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Abstract The aim of the study was to investigate the role of
high-risk human papillomavirus (HR-HPV) infection in the
etiopathogenesis of oral (OSCC) and oropharyngeal
(OPSCC) squamous cell carcinoma in non-smoking and
non-drinking patients (NSNDP). Twenty-four OSCCs and
22 OPSCCs were analyzed by immunohistochemistry for
p16INK4a protein (p16) expression and by chromogene in situ
hybridization (CISH) and polymerase chain reaction (PCR)
for HR-HPV DNA presence. The series included 23 males
and 23 females aged 35–93 years. p16 expression was seen
in 7 out of 24 (29%) OSCCs and in 22 out of 22 (100%)
OPSCCs. Using CISH, HR-HPV DNAwas observed in 6 out
of 24 (25%) OSCCs and in 21 out of 22 (95%) OPSCCs. HPV
DNAwas found in 3 out of 24 (13%) OSCCs and in 18 out of
22 (82%) OPSCCs using PCR. HPV 16 and 33 were detected
in 16 and in two cases, respectively. Compared with OSCCs,

OPSCCs more frequently showed basaloid morphology (p<
0.0001), lymph node involvement (p=0.0063), diffuse p16
expression (p<0.0001), HR-HPV DNA presence using both
CISH and PCR (p<0.0001; p<0.0001), and better outcome.
The sensitivity and specificity of p16 expression for HR-
HPV DNA presence detected by CISH were 0.89 and 0.95,
respectively, and 0.95 and 0.85 for PCR detected HPV
DNA. The sensitivity and specificity of CISH for PCR
detected presence of HPV DNA were 1.00 and 0.73,
respectively. Our study is the first larger study analyzing
OSCC and OPSCC in NSNDP. Our results indicate that
unlike OSCC, a vast majority of OPSCCs may be associated
with HR-HPV infection.
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Introduction

Squamous cell carcinomas (SCCs) are the most common
malignancies in the head and neck area. Traditionally,
they are associated with smoking and alcohol abuse,
which still represent important risk factors. Since the
1980s, however, evidence has been emerging, suggesting
that a subset of oropharyngeal SCCs (OPSCCs), in
contrast to oral SCCs (OSCCs), is associated with oral
high-risk human papillomavirus (HR-HPV) infection [1].
The prevalence of HPV-positive head and neck SCCs
(HNSCCs) shows considerable regional variation. In the
last decade, at least 20 studies on this topic were
published, reporting a prevalence range of HPV-positive
HNSCC as wide as 0% to 93% [2]. In a multicentre case–
control study organized by the International Agency for
Research on Cancer, a total of 70% of HNSCCs were
shown to harbor HPV DNA, with HPV 16 being the most
commonly observed type [3].

HPV-positive and HPV-negative HNSCCs seem to be
separate clinicopathologic entities. The former occur in
younger patients without sex predilection; show poorly
differentiated and/or basaloid morphology; display minimal
p53, cyclin D1, and epidermal growth factor receptor
expression; and feature good prognosis despite frequent
regional lymph node metastases. The reverse is true for
HPV-negative HNSCCs in most cases [4].

The incidence of HPV-positive HNSCCs is increasing
worldwide. A recent study from Sweden reports that 23%
of tonsillar carcinomas were HPV positive in the 1970s
whereas there was up to 93% positivity in 2006–2007
[5].

Because of the considerable regional prevalence
differences and lack of large studies focused on patients
without personal history of classic risk factors for
HNSCC, we investigated HPV status and other clinico-
pathologic characteristics in a group of non-smoking and
non-drinking patients with oral and oropharyngeal SCC
in the Czech Republic using three different detection
methods, with the aim to clarify the etiopathogenesis of
HNSCCs in this patients’ cohort. Furthermore, we
compared selected clinicopathological parameters of the
patients and/or tumors with particular regard to the
anatomic localization and HPV status of the tumors.

Material and methods

An institutional computer search revealed a total of 289
OSCCs and 214 OPSCCs diagnosed between 2000 and
2009 at The Fingerland Department of Pathology, Faculty
Hospital, Hradec Kralove, Czech Republic in patients who
had undergone surgical resection of these lesions. To

eliminate the role of actinic damage, SCCs of lips were
excluded from the search.

Twenty-four out of 289 (8%) of the patients with OSCC
and 22 out of 214 (10%) of the patients with OPSCC had
no personal history of either smoking or chronic alcohol
abuse. These cases were the subject of this study. Ethical
approval was obtained from the Ethics Committee, Faculty
Hospital Hradec Kralove.

For every patient, gender and age were recorded. Tumors
occurring in the oral vestibulum, on the cheek, hard palate,
floor of mouth, gingival/alveolar mucosa, and on the
anterior tongue (the first 2/3 of the tongue) were classified
as OSCCs, whereas OPSCCs included tumors of the root of
tongue, palatine tonsils and arches, soft palate, and the
posterior wall of the oropharynx [6]. In every case, tumor
size (“pT” category), presence of microscopically con-
firmed regional lymph node metastases (“pN” category),
and presence of distant metastases (“cM” category) were
recorded. Histologic subtypes of SCC (“conventional”,
verrucous, basaloid, papillary, spindle cell, acantholytic,
adenosquamous, and carcinoma cuniculatum) and differen-
tiation grade in cases of “conventional” SCC were recorded
according to the current WHO classification of head and
neck tumors [6]. Pathologic staging was done from the
material from radical tumor resection with neck lymph node
dissection at the time of presentation according to current
TNM classification [7]. As controls, we examined 10
fibromas from various parts of oral cavity covered by
normal squamous epithelium and 10 tonsils with chronic
tonsillitis. The control lesions were obtained from gender-
and age-matched patients.

During the follow-up period, data on local, regional, and
locoregional recurrence; on occurrence of distant metasta-
ses; on development of other metachronous malignant
tumors; and on tumor-associated death were recorded.
After resection, the specimens were immediately fixed in
10% formalin, routinely processed, embedded in paraffin,
and stained with hematoxylin–eosin. Paraffin blocks for
further analysis were available in all cases.

For immunohistochemical detection of p16INK4a protein
(p16), the CINtec® Histology Kit (mtm laboratories AG,
Heidelberg, Germany) was used according to the manufac-
turer’s manual. Samples of cervical intraepithelial lesion
grade III were used as positive controls. Control slides
provided by the manufacturer were used as negative
controls. Brown staining of tumor cell nuclei and/or
cytoplasm was interpreted as positive. The p16 immunos-
taining was scored according to criteria set out in our
previous study [8] as follows: 0 absent, + 1–5% tumor cells
stained, ++ 6–20% tumor cells stained, +++ 21–50% tumor
cells stained, and ++++ 51–100% tumor cells stained.

In addition, the samples were examined using molecular
genetic methods. First, HR-HPV DNA detection was
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performed by chromogene in situ hybridization (CISH)
using the GenPoint™ HPV biotinylated DNA probe (Dako,
Glostrup, Denmark), which detects 13 HR-HPV types,
namely 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and
68, according to the manufacturer’s manual. Briefly, after
sample preparation, the DNA probe was added and
denaturated by placing the slides on a heating block at
92°C for 5 min. Following denaturation, the slides were
transferred to a humid chamber for hybridization at 37°C
for 18 h. Then, detection of the hybridized probe was
performed using the Genpoint™ Detection System (Dako)
according to the kit instructions using primary streptavidin-
horseradish peroxidase (HRP; dilution 1:100), biotinyl
tyramide, and secondary streptavidin-HRP. Finally, DAB
was used as chromogene. Samples of cervical intraepithelial
lesion grade III were used as positive controls. The correct
performance of the staining procedure was checked using
Positive Control (Human DNA) Biotinylated DNA Probe
and Negative Control (Plasmid DNA) Biotinylated DNA
Probe (Dako) instead of GenPoint™ HPV Biotinylated
DNA Probe. Only the brown signals from tumor cell nuclei
were interpreted as positive. The CISH results were scored
according to our previous study [8] as follows: 0 absent, +
1–5% epithelial cells stained, and ++ >5% epithelial cells
stained.

HPV DNA detection was then performed by polymerase
chain reaction (PCR) as follows: HPV DNA was extracted
from paraffin-embedded tissue after deparaffinization in
xylene and rehydration in ethanol using the commercial
QIAamp DNA FFPE Tissue Kit (Qiagen GmBH, Hilden,
Germany) according to the manufacturer’s protocol. PCR
amplification of β-globin sequences was performed to
confirm sample fitness for PCR assay. All samples were
screened for presence of HPV DNA by PCR amplification
with primers GP5+/GP6+ located within the HPV L1 gene.
The sequences of the forward and reverse primers used
were 5′-TTTGTTACTGTGGTAGATACTAC-3′ (GP5+)
and 5′-GAAAAATAAACTGTAAATCATATT-3′ (GP6+).
PCR reaction was performed in a volume of 25 μL,
containing 25 mM MgCl2, 2.5 mM of each dNTP, 2.5 U of
Takara Taq polymerase (Takara Bio Inc., Shiga, Japan),
100 pmol of each primer (GP5+/GP6+), and 2 μL of HPV
DNA at various dilutions. The PCR protocol was then
carried out with an initial denaturation at 95°C for 10 min,
followed by 40 cycles of denaturation at 95°C for 30 s,
annealing at 55°C for 60 s, and extension at 72°C for 45 s.
Amplified products were run on 2% agarose gel and stained
with ethidium bromide for size verification.

Samples showing HPV DNA presence by the above-
mentioned procedure were subsequently analyzed by Linear
Array HPV Genotyping Test (Roche, Basel, Switzerland).
The manufacturer’s protocol was modified to adapt the test
for use on paraffin-embedded tissue according to Siriaunkgul

et al. [9]. The test involves three steps: PCR amplification of
target DNA, nucleic acid hybridization, and detection of 37
HPV types, specifically 6, 11, 16, 18, 26, 31, 33, 35, 39, 40,
42, 45, 51, 52, 53, 54, 55, 56, 58, 59, 61, 62, 64, 66, 67, 68,
69, 70, 71, 72, 73 (MM9), 81, 82 (MM4), 83 (MM7), 84
(MM8), IS39, and CP6108. PCR was performed in a total
volume of 100 μL containing 50 μL of the manufacturer’s
master mix and 50 μL of GP5+/GP6+ PCR product. The
amplification program consisted of 2 min at 50°C and 9 min
at 95°C, followed by 40 cycles of 30 s at 50°C, of 1 min at
55°C, and of 1 min at 72°C, with a final extension at 72°C
for 5 min. The PCR product was denaturated with
denaturation solution and hybridized on to a strip
containing specific probes for the 37 above-mentioned
HPV types and β-globin reference lines. Detection was
carried out using streptavidin-HRP and 0.1% tetramethyl-
benzidine as a chromogen. Positive reaction was visible as a
blue line on the strip.

Statistical analysis using NCSS 2007 program, chi-squared
test, Fisher’s exact test, and two-sample t test was performed.
Differences were considered statistically significant at p<0.05.

Results

The study sample consisted of 23 male and 23 female
patients aged 35–93 years (mean 63±15 years; median
61 years). The clinicopathological data of the patients are
shown in Table 1. None of the patients had a personal
history of any precancerous disorder for OSCC or
OPSCC, namely oral lichen planus, oral submucous
fibrosis, and proliferative verrucous leukoplakia. The
follow-up information was available in 44 out of 46
(96%) patients and ranged from 7 to 168 months (median
41 months). Twenty-eight patients underwent adjuvant
radiotherapy only, 14 patients underwent adjuvant che-
moradiotherapy, and two patients underwent adjuvant
chemotherapy only. Among the OSCC patients, 9 out of
22 (41%) developed local, 10 out of 22 (46%) regional,
and 12 out of 22 (55%) locoregional recurrences; 1 out
of 22 (5%) patient developed distant metastases in
skeleton; 5 out of 22 (23%) patients developed other
metachronous malignancies (SCC of tongue, SCC of
larynx, colonic adenocarcinoma, chronic B-lymphocytic
leukemia/small cell lymphoma, and Langerhans cell
histiocytosis each); and 16 out of 22 (73%) patients died
due to OSCC. Among the OPSCC patients, 3 out of 22
(14%) developed local, 1 out of 22 (5%) regional, and 4
out of 22 (18%) locoregional recurrences; 2 out of 22
(9%) patients developed distant metastases in skeleton
and in liver each; 3 out of 22 (14%) patients developed
other metachronous malignancies (SCC of lung, neuro-
endocrine carcinoma of pancreas and chronic B-
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lymphocytic leukemia/small cell lymphoma each); and 7
out of 22 (32%) patients died due to OPSCC.

The 24 OSCC cases included SCCs of the anterior
tongue (4× left, 4× right), cheek (4× left, 2× right),
gingival/alveolar mucosa (3× lower left, 1× upper left, 1×
lower right), floor of mouth (1× left, 2× right), and the hard
palate (2× left). The 22 OPSCC cases comprised SCCs of
the tonsils (9× left, 8× right) and of the root of the tongue
(3× left, 2× right).

The staging characteristics of the tumors are shown in
Table 1. No tumor in the “pT4b” category was seen.
Among the OSCCs, most tumors were advanced at
presentation being classed as “pT4a” (8 out of 24), whereas
the most common tumor size category of OPSCC was
“pT2”, seen in 12 out of 22 cases. Regional lymph node
metastases were found in 17 out of 22 of OPSCCs while the
majority of OSCCs displayed no dissemination (16 out of
24 cases). All tumors characterized as “pN2” were actually
“pN2b” except for one tonsillar tumor which featured
“pN2c” status. No “pN2a” carcinoma was found. Distant
metastases were not detected in any of the cases using
imaging methods (“cM0”).

Microscopically, apart from one tumor of the floor of
mouth which was classified as a spindle cell variant, all the
cases of OSCCs were classified as “conventional” SCC.
The “conventional” OSCCs were moderately differentiated
in 17 out of 24 cases (Fig. 1a). Five of the tumors were
graded as well differentiated and one as poorly differenti-
ated. No tumor from the OSCC group featured basaloid
morphology. Almost all OPSCCs showed basaloid mor-
phology with pushing borders, frequent peripheral palisad-
ing of dark tumor cells, and common central comedo-like
necroses (Fig. 2a). Only one tumor of right tonsil showed
different morphological features and was classified as a
moderately differentiated “conventional” SCC. The micro-

scopic appearance of regional lymph node metastases
followed that of the primary tumor in all cases.

The results of p16 expression and of HPV DNA
presence, the latter detected using both CISH and PCR,
are summarized in Table 2. p16 expression was detected
in 7 out of 24 (29%) OSCCs and in 22 out of 22 (100%)
OPSCCs. In OSCCs, the expression was usually weak and
limited to less than 5% of tumor cells (four out of seven
cases). Only one tumor of the anterior tongue was scored
as +++, with 30% positive tumor cells (Fig. 1b). The p16-
positive tumor cells appeared to be more frequently seen
in the superficial portion of the tumors and at the
periphery of the tumor nests. On the contrary, all the
OPSCCs showed almost always strong diffuse p16
expression throughout the tumor tissue (Fig. 2b). Variable
p16 expression was seen in dysplastic squamous epithe-
lium adjacent to p16-positive invasive SCC in both
groups. In the control group, isolated weakly p16-
positive cells within non-dysplastic squamous epithelium
were found in 3 out of 10 oral fibromas and in 2 out of
10 tonsils with chronic tonsillitis.

Using CISH, HR-HPV DNAwas observed in 6 out of 24
(25%) OSCCs (Fig. 3) and in 21 out of 22 (95%) OPSCCs
(Fig. 4). The distribution pattern of CISH positivity
generally followed that of p16 expression in tumors in
both groups. Positive CISH signals were seen as variably
sized brown dots within the nuclei of neoplastic cells or as
diffuse brown nuclear staining. All controls were uniformly
CISH negative.

Using PCR, HPV DNA was found in 3 out of 24 (13%)
OSCCs and in 18 out of 22 (82%) OPSCCs. Subsequent
HPV typization was successful in 18 out of 21 cases. HPV
16 was the predominant type, detected in 16 cases (11×
tonsil, 3× root of tongue, 1× anterior tongue, and 1×
gingiva). Two tonsillar SCCs showed the presence of HPV

Table 1 Clinicopathological data of patients and staging status of tumors

Tumor localization Gender Age (years; M=SD) pT pN

Male Female T1 T2 T3 T4 N0 N1 N2 N3

OSCC (n=24) 10 14 66±15 6 6 4 8 16 3 5 0

Anterior tongue 3 5 3 3 1 1 6 2 0 0

Cheek 3 3 2 0 1 3 2 0 4 0

Gingiva 1 4 1 3 0 1 4 0 1 0

Floor of mouth 3 0 0 0 2 1 2 1 0 0

Hard palate 0 2 0 0 0 2 2 0 0 0

OPSCC (n=22) 13 9 60±9 1 12 5 4 5 4 11 2

Tonsil 10 7 0 10 5 2 4 3 10 0

Root of tongue 3 2 1 2 0 2 1 1 1 2

Total (n=46) 23 23 63±15 7 18 9 12 21 7 16 2

M mean, OSCC oral squamous cell carcinoma, OPSCC oropharyngeal squamous cell carcinoma, SD standard deviation
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33. No low-risk HPV types were found. No HPV co-infection
was observed.

There was no statistically significant difference regarding
the gender and age of patients and the “pT” tumor status
between OSCC and OPSCC groups. OSCCs frequently
showed “conventional” morphology whereas the basaloid
variant (p<0.0001) was the principal morphologic subtype of
OPSCCs. Furthermore, OPSCCs showed more frequent
regional lymph node involvement (p=0.003), more
frequent p16 expression (p<0.0001), and more frequent
HR-HPV DNA presence using both CISH and PCR (p<
0.0001; p<0.0001), when compared to OSCCs. For the
purpose of statistical analysis, “pN2b” and “pN2c”
subcategories were regarded as one “pN2” category.
Regarding the follow-up data, OPSCC patients experi-
enced less frequent local (p=0.042), regional (p=0.002),
and locoregional (p=0.030) tumor recurrences and tumor-
associated death (p=0.007). There were no significant
differences between OSCC and OPSCC patients regarding
distant metastases development and occurrence of meta-
chronous malignancies.

With regard to the HPV status assessed by PCR, the
HPV-positive SCCs occurred more frequently in oropharynx
(p<0.0001), displayed more frequently basaloid morphology
(p<0.0001), showed more frequent lymph node dissemina-
tion (p=0.006), and more frequent p16 expression (p<
0.0001), when compared to HPV-negative tumors. During
the follow-up period, the patients with HPV-positive SCCs
experienced less frequent regional recurrence (p=0.005),
when compared to the patients with HPV-negative tumors.
There were no significant differences between HPV-positive
and HPV-negative SCCs regarding the gender and age of the
patients, the “pT” tumor status, the frequency of both local
and locoregional recurrences, the development of distant
metastases, the occurrence of metachronous malignancies,
and the frequency of tumor-associated death.

The optimal sensitivity, specificity, positive predictive
value, and negative predictive value of p16 expression for
HR-HPV DNA presence were detected at positivity
threshold level “more than 20% positive tumor cells” and
were calculated 0.89, 0.95, 0.96, and 0.86 when compared
to CISH (CISH used as gold standard) and 0.95, 0.85, 0.83,

Fig. 1 a Moderately differenti-
ated “conventional” squamous
cell carcinoma of the anterior
part of the tongue (HE, ×200). b
Focal expression of p16 partic-
ularly in the superficial portion
of the tumor (×200). This figure
and Fig. 3 show identical case
with HPV 16 subsequently
detected by PCR

Fig. 2 a Basaloid squamous
cell carcinoma of the tonsil
(HE, ×200). b Diffuse expres-
sion of p16 in the deeper portion
of the tumor (×200). This figure
and Fig. 4 show identical case
with HPV 16 subsequently
detected by PCR
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and 0.96 when compared to PCR (PCR used as gold
standard). The optimal sensitivity, specificity, positive
predictive value, and negative predictive value of CISH
for HR-HPV DNA presence compared to PCR (when PCR
used as gold standard) were detected at positivity threshold
level of “any positive tumor cell” and were calculated 1.00,
0.73, 0.74, and 1.00. Calculated at the above-mentioned
levels of threshold, the correlation index between p16
expression and HR-HPV DNA presence detected by CISH
and PCR was 0.82 and 0.80, respectively. The correlation
index between CISH and PCR was 0.74.

Discussion

Nowadays, it is widely accepted that persistent HR-HPV
infection is the major cause of uterine cervix carcinoma,
HPV 16 and 18 being responsible for about 70% of these
tumors [10]. In addition, HR-HPVs have been shown to be
associated with a subset of vulvar, penile, and anal
carcinomas, as well [11]. The first study analyzing HPV
status in HNSCCs was published in 1983 by Syrjänen et al.

who suggested that HPV infection may be involved in the
development of a subset of these lesions [12]. Subsequently
in 1985, two series were published by de Villiers et al. [13]
and by Löning et al. [14] who both found HPV infection in
their cases of oropharyngeal cancer. Since that time, at least
30 studies on this topic were published in the English
literature providing good evidence that oral HPV infection
is an independent risk factor for HNSCCs [2,15]. The
precise proportion of HPV-positive HNSCCs, however,
varies considerably, ranging from 0% up to 93% [2]. This
discordance may be partially explained by true regional
differences in oral HPV infection prevalence probably
influenced by different sexual habits in particular cultures,
by precise anatomic localization of the tumors, and by
different detection methods used in the studies [16]. In a
multicentre case–control study on HNSCCs, 70% of tumors
harbor HPV DNA, with HPV 16 being most commonly
observed [3].

HPV-positive oral and oropharyngeal SCCs seem con-
stitute a distinct entity, different from HPV-negative tumors
[17]. They tend to occur in younger patients without sex
predilection. Up to 20% of these cancers develop in patients

Fig. 4 Dot-like nuclear signals of HR-HPV DNA detected by CISH
(×400). Inset: schematic drawing of dot-like nuclear CISH signal

Fig. 3 Diffuse nuclear signals of HR-HPV DNA detected by CISH
(×400). Inset: schematic drawing of diffuse nuclear CISH signal

Tumor localization p16 protein HPV DNA CISH HPV DNA PCR

0 + ++ +++ ++++ 0 + ++ 0 +

OSCC 17 4 2 1 0 18 4 2 21 3

Anterior tongue 6 1 0 1 0 6 1 1 7 1

Cheek 5 0 1 0 0 5 1 0 5 1

Gingiva 2 2 1 0 0 4 1 0 4 1

Floor of mouth 3 0 0 0 0 2 0 1 3 0

Hard palate 1 1 0 0 0 1 1 0 0 0

OPSCC 0 0 0 0 22 1 8 13 4 18

Tonsil 0 0 0 0 17 1 7 9 2 15

Root of tongue 0 0 0 0 5 0 1 4 2 3

Table 2 Results of p16 expres-
sion and HPV DNA presence in
tumors

CISH chromogene in situ
hybridization, OSCC oral
squamous cell carcinoma,
OPSCC oropharyngeal
squamous cell carcinoma, PCR
polymerase chain reaction
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without traditional risk factors, i.e., smoking and alcohol
abuse. Conversely, their risk factors include young age at first
intercourse, promiscuity, and history of genital warts in men
and number of sexual partners in women [18]. As positive
personal history of oral–genital and oral–anal sexual contact,
during which the HPV infection may be transmitted to the
oral cavity, increases the risk for HPV-positive HNSCCs,
they may be regarded as sexually transmitted disease [2]. It
is assumed that long-lasting oral HPV infection, which
prevalence increases after the onset of sexual activity,
precedes the development of HPV-positive HNSCC for
about 10 years [3]. In addition, these tumors seem to be
related to immunosuppression [17]. The influence of
smoking on HPV-positive HNSCCs is yet unclear, suggesting
either synergistic or additional effect [2].

Despite intensive research, larger studies analyzing
selective cohorts of non-smoking and non-drinking patients
with HNSCCs in detail are lacking. The results of previous
studies with these patients included are summarized in
Table 3 [19–32]. The number of examined cases is,
however, low, not exceeding 20 patients in most studies.
We found data on patients that were non-smokers and
concurrently non-drinkers in only three studies [19–21]. All
the other studies report either non-smokers or non-drinkers,
making interpretation of the results and correlation even
more difficult. The precise anatomic localization of the
patients’ tumors is also difficult to identify. The HPV DNA
detection rate ranged as wide as from 20% to 100% in non-
smokers and from 0% to 82% in non-drinkers. In our study,
HPV DNA was found in 3 out of 24 (13%) of OSCCs and

in 18 out of 22 (82%) of OPSCCs using PCR, which was
the most common detection method used in previous
studies. The result differences may be caused by several
factors, namely (1) different prevalence of oral HPV
infection in studied populations which may range from
0% to about 11% [16], (2) low numbers of non-smokers
and non-drinkers, (3) precise anatomical localization of the
tumors (oral cavity versus oropharynx, see below), and (4)
variations in the detection methods. Our findings indicate
that the vast majority of OPSCCs developing in this cohort
of patients are caused by HR-HPV infection. On the
contrary, as only 13% of OSCCs in our patients showed
HR-HPV DNA presence, other yet unidentified risk factors
must exist for SCCs arising in this anatomic area which
need to be elucidated by further studies.

HPV-positive HNSCCs show tendency to occur in the
oropharynx, particularly in palatine tonsils and at the root
of the tongue, both areas rich on lymphoid tissue [1]. This
phenomenon was observed in our selective cohort as HPV
infection was detected in 82% of OPSCCs, in contrast with
only 13% HPV-positive cases of OSCC. The affinity of
HPV to these anatomic areas may be explained by
production of currently unspecified cytokines by lymphoid
tissue and/or by deep invagination of the tonsillar surface
and incompact squamous epithelium at the base of the
tonsillar crypts, the latter factors blocking simple mechanical
clearing of the epithelium and making the epithelium more
susceptible to HPV infection [14].

Microscopically, HPV-positive HNSCCs tend to display
basaloid and/or poorly differentiated morphology. This

Table 3 Prevalence of HPV in non-smokers and non-drinkers

Authors [ref.] Tumor localization Method NS/Tot (%), ND/Tot (%) PosNS/NS (%), PosND/ND (%) HPV type

Cruz [19]a OSCC PCR 3/35 (9) 0/3 –

Smith [20]a OSCC/OPSCC RT-PCR 34/193 (18) 5/34 (15) 16, 18, 33

Koppikar [21]a OSCC PCR 6/102 (6) 3/6 (50) 16, 18

Tachezy [22] OSCC/OPSCC PCR 7/68 (10), 16/68 (24) 7/7 (100), 11/16 (69) 16, 33

Slebos [23] OSCC/OPSCC RT-PCR 4/36 (11), 14/36 (39) 2/4 (50), 4/14 (29) 16

Weinberger [24] OPSCC RT-PCR 21/107 (20), 39/107 (36) 15/21 (71), 32/39 (82) 16

Luo [25] OSCC PCR 3/51 (6), 3/51 (6) 2/3 (67), 1/3 (33) 16

Chuang [26] OSCC/OPSCC RT-PCR 19/59 (32), 10/59 (17) 7/19 (37), 2/10 (20) 16

Simonato [27] OSCC nested PCR 3/29 (10), 11/29 (38) 2/3 (67), 3/11 (27) NT

Gudleviciene [28] OSCC/OPSCC PCR 6/48 (13), 1/48 (2) 1/6 (17), 0/1 16

Lohavanichbutr [29] OSCC/OPSCC PCR 25/119 (21), 11/119 (9) 5/25 (20), 3/11 (27) 16

Weinberger [30] OPSCC PCR/IHC 15/77 (19), 32/77 (42) 14/15 (93), 20/32 (63) 16

Luginbuhl [31] OPSCC ISH 8/44 (18), 21/44 (47) 4/8 (50), 7/21 (33) NT

Straetmans [32] OPSCC ISH 16/81 (20), 38/81 (47) 11/16 (69), 22/38 (58) 16

IHC immunohistochemistry, ISH in situ hybridization, ND no. of non-drinkers, NS no. of non-smokers, NT not tested, OPSCC oropharyngeal
squamous cell carcinoma, OSCC oral squamous cell carcinoma, PCR polymerase chain reaction, PosND no. of HPV-positive non-drinkers, PosNS
no. of HPV-positive non-smokers, RT-PCR real-time PCR, Tot total no. of patients
a Indicates concurrent non-smokers and non-drinkers
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finding was confirmed in our series as this growth pattern
was observed in 17 out of 21 (81%) of HPV-positive SCCs
whereas it was seen in only 4 out of 25 (16%) of HPV-
negative tumors. Interestingly, all four of these tumors
occurred in the tonsil and at the root of the tongue, but PCR
assay failed to prove HPV DNA presence. Conversely, only
4 out of 21 (19%) of “conventional” SCCs, arising on the
gingiva, cheek, anterior part of the tongue, and in the tonsil,
were found to contain HPV DNA by PCR.

The immunohistochemical characteristics of HPV-positive
HNSCCs seem to be different from those of HPV-negative
tumors. The former display minimal p53, cyclin D1, and
epidermal growth factor receptor expression whereas the
reverse is mostly true for the HPV-negative tumors [4].

The HPV types detected in HNSCCs include most
frequently HPV 16, 18, and 33 [2,17]. Less commonly,
HPV 35, 38, 52, and 59 as well as low-risk types 6 and 11
were observed. In our study, the HPV types observed were
HPV 16 and 33 only, detected in 16 and in two cases,
respectively.

PCR assay and the FDA-approved Hybrid Capture 2
assay may serve as gold standard detection methods for
HPV testing [33]. In routine biopsy practice, the immuno-
histochemical detection of p16INK4a protein (p16), which is
regarded as a sensitive marker of active HPV replication, is
widely used as a surrogate marker, particularly in cervical
pathology [34]. However, little is known about the
application of this marker in HNSCCs. The sensitivity and
specificity of p16 expression for HR-HPV DNA presence
when compared to PCR were in our study 0.95 and 0.85,
confirming the use of this marker as an acceptable tool in
testing the HPV status of head and neck tumors. As the
specificity of the particular chromogene in situ hybridization
method used in our study for HR-HPV DNA presence when
compared to PCR was only 0.73, this appears to be of little
additional diagnostic value.

Importantly, HPV-associated HNSCCs show better out-
come and reduced risk of recurrence, compared to HPV-
negative tumors [1,17], as they were shown to display
enhanced radiochemosensitivity. This finding was in part
confirmed in our study, as despite frequent initial lymph
node dissemination, HPV-positive SCCs showed less
frequent regional recurrence rate whereas the opposite was
true for HPV-negative tumors. Furthermore, the nodal
status of HPV-positive HNSCCs was reported to be of
little prognostic value [35]. It seems that HPV-positive
HNSCC represents a distinct clinicopathological entity, for
which more effective treatment options may develop in the
near future different from HPV-negative tumors. Thus,
HPV testing in every case of HNSCC is of particular
importance.

In summary, we report the first large study analyzing in
detail a selective cohort of patients with oral and oropha-

ryngeal squamous cell carcinoma without positive personal
history of smoking and alcohol abuse, classic risk factors for
this type of malignancy. Our results indicate that the majority
of oropharyngeal tumors developing in these patients are
related to oral HPV infection whereas the viral etiology is
responsible for a substantially smaller subset of tumors
occurring in oral cavity, stressing the need for identification
of further, still unknown, risk factors playing role in the
pathogenesis of squamous cell carcinoma of the oral cavity.
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