, Deaths 
& Marriages. These limitations detract from the findings 
and potentially overestimate the three-year overall survival 
rates, as some patients who were lost to follow up may 
have died in the three years following their diagnosis. In 
light of these constraints, it is prudent that survival data be 
appreciated in the broadest sense, specifically that overall 
survival was significantly better in the HPV-positive group, 
despite treatment received. Unfortunately, small numbers 
of patients, particularly in the early years of the study and 
the HPV-negative group, diminishes statistical power and 
the ability to draw confident conclusions from time trend 
analyses. Given this was a retrospective medical record 
review in which patients were not randomised, selection 
bias remains a concern in making comparisons between 
HPV-positive and negative patients. Finally, this study 
was undertaken in a single centre, limiting our knowledge 
of true case numbers of oropharyngeal cancer in the 
catchment area. As such, generalisations of the conclusions 
to other populations should be applied cautiously.

S ince  i t  i s  known that  HPV-pos i t i ve  OPSCC 
represents a distinct subgroup of patients, characterised 
by differences in age, smoking status, T and N stage and 
response to treatment, some have suggested that future 



Australian Journal of Otolaryngology, 2019Page 8 of 10

© Australian Journal of Otolaryngology. All rights reserved. Aust J Otolaryngol 2019;2:1www.TheAJO.com

studies control for these variables in comparing survival 
outcomes (30). Other avenues of further study may 
include the search for precursor lesions (as in cervical 
cancer) and a continuing investigation into the validity 
of administering different treatment regimens based on 
HPV status, as opposed to the current paradigm in which 
treatment is dictated by tumour, nodal and metastatic 
load. Finally, the prevalence and effect of undertreating 
aggressive p16-positive but true HPV-negative disease 
when utilising a p16 standalone approach warrants 
investigation (34).

Of relevance, the American Joint Committee on Cancer 
(AJCC) released the 8th edition of the AJCC Staging 
Manual, Head and Neck Section intended for use with 
cases diagnosed from January 1, 2018. This new system 
reflects the paradigm shift moulded by the rising caseload 
and unique nature of HPV-positive OPSCC. The new 
edition appreciates the typical characteristics of HPV-
positive patients which are identified in this and other 
studies (i.e., smaller tumour load, higher nodal metastasis, 
favourable survival) by creating a separate staging 
system for HPV-positive OPSCC. These HPV-positive 
tumours are identified by positive staining for p16 under 
established criteria (35). The effect of these amendments 
has been to correct for the skewing towards Stage III 
and IV disease which occurred under the 7th edition, in 
turn allowing clinicians to convey an AJCC stage to their 
HPV-positive patients that is more representative of the 
favourable prognosis conveyed by HPV-positivity (36). 
This ‘staging pitfall’ in the 7th edition was reflected in this 
study, which found no statistically significant difference 
in overall AJCC stage at presentation between the HPV-
positive and HPV-negative cohorts. Similar findings have 
been found in previous studies which compared these 
cohorts under the 7th edition guidelines (8). The 8th edition 
now downstages HPV-positive tumours in keeping with 
their prognosis to more accurately reflect the reality of 
their natural progression. It is anticipated that the greater 
focus and awareness precipitated by the release of this 
new edition, will precipitate future HPV-positive trials in 
OPSCC specifically, especially given that cervical cancer, 
the cancer historically associated with HPV, is set to be 
eliminated as a public health problem in Australia within 
the next 20 years (37).

In conclusion, this study adds to the landscape of 
Australian data and corroborates international findings 
on HPV-associated oropharyngeal cancer. Our cohort 
demonstrated a higher proportion of HPV-positive disease 

than previous studies and confirmed that these patients 
are more likely to be male, present younger and identify 
as a non-smoker, compared to those with HPV-negative 
disease. Finally, our data extends Australian data on overall 
survival at all oropharyngeal subsites to three-year survival 
and suggests that p16 positivity confers a similar degree 
of positive prognostic value in an Australia as has been 
demonstrated overseas.
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