Xu et al. Journal of Otolaryngology - Head and Neck Surgery 2013, 42:36
http://www.journalotohns.com/content/42/1/36

ORIGINAL RESEARCH ARTICLE

Open Access

HPV Status and second primary tumours in
Oropharyngeal Squamous Cell Carcinoma
Caroline C Xu1, Vincent L Biron1, Lakshmi Puttagunta2 and Hadi Seikaly1*

Abstract
Introductions: The incidence of human papillomavirus (HPV)-related oropharyngeal squamous cell carcinoma
(OPSCCs) is rising in developed nations. Studies have shown that these virally mediated tumours are
epidemiologically, clinically, and biologically different than other head and neck squamous cell carcinomas and
traditional concepts of field cancerization may not apply to HPV-related oropharyngeal cancer.
Objective: The purpose of this study was to evaluate the rate of second primary tumors and the diagnostic yield of
field cancerization work up in the upper aerodigestive tract in patients with HPV-related and HPV-unrelated
oropharyngeal squamous cell carcinoma.
Design: Retrospective review.
Setting: Tertiary cancer care centers in Alberta.
Methods: Retrospective review of 406 patients diagnosed with OPSCC in Alberta between 2005 and 2009.
HPV-status of tumours was determined by tissue microarray using immunohistochemistry staining for p16.
Main outcome measures: Primary outcome: incidence of upper aerodigestive tract second primary tumours in
p16-positive versus p16-negative OPSCC. Secondary outcomes: diagnostic yield of traditional field cancerization
work-up in p16-positive versus negative patients.
Results: The overall rate of SPTs was 7.4% (30/406). The incidence rate of SPTs was significantly lower in
p16-positive patients (0.7 per 100 patient-yrs vs. 8.5 in p16-negative, p < 0.0001). Field cancerization work-up for
synchronous lesions in the upper aerodigestive tract, including panendoscopy and whole-body PET-CT, had
decreased diagnostic yield in p16-positive patients (2.8% vs. 10.2% in HPV-negative patients, p=0.02).
Conclusions: Patients with HPV-related OPSCC, who are non-smokers have decreased risk of developing second
primary tumours in the upper aerodigestive tract and have low yield on field cancerization work-up. This study
provides further evidence that virally mediated OPSCC are distinct and may benefit from alternate diagnostic
pathways.
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Introduction
The incidence of human papillomavirus (HPV)-related
oropharyngeal squamous cell carcinoma (OPSCCs) is
rising in developed nations [1-4]. Studies have shown
that these virally mediated tumours are epidemiologically, clinically, and biologically different than other head
and neck squamous cell carcinomas [5-7]. For example,
a recent study from our institution demonstrated a
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strong epidemiologic relationship between OPSCC in
women and human papillomavirus-associated cancers
[8]. These differences are highlighted by the fact that
HPV-positive OPSCC patients have improved clinical
outcomes and overall survival after tratment [9,10].
The concept of ‘field cancerization’ has been described
in head and neck squamous cell carcinoma (HNSCC)
with traditional risk factors such as alcohol and tobacco.
It proposes that HNSCCs have a high propensity for
local recurrences and second primary tumours due to a
large pre-neoplastic field of mucosal epithelium exposed
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to carcinogens. Molecular studies have shown that this
epithelium contains cells that have alterations of the
PI3K-PTEN-AKT pathway [10]. This pathway ultimately
results in perturbed p53 and retinoblastoma (RB)
pathways, both of which are broadly implicated in
carcinogenesis [11]. The concept of field cancerization is
the basis for most of our diagnostic and follow up
protocols for HNSCC patients. This includes routine
panendoscopy and PET-CT scanning in many centers
for detection of second primary tumours in this musocal
field [12,13].
HPV-mediated carcinogenesis also occurs through inactivation of p53 and retinoblastoma, but through expression of two viral oncogenes: E6 and E7 [11,14]. This
also results in the overexpression of p16, which has been
widely accepted as a surrogate marker for HPV infection. Critical events in this process include viral infection
of a single cell followed by monoclonal expansion and
replication. Given the molecular differences in HPVmediated carcinogenesis, it is reasonable to hypothesize
that traditional concepts of field cancerization may not
apply to HPV-related oropharyngeal cancer. This concept is confirmed by recent epidemiologic data showing
lower rate of second primary malignancy after an index
OPSCC, despite an increasing overall incidence of HPVinduced HNSCC worldwide, particularly in healthy,
young males [4].
The purpose of this study is two fold:
1) To evaluate the rate of second primary tumours in
the upper aerodigestive tract in patients with HPVrelated and HPV-unrelated oropharyngeal squamous
cell carcinoma.
2) To assess the diagnostic yield of field cancerization
work up for second primary tumours in the upper
aerodigestive tract in patients with HPV-related and
HPV-unrelated oropharyngeal squamous cell
carcinoma.

Methods
The University of Alberta Human Research Ethics Board
approval was obtained for this study. A retrospective review was conducted of 406 consecutive patients treated
for OPSCC in Alberta between 2004 and 2009, inclusive.
Patients were identified through the Alberta Cancer
Board database of head and neck cancer patients. Patient
and tumour demographic data, follow-up and survival
data were recorded. Smoking status was also recorded
for all patients. These were based on self-reported tobacco use at the time of initial assessment at the Cross
Cancer Institute (CCI, Edmonton, AB) or Tom Baker
Cancer Centre (TBCC, Calgary, AB). Patients were considered non-smokers only if life-long non-smoking status was reported.
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Identification of second primary tumours

Second primary tumours were identified by review of
CCI or TBCC clinical progress notes, whole-body PETCT imaging reports, and histopathologic reports. Lesions
were considered second primary tumours if they were at
least > 2cm distal from the index malignancy and histologically proven to be inconsistent with recurrence or
metastatic disease. All second primary tumours were
classified as synchronous if identified within 6 months of
diagnosis the primary tumor and metachronous if identified outside of this 6-month period. Upper aerodigestive
tract (UADT) sites included all head and neck subsites,
esophageal, and lung cancers. All other tumours were
considered non-upper aerodigestive tract (Non-UADT)
and included colorectal, breast, prostate, and thyroid
malignancies.
Incidence rates

The incidence rate (IRs; events per 100 patient-yrs) and
their confidence intervals were calculated. Observation
time was defined as time from initial diagnosis to last
date of follow-up or death.
Determination of HPV status

Of the 406 patients, 199 formalin-fixed and paraffinembedded tissues were able to be retrieved from the Alberta tumour bank and prepared for tissue microarray as
previously described [15]. Each sample was incubated
with a p16INK4a mouse monoclonal antibody (p16) and
visualized using avidin-biotin-peroxidase technique.
Positive p16 status was defined as high-intensity, diffuse
staining of more than 70% per spot. This was digitally
scored using standardized cutoffs with AQUAnalysis
software (HistoRx, Inc. Branford, Conneticut).
Yield on field cancerization work-up for synchronous SPTs

All the investigations for second primaries usually
performed in the cancer centers were reviewed. Diagnostic yield was defined as the number of SPTs identified by a diagnostic test divided by the number of
individuals undergoing the diagnostic test.
Statistical and multivariate analysis

All analysis was completed using SPSS 19 (Chicago, IL).
Comparison of parametric data was by unpaired t-test
and non-parametric, categorical data were compared by
Fisher’s exact test. Two by two contingency tables were
generated for comparisons of categorical data and Fisher’s exact test was used to test significance.

Results
Patient characteristics

406 patients were treated for OPSCC between 2005 and
2009. P16 staining was completed for 49.1% of patients.
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Table 1 Summary of patient demographic information by p16 status
All patients (N= 406)

p16 - (N=81)

p-value

59.1

±10.9

55.9

60.7

0.003*

Male

327

79.8%

86.6%

76.3%

0.047*

Female

83

20.2%

Average age
Sex

Smokers
Stage

Index tumour location

Treatment

p16 status available (N = 199)
p16 + (N=118)

281

68.5%

63.5%

86.8%

0.0008*

IV

308

78.8%

75.6%

80.0%

0.49

III

58

14.2%

18.5%

11.3%

0.23

II

26

6.3%

2.5%

3.7%

0.68

1.7%

2.5%

0.99

3.9

3.9

0.98

I

14

3.4%

Tonsils

213

68.7%

Base of the tongue

90

29.0%

Oropharynx NOS

15

4.8%

Soft palate

18

5.8%

Pharyngeal walls

15

4.8%

Surgery+ChemoRT

143

34.9%

ChemoRT

216

52.7%

Palliative

16

3.9%

Salvage surgery

11

2.7%

No treatment
Follow-up (years)

21

5.1%

3.9

± 1.0

p < 0.05 considered statistically significant. NOS = not otherwise specified.

The demographics and distribution of patients by p16
status is shown in Table 1. Patients with known p16 status were younger, more male-predominant and fewer
were smokers.

(Figure 1). Patients with p16-positive OPSCC had SPTs
in the oral cavity, tonsil, and lung. Specifically, lung lesions comprised of adenocarcinomas. Non-HPV-related
OPSCC patients had SPTs distributed across all subsites
of UADT.

Upper aerodigestive tract second primary tumours

The overall prevalence of upper aerodigestive tract (i.e.
head and neck, esophageal, and bronchogenic) SPTs was
7.39%. The SPT incidence rates per 100 patient-years
were significantly reduced in p16-positive OPSCC
patients (Table 2). In contrast, rates of non-upper
aerodigestive tract second primaries were not significantly different between p16 positive and negative patients (Table 2).
The distribution of upper aerodigestive tract SPTs differed between p16-positive and p16-negative OPSCC

Yield on field cancerization work-up for synchronous SPTs

Sixty-four p16-positive patients underwent whole-body
PET-CT scanning and 80 underwent panendoscopy
within six months of the initial diagnosis of their index
head and neck malignancy. Four SPTs were identified by
these two modalities generating a diagnostic yield of
2.8%. Similarly, 53 p16–negative patients underwent
panendoscopy and 35 patients underwent whole-body
PET-CT at the time of their diagnosis. Nine SPTs were
identified, which corresponded to an overall diagnostic

Table 2 Incidence rate of upper aerodigestive tract (UADT) and non-upper aerodigestive tract (non-UADT) second
primary tumours by p16 status
Incidence rate per 100 patient-yrs (Confidence interval)
UADT

Non-UADT

p < 0.05 considered statistically significant.

p16 +

p16 -

p-value

0.7

8.5

<0.0001*

(0.3 – 1.4)

(5.7 – 12.4)

0.9

2.1

(0.9 – 4.7)

(0.4 – 1.8)

0.116
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Figure 1 Site distribution of second primary tumours by
p16 status.

yield of 10.2%. Overall, the diagnostic yield for synchronous SPTs was significantly less in p16-positive patients
(p = 0.019) (Table 3).
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We report a significantly reduced incidence rate of
upper aerodigestive tract second primary tumours in
HPV-related OPSCC. This differs from SPTs of nonupper aerodigestive tract sites, which have similar rates
between the patient populations. In addition, our study
demonstrates a difference in site predilection of SPTs in
the head and neck. While p16-positive patients had oral
cavity and oropharyngeal involvement, p16-negative patients had a wide distribution of SPTs in the upper
aerodigestive tract. Admittedly, the number of second
primary tumors are small and firm conclusions regarding site predilection cannot be made.
Interestingly, three HPV-positive patients also had second primary malignancies affecting the lung. The relationship between HPV and lung cancer, particularly in
non-smokers is an area of active recent research and remains controversial and poorly understood [18]. However, given the high incidence of co-morbid smoking
status in our patients, no causal relationships can be
concluded.
We also examined the diagnostic yield of field cancerization work-up in p16 positive and p16 negative patients.
The yield, particularly on panendoscopy was very low in
HPV-positive patients. No synchronous second primary
tumours were identified on panendoscopy in p16-positive,
nonsmokers. In these patients, careful in-office examination, including flexible nasopharyngoscopy, would likely
be sufficient for identifying second primaries located in

Discussion
Several studies have indirectly addressed the issues of
second primary tumours in oropharyngeal squamous cell
carcinoma. Both Ang et al. and Licitra et al. reported a
lower prevalence of SPTs in HPV-positive oropharyngeal
squamous cell carcinoma patients, though neither study
found statistically significant differences [10,16]. Recent
epidemiologic data have also reported a dramatic decline
in the incidence of second primary tumours after an
index oropharyngeal tumour in the last three decades
[17]. Our study comprehensively compares the rate of
upper aerodigestive tract second primary tumours in virally mediated OPSCC and non-virally-mediated disease.
Table 3 Diagnostic yield of various imaging modalities
for second primary tumours by p16 status
Number of patients
p16 +

p16 -

p-value

Diagnostic work-up
Whole-body PET-CT

64

35

Panendoscopy

80

53

SPTs identified

4

9

Diagnostic yield

2.8%

10.2%

p < 0.05 considered statistically significant.

0.02*

Figure 2 Proposed diagnostic algorithm for second primary
tumours by p16 status.
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the oral cavity, and oropharynx. In addition, studies have
already shown that panendoscopy has limitations in its
ability to identify second primary lung malignancies [19].
Whole-body PET-CT on the other hand, has emerged as a
cost-effective diagnostic tool [20] for staging and identification of second primary tumours in head and neck
cancer [21,22]. Based on our results, a diagnostic pathway
for SPTs is proposed in Figure 2. The algorithm acknowledges differences in field cancerization work-up from
centre to centre based on practice preferences and
resource availability.
This study has a number of limitations. First, retrospective reviews are by nature subject to recall bias, inaccuracies in records, and incomplete data. Smoking
status, in particular was reported only as smoker versus
life-non-smoker. No differentiation was made between
current and former smokers or light and heavy smoking.
Secondly, it is possible that patients with virally mediated HNSCC develop second primary tumours much
later and thus, this study provides an underestimation of
the SPT rates in these patients. Longer longitudinal
studies would be needed to confirm that HPV-positive
patients remain SPT free beyond a 5 to 10-yr period.
Finally, p16 over-expression is not synonymous with the
presence of HPV-related cancer but studies that have
demonstrated the utility of p16 as a surrogate marker
for oncogenic-HPV infection, with up to 100% sensitivity
and 93% specificity [23]. P16 status has also been shown
to be of more reliable prognostic value and is currently
used for clinical stratification of patients in many centers. Thus, our interpretation of p16 status represents
the current real-world usage of this marker.

Conclusions
Patients with HPV-related OPSCC, who are non-smokers
have decreased risk of developing second primary tumours
in the upper aerodigestive tract and have low yield on field
cancerization work-up. This study provides further evidence that virally mediated OPSCC are distinct and may
benefit from alternate diagnostic pathways.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
CCJ, VLB and HS designed the study. VLB and LP performed p16 status
analysis. CCJ performed data collection, analysis, and preparation of the
manuscript. All authors read and approved the final manuscript.
Author details
1
Division of Otolaryngology-Head and Neck Surgery, Department of Surgery,
University of Alberta Hospital, 8440 112 St, Edmonton, AB T6H 2H7, Canada.
2
Department of Laboratory Medicine and Pathology, University of Alberta
Hospital, 8440 112 St, Edmonton, AB T6H 2H7, Canada.
Received: 8 January 2013 Accepted: 1 April 2013
Published: 29 May 2013

Page 5 of 6

References
1. Johnson-Obaseki S, McDonald JT, Corsten M, Rourke R: Head and Neck
Cancer in Canada: Trends 1992 to 2007. Otolaryngol Head Neck Surg 2012,
147(1):74–78. Epub Feb 10.
2. Ryerson AB, Peters ES, Coughlin SS, Chen VW, Gillison ML, Reichman ME, Wu
X, Chaturvedi AK, Kawaoka K: Burden of potentially human
papillomavirus-associated cancers of the oropharynx and oral cavity in
the US, 1998–2003. Cancer 2008 Nov 15, 113(10 Suppl):2901–2909.
3. Heath S, Willis V, Allan K, Purdie K, Harwood C, Shields P, Simcock R,
Williams T, Gilbert DC: Clinically significant human papilloma virus in
squamous cell carcinoma of the head and neck in UK practice. Clin Oncol
(R Coll Radiol) 2012, 24(1):e18–e23. Epub 2011 Jul 14.
4. van Monsjou HS, Balm AJ, van den Brekel MM, Wreesmann VB:
Oropharyngeal squamous cell carcinoma: a unique disease on the rise?
Oral Oncol 2010, 46(11):780–785. Review.
5. McKaig RG, Baric RS, Olshan AF: Human papitlonia- virus and head and
neck cancer: epidemiology and molecular biology. Head Neck 1998,
20:250–265.
6. Van Houten VM, Snijders PJ, Van den Brckel MW, Kummer JA, et al:
Biological evidence that human papillomaviruses are etiologically
involved in a subgroup of head and neck squamous cell carcinomas.
Int J Cancer 2001, 93:232–235.
7. Fouret P, Monceaux G, Temam S, et al: Human papillomavirus in head and
neck squamous cell carcinomas in nonsmokers. Arch Otolaryngol Head
Neck Surg 1997, 123:513–516.
8. Biron VL, Côté DW, Seikaly H: Oropharyngeal squamous cell carcinoma
and human papillomavirus-associated cancers in women: epidemiologic
evaluation of association. J Otolaryngol Head Neck Surg 2011 Feb,
40(Suppl 1):S65–S69.
9. Gillison ML, D’Souza G, Westra W, et al: Distinct risk factor profiles for
human papillomavirus type 16-positive and human papillomavirus
type 16-negative head and neck cancers. J Natl Cancer Inst 2008,
100:407–420.
10. Ang KK, Harris J, Wheeler R, et al: Human papillomavirus and survival
of patients with oropharyngeal cancer. N Engl J Med 2010,
363:24–35.
11. Leemans CR, Braakhuis BJM, Brakenhoff RH: The molecular biology of head
and neck cancer. Nat Rev Cancer 2011, 11:9–22.
12. Levine B, Nielsen EW: The justifications and controversies of
panendoscopy - A review. Ear, Nose and Throat J 1992,
71(8):335–343.
13. Xu GX, Guan DJ, He ZY: 18FDG-PET/CT for detecting distant metastases
and second primary cancers in patients with head and neck cancer: a
metanalysis. Oral Oncology 2011, 47(7):560–565.
14. D'Souza G, Kreimer AR, Viscidi R, et al: Case–control study of human
papillomavirus and oropharyngeal cancer. N Engl J Med 2007,
356:1944–1956.
15. Licitra L, Perrone F, Bossi P, et al: High-risk human papillomavirus affects
prognosis in patients with surgically treated oropharyngeal squamous
cell carcinoma. J Clin Oncol 2006, 24:5630–5636.
16. Morris LGT, Sikora AG, Patel SG, et al: Second primary cancers after an
index head and neck cancer : subsite-specific trends in the era of
human papillomavirus – associated oropharygneal cancer. J of Clin Onc
2011, 29(6):739–746.
17. Kononen J, Bubendorf L, Kallioniemi A, et al: Tissue microarrays for
high-throughput molecular profiling of tumor specimens. Nat Med 1998,
4:844–847.
18. Prabhu PR, Jayalekshmi D, Pillai MR: Lung cancer and human papilloma
viruses (HPVs): examining the molecular evidence. J Oncol 2012, 750270.
Epub 2012 Jan 26.
19. Benninger MS, Shariff A, Blazoff K: Symptom-directed selective
endoscopy: long-term efficacy. Arch Otolaryngol Head Neck Surg 2001,
127(7):770–3.
20. Kurien G, Hu J, Harris J, Seikaly H: Cost-effectiveness of positron emission
tomography/computed tomography in the management of advanced
head and neck cancer. J Otolaryngol Head Neck Surg 2011 Dec,
40(6):468–72.
21. Goyal P, Hsu JM, Kellman RM: Effect of 18F-fluorodeoxyglucose positron
emission tomography on the management of patients with head and
neck squamous cell carcinoma. J Otolaryngol Head Neck Surg 2008,
37:694–9.

Xu et al. Journal of Otolaryngology - Head and Neck Surgery 2013, 42:36
http://www.journalotohns.com/content/42/1/36

Page 6 of 6

22. Smith EM, Rubenstein LM, Haugen TH, et al: Tobacco and alcohol use
increases the risk of both HPV-associated and HPV-independent head
and neck cancers. Cancer Causes Control 2010, 21:1369–78.
23. Pannone G, Rodolico V, Santoro A, et al: Evaluation of combined triple
method to detecet causative HPV in oral and oropharyngeal squamous
cell carcinomas: p16 immunohistochemistry, consensus PCR HPV-DNA,
and in situ hybridization. Infect Agent Cancer 2012, 7(1):4.
doi:10.1186/1916-0216-42-36
Cite this article as: Xu et al.: HPV Status and second primary tumours in
Oropharyngeal Squamous Cell Carcinoma. Journal of Otolaryngology Head and Neck Surgery 2013 42:36.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

