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Abstract

Objectives: Human papillomavirus (HPV) is a risk factor for head and neck squamous cell

carcinoma (HNSCC), which is currently increasing worldwide. We evaluated the prevalence of

HPV DNA and p16 expression in HNSCC patients age <45 years compared with patients aged

�45 years.

Methods: Thirty-nine patients aged <45 years who presented at Besançon University Hospital

with HNSCC since 2005 were included in this retrospective study. HPV DNA was detected by

HPV genotyping and p16 expression was determined by immunohistochemistry using paraffin-

embedded tissues. A matched-group of 38 patients aged �45 years from Besançon University

Hospital was included.

Results: The overall prevalence of HPV infection was 11.7%. HPV16 was the only genotype

detected in 4/39 and 5/38 patients, and p16 was expressed in 6/39 and 4/38 patients aged <45

years and �45 years, respectively.
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Conclusions: HPV-positivity and p16 expression were similar in both age groups. The results

suggest that p16 immunohistochemistry may provide a prognosis biomarker for all HNSCCs, not

only oropharyngeal cancers, and this should be addressed in large clinical trials.
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Introduction

More than 90% of all head and neck cancers

are squamous cell carcinomas (SCCs), and

head and neck SCCs (HNSCCs) constitute

approximately 4% of all cancers, with more

than 800,000 new cases diagnosed each year

worldwide.1 HNSCC arises in various ana-

tomical sites, including the oral cavity, oro-

pharynx, hypopharynx, and larynx, and

mainly affects men in their fifth and sixth

decades of life. However, the incidence of

these tumors has tended to increase in devel-

oping countries since the 1980s,2,3 especially

in patients <45 years old.4–6

Universally, the main risk factors for

HNSCC remain tobacco exposure (either

smoking or chewing tobacco) and, to a

lesser extent, alcohol consumption. In 2007,

the International Agency for Research on

Cancer also recognized an increasing inci-

dence of high-risk human papillomavirus

(hrHPV)-associated HNSCC, and de

Martel and collaborators estimated that

HPV was present in approximately 7% of

all HNSCCs worldwide and was responsible

for 30% of oropharyngeal SCCs (OPSCCs)

and 2.2% and 2.4% of oral cavity and laryn-

geal cancers, respectively.7 HPV16 accounts

for most (85%) HPVþ HNSCCs.7 HPV-

associated HNSCC are also more frequent

in younger individuals, associated with an

increased number of oral-sex partners and

minimal or no exposure to tobacco.8,9

HPV-related and HPV-unrelated

HNSCCs present with different molecular

carcinogenic pathways10 and show different

treatment responses,8,11 and patients with

HPV-related OPSCC having better survival

than those with HPV-unrelated tumors.12,13

Consequently, the 2017 World Health

Organization (WHO) Classification of

Head and Neck Tumors included a new

chapter on OPSCC related to HPV.14 The

better outcome of HPV-associated HNSCC

raises the issue of how best to distinguish

between HPV- and non-HPV-associated

SCCs.15 However, there is currently no con-

sensus regarding the optimal method of

detection of HPV,15 involving in situ

hybridization to detect HPV DNA or

RNA, HPV polymerase chain reaction

(PCR) assays, reverse transcription-PCR,

DNA/RNA microarrays, and immunohis-

tochemical detection of p16.16 The WHO

recently defined diffuse cytoplasmic and

nuclear immunoreactivity for p16 as a reli-

able surrogate marker for the presence of

hrHPV in OPSCC.14 The College of

American Pathologists also recommends

that pathologists test for hrHPV by p16

immunohistochemistry in all cases diag-

nosed as OPSCC.17 However, although

the scoring system for defining p16 expres-

sion is well established in OPSCC,13 this is

not the case for non-OPSCC.
Given that the epidemiology of HNSCC

is changing, with an ever-increasing
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incidence in young patients, it is important
to conduct bioclinical studies in this popu-
lation. The present study thus aimed to
evaluate and compared the prevalence of
HPV DNA and p16 expression in young
(<45 years) and old (�45 years) patients
with HNSCC.

Materials and methods

The reporting of this study conformed to
the REMARK statement.18

Patients

This retrospective study included all
patients aged <45 years who were diagnosed
with HNSCC and treated at the
Otorhinolaryngology Department of the
University Hospital of Besançon from
January 2005 to June 2018. Oropharyngeal
cancers were localized at the base of the
tongue, the tonsils, and included one patients
with regional lymph node metastasis of an
unknown primary.19 Non-oropharyngeal can-
cers were localized at the mobile tongue, floor
of mouth, retromolar trigone, and larynx.
Patients with cancer of the nasopharynx, sal-
ivary glands, parotid glands, nasal cavity,
middle ear, or sinus, and patients with non-
SCC of the head and neck were excluded.

Information on patient characteristics
and treatment methods were collected.
Clinicopathologic data, including age at
diagnosis, sex, tobacco and alcohol con-
sumption, histopathological data, WHO
performance status, tumor size, nodal
stage, metastases, and anatomic site (oro-
pharynx vs. other) were obtained by review-
ing medical records. Data on the number of

sexual partners were not available. All
patient details were de-identified.

The age threshold for defining young
and old patients was set at 45 years.
Patients aged <45 years were compared
with a matched group of patients aged
�45 years (from University Hospital of

Besançon), according to tumor location,
except for one patient aged <45 years
with regional lymph node metastasis of an
unknown primary, for whom no matched
patient aged �45 years could be retrieved
from the medical records.

Archival formalin-fixed paraffin-embed-
ded (FFPE) tumor samples consisting of
core biopsies or resections were provided
by the regional biobank of Franche-Comt�e.

DNA extraction

DNA was extracted from FFPE tissue sec-
tions using a QIAamp DNA FFPE Tissue
KitVR (Qiagen, Courtaboeuf, France)
according to the manufacturer’s instruc-
tions. Briefly, the paraffin was dissolved in
xylene and samples were digested by pro-
teinase K at 56�C overnight in ATL
buffer. The lysates were then filtered
through the columns provided in the kit,
and DNA was eluted using 100 mL of elu-
tion solution and was quantified by
spectrophotometry.

HPV DNA testing

HPV genotyping was performed using an
INNO-LiPAVR HPV Genotyping Extra II
assay (Fujirebio, Gent, Belgium), which
allowed the identification of 32 different
HPV genotypes based on PCR amplifica-
tion followed by reverse hybridization.
The amplicons were genotyped by hybridi-
zation to HPV type-specific oligonucleotide
probes targeting the HPV L1 gene, and
detected by alkaline-streptavidin conjuga-
tion and colorimetric analysis, according
to the manufacturer’s instructions. The
strips were scanned and interpreted using
Line Reader and Analysis Software
(LiRASVR ) (Fujirebio).

Immunohistochemical detection of p16

Immunohistochemical detection of p16 was
performed using 3-mm FFPE tissue sections,

Molimard et al. 3



with the monoclonal antibody clone E6H4

(Roche Diagnostics, Meylan, France) and a

Benchmark automated system (Roche

Diagnostics, Meylan, France), following

the manufacturer’s instructions. According

to the guidelines from the College of

American Pathologists, p16 was defined as

positive when �70% of tumor cells showed

diffuse and strong cytoplasmic and nuclear

staining17 (Figure 1). Staining in the cyto-

plasm alone, diffuse but weak staining,

and/or focal/patchy staining were scored as

negative.

Statistical analysis

Differences between the two age groups

were evaluated by v2 test, Yates correction,

and Fisher’s test. Concordance between

HPV test presence/absence and p16 expres-

sion results was assessed by kappa score.

All tests were two-tailed and the statistical

significance threshold was set as P<0.05.

Statistical analysis was performed using R

software version 3.5.1 (https://www.r-proj

ect.org) with the Survival Analysis package

version 2.42-6.

Ethics

The regional biobank of Franche-Comt�e,

France (registration number BB-0033-

00024, Tumoroth�eque R�egionale de

Franche-Comt�e) ensured that all patients

provided written informed consent.

The project was approved by the

scientific board of the biobank on 20

October 2018.

Figure 1. Immunostaining for p16. (a) Oral tongue squamous cell carcinoma with keratinization (hema-
toxylin and eosin (HE) �100); (b) lack of p16 expression in tumor cells (immunohistochemistry �100). (c)
Regional lymph node metastasis of unknown primary, with non-keratinizing squamous cell carcinoma (HE
�100); (d) expression of p16 in tumor cells indicated by diffuse nuclear and strong cytoplasmic staining
(immunohistochemistry �100).
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Results

Patient characteristics

The sociodemographic and clinicopatho-

logic characteristics of the patients are

shown in Table 1. There were 39 patients

aged <45 years and 38 aged �45 years.

The overall male to female ratio was 0.97

(0.95 for younger patients and 1.1 for older

patients). Data on tobacco and alcohol con-

sumption were available for 70 and 68

patients, respectively, but there was no dif-

ference in tobacco or alcohol consumption

between the two groups.
Most patients had non-OPSCC (79%).

There were no significant differences in T

and N classifications between the groups,

but older patients had a significantly

worse WHO performance status than youn-

ger patients (P¼0.004). There was no differ-

ence in the treatments received by patients

in the two age groups.
Regarding the histopathological charac-

teristics of the tumors, keratinizing carcino-

ma, well-differentiated carcinoma, positive

margins, perineural invasion, and vascular

invasion occurred in 82% vs. 89%, 54% vs.

42%, 35% vs. 16%, 20.5% vs. 10.5%, and

20.5% vs. 13% of younger and older

patients, respectively.

HPV status and p16 expression

The overall prevalence of HPV infection

was 11.7%. HPV DNA was detected in 4

of 39 (10.2%) tumors in patients aged <45

years and in 5 of 38 (13.1%) tumors in

patients aged �45 years. Genotyping

revealed that HPV16 was the only genotype

in positive cases. Among the nine HPV16þ
cases, six patients (66.7%) had oropharyn-

geal tumors, two (22.3%) had oral cavity

tumors, and one (11.1%) had a laryngeal

tumor (Table 1). HPV-positivity was signif-

icantly associated with oropharyngeal com-

pared with non-oropharyngeal tumors

(P¼0.002). Tobacco and alcohol consump-
tion were similar between patients with
HPVþ and HPV� tumors.

Ten patients were positive for p16,
including six younger and four older
patients. Five p16þ cases corresponded to
oropharyngeal tumors (50%) and five to
oral cavity tumors (50%) (Table 2). There
was no significant correlation between p16
expression and anatomical site.

Five tumors were HPV16þ/p16þ, four
were HPV16þ/p16�, and five were
HPV16�/p16þ. Given that p16 expression
represents a surrogate marker of HPV
infection, we calculated the agreement
between HPV presence/absence and p16
detection, and showed a concordance of
88.3%. The kappa score was 0.46, indicat-
ing moderate agreement according to the
Landis–Koch reference value. The detailed
characteristics of the HPV16/p16-
concordant and non-concordant cases are
presented in Table 3.

Finally, the proportion of HPVþ sam-
ples in this small series of HNSCC
increased from 7% (2/30) in 2005 to 2011
to 15% (7/47) in 2012 to 2018.

Discussion

We conducted a retrospective study includ-
ing 39 patients aged <45 years and a
matched group of 38 patients aged �45
years with HNSCC treated at our
University Hospital over a period of 13
years. There is currently no consensus in
the literature regarding the threshold for
differentiating between young and old
patients, with previous authors using
either 40 or 45 years;6,20–22 We therefore
chose 45 years as the age threshold to
define young and old patients.

HPV DNA was detected in 11.7% of
HNSCCs in the present study, and HPV16
was the only genotype detected. This low
prevalence may be explained by the locali-
zation of the tumors, which were mostly in

Molimard et al. 5



Table 1. Sociodemographic and clinicopathologic characteristics of patients with head and neck squamous
cell carcinoma.

Characteristic

Age <45 years Age �45 years

P-value(n¼ 39) (n¼ 38)

Age, years

Median 39 65.3

Range 25–44 48–85

Sex

Male 19 20 0.731

Female 20 18

Tobacco consumption

No 7 7 0.904

Yes 29 27

Unknown 3 4

Alcohol consumption

No 17 12 0.418

Yes 19 20

Unknown 3 6

WHO Performance status

0 27 12 0.004

1 10 17

2–3 2 8

Unknown 0 1

T classification

1 7 5 0.178

2 11 16

3 9 3

4 10 14

Unknown 2 0

N classification

0 11 14 0.464

1–3 27 24

Unknown 1 0

M classification

0 28 33 not evaluable

1 0 0

Unknown 11 5

Anatomic site

Oropharyngeal 8 8 0.953

Non-oropharyngeal 31 30

Treatment

Surgery 9 13 0.279

Chemotherapy and/or radiotherapy 15 12 0.527

Surgeryþ adjuvant treatment 15 11 0.377

No treatment 0 2 0.240

HPV status

HPV16þ 4 5 0.967

HPV16� 35 33

p16 expression

p16þ 6 4 0.768

p16� 33 34

HPV, human papillomavirus, WHO, World Health Organization.
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the oral cavity (79% of cases). The distribu-
tion of HPVþ tumors has accordingly been
previously associated with specific anatom-
ic sites in the head and neck and geographic
regions.23 In addition, HPV16 is the most
common HPV type in these tumors world-
wide.23 The overall HPV prevalence in
Europe is 41.4% for oropharyngeal

cancers, 17.5% for oral cavity cancers,
and 20.9% for laryngeal cancers;23

However, the prevalence in France is
lower, including 34% of HPVþ oropharyn-
geal cancers and 4% of HPVþ oral cavity
and laryngeal cancers.24 In the current
study, HPV DNA was detected in 5% of
non-oropharyngeal tumors and 37.5% of

Table 3. Clinicopathological characteristics of HPV/p16 concordant and non-concordant cases.

Case

HPV

status

p16

staining

Anatomic

site

Age

(years) Sex

Tobacco

consumption

Alcohol

consumption

Year of

diagnosis

# 1 þ þ Base of tongue 44 F Yes No 2014

# 2 þ þ Tonsil 43 M Yes Yes 2009

# 3 þ þ RLNMUP 43 F Yes No 2014

# 8 þ þ Tonsil 67 F No No 2015

# 9 þ þ Tonsil 53 M Yes Yes 2015

# 4 þ � Larynx 32 M Yes No 2016

# 10 þ � Floor of mouth 52 M NA NA 2011

# 11 þ � Mobile tongue 64 F No No 2014

# 12 þ � Tonsil 63 M No No 2014

# 5 � þ Mobile tongue 28 M No No 2015

# 6 � þ Mobile tongue 44 M Yes Yes 2014

# 7 � þ Floor of mouth 40 M Yes No 2013

# 13 � þ Floor of mouth 65 M Yes Yes 2012

# 14 � þ Mobile tongue 70 F No No 2016

HPV, human papillomavirus; F, female; M, male; NA, not available; RLNMUP: regional lymph node metastasis of unknown

primary.

Table 2. Number of HPV16þ and p16þ tumors according to patient age group and localization.

Tumor location

Age <45 years Age �45 years

n¼ 39 HPV16 p16 n¼ 38 HPV16 p16

Oropharynx

Tonsil 7 1 1 7 3 2

Base of tongue 1 1 1 1 0 0

Regional lymph node metastasis

of unknown primary

1 1 1 0 0 0

Non-oropharynx

Mobile tongue 17 0 2 14 1 1

Floor of mouth 6 0 1 8 1 1

Retromolar trigone 3 0 0 2 0 0

Larynx 5 1 0 6 0 0

HPV, human papillomavirus.

Molimard et al. 7



oropharyngeal tumors, in line with the
French data.24,25 It has been postulated
that HPV would be more prevalent in youn-
ger patients or in patients with less exposure
to other known carcinogens, such as tobac-
co smoke or ethanol;26 however, we found
no difference in age at diagnosis or sex
between HPVþ and HPV� patients. The
clinicopathologic characteristics were also
similar in both age groups, except for
WHO performance status, which was sig-
nificantly better in younger patients, as
expected.27 The current study found no dif-
ference in tobacco and alcohol consump-
tion, as the two major risk factors for
HNSCC development,26 between the two
groups of patients. However, tobacco
(number of cumulative pack-years) and
alcohol (quantity, frequency) consumption
were not quantified in the medical records,
and we therefore cannot exclude the possi-
bility that the older patients had longer/
higher exposures to tobacco and alcohol
than the younger patients.26

In this study, the proportion of HPVþ
tumors increased approximately two-fold
after 2011, in line with previous observa-
tions.28,29 However, this result must be
interpreted cautiously because of the small
number of HPVþ cases in this small series.

The cellular tumor suppressor protein
p16INK4a (p16) has been identified as a bio-
marker for transforming HPV infections.30

In addition, p16 immunostaining has previ-
ously been assessed as a method for improv-
ing the interpretation of cervical lesions,
triaging women with atypical squamous
cell cytology of undetermined significance
or low-grade squamous intraepithelial
lesions, and for increasing the specificity of
HPV testing.31 Overexpression of p16 has
been widely accepted as a surrogate marker
for HPV-positivity in OPSCC.32 In the pre-
sent study, positive p16 immunostaining
(defined by the College of American
Pathologists17) was observed in 13% of
HNSCCs, with an overall concordance of

88.3% between HPV detection and p16
expression in the analyzed samples. This
high concordance was consistent with the
findings of a meta-analysis by Albers et al.,
which showed a concordance of 86%.33

However, Cohen’s kappa coefficient only
revealed a moderate agreement in the cur-
rent study, possibly because of the high
number of HPV�/p16� samples and the
small number of HPVþ and/or p16þ sam-
ples. Interestingly, the five HPVþ/p16þ
cases had tumors in the oropharynx, which
were caused by HPV.34 Indeed, p16-
positivity in this case is considered as a
good marker of transcriptionally active
HPV in oropharyngeal carcinogenesis.35 In
contrast, all but one HPV�/p16þ and one
HPVþ/p16� case were non-oropharyngeal
tumors, for which the role of HPV infection
in the carcinogenic process remains ques-
tionable, especially in HPVþ/p16� cases.

Although HPV-related HNSCCs are
associated with a better prognosis than
HPV-unrelated HNSCCs, there is no con-
sensus on the routine methods that should
be used to identify HPV-induced
HNSCC,15 or if HPV-based tests are more
relevant than p16 staining.36 Detection of
HPV E6 and E7 mRNA by reverse
transcriptase-PCR is currently considered
to be the reference test for detecting tran-
scriptionally active hrHPV infection.15

However, although the INNO-LiPA assay
allows the detection of HPV DNA, it pro-
vides information about the virus presence
but not about the infection state.15 HPV
DNA-positivity may thus be less clinically
valuable for identifying HPV-related
HNSCC compared with E6/E7 oncogene
mRNA, which stimulates cancerous lesion
development.15,37 Nevertheless, Mena and
collaborators34 proposed that double posi-
tivity for HPV DNA and p16 was the opti-
mal prognostic biomarker for HNSCC in
clinical practice.

A preliminary analysis showed that
younger patients with p16þ or HPVþ

8 Journal of International Medical Research



HNSCC tended to have a better prognosis
in terms of overall and progression-free sur-
vival compared with patients with p16� or
HPV� HNSCC (data not shown). This
observation is consistent with the validation
of p16 as a biomarker of good prognosis in
OPSCC,17 and to a lesser extent in non-
OPSCC.38–40

This study had some limitations. First, it
included a small series of patients from a
single center, and this cohort may not be
representative of French patients presenting
with HNSCC overall. Second, this was a
retrospective study, and follow-up of pro-
spectively recruited patients would increase
the robustness of this preliminary observa-
tion. In addition, further large clinical stud-
ies are needed, especially in patients <45
years, to determine if these biomarkers
have a prognostic value regardless of the
tumor location.

This study found no difference in HPV/
p16 prevalence in HNSCC tumors between
old and young patients. However, the high
sensitivity of p16 immunostaining means
that it would be interesting to extend its
use for the clinical management of all
HNSCCs (OPSCC and non-OPSCC), with
subsequent confirmation of the viral etiolo-
gy by the detection of HPV DNA.
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