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The presence of high-risk human papillomavirus (HPV) E6/E7
mRNA transcripts in a subset of sinonasal carcinomas is evidence
of involvement of HPV in its etiopathogenesis
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Abstract The aim of the study was to investigate prevalence
of high-risk human papillomavirus (HR-HPV) infection in
sinonasal carcinomas by immunohistochemistry, in situ hy-
bridization, and polymerase chain reaction, detecting
p16INK4a protein (p16) expression and presence of both
HPV DNA and HPV E6/E7 messenger RNA (mRNA). The
study comprised 47 males and 26 females, aged 23–83 years
(median 62 years), mostly (67 %) with a squamous cell carci-
noma (SCC). Of the tumors, 53 % arose in the nasal cavity,
42 % in the maxillary sinus, and 5 % in the ethmoid complex.
The follow-up period ranged 1–241 months (median
19 months). HPV16, HPV18, or HPV35 were detected in
18/73 (25 %) tumors, 17 SCCs, and 1 small cell neuroendo-
crine carcinoma. There was a strong correlation between re-
sults of HPV detection methods and p16 expression
(p<0.005). HPV-positive SCCs occurred more frequently in
smokers (p=0.04) and were more frequently p16-positive

(p<0.0001) and nonkeratinizing (p=0.02), the latter occurring
more commonly in nasal cavity (p=0.025). Median survival
for HPV-positive SCC patients was 30 months, while for
HPV-negative SCC patients was 14 months (p=0.23). In
summary, we confirm that HR-HPV is actively involved
in the etiopathogenesis of a significant subset of sinonasal
SCCs. p16 may be used as a reliable surrogate marker for
determination of HPV status also in sinonasal SCCs.
Although we observed a trend toward better overall survival
in HPV-positive SCCs, the prognostic impact of HPV status in
sinonasal carcinomas needs to be elucidated by further
studies.
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Introduction

Carcinomas of the nasal cavity and paranasal sinuses are rare.
In 2011, 51 new cases in men and 28 in women were diag-
nosed in the Czech Republic, giving incidence rates of 1.0/
100,000 and 0.5/100,000 for males and females, respectively
[1]. These figures probably reflect the general status in Europe
and worldwide [2, 3]. Sinonasal carcinomas encompass a het-
erogenous group of tumors arising from sinonasal mucosa and
seromucinous glands, with squamous cell carcinoma (SCC)
being the most common [4]. The etiopathogenesis of this
group of neoplasms is still poorly understood, although a va-
riety of agents have been implicated in the past as risk factors.
These include occupational exposure to wood dust and vari-
ous chemical substances, such as nickel (during refining), but
only for one rarely occurring sinonasal cancer subtype, the
intestinal-type adenocarcinoma [4]. Interestingly, cigarette
smoking, still a major risk factor for head and neck SCC, is
only weakly associated with sinonasal cancer [5].

Persistent high-risk human papillomavirus (HR-HPV) in-
fection is now a well-recognized risk factor for a significant
proportion of carcinomas of the anogenital area, including
cervical, vaginal, vulvar, penile, and anal cancers, and for a
subset of head and neck carcinomas [6–10]. Regarding the
latter, oropharyngeal SCC, affecting mostly the palatine ton-
sils and root of the tongue, shows the strongest, although
highly variable association with HR-HPV infection [11–13].
In sinonasal carcinoma, HPV detection rates vary significantly
from 0 to 100 % [2, 14–20]. In a meta-analysis provided by
Syrjänen and Syrjänen, 133/492 (27 %) cases were HPV-
positive [2]. Five recent larger studies reported on tumor mor-
phology, p16 expression and patient outcome [16, 18, 21–23].
Altogether, transcriptionally active HPV is found in 47/285
(16 %) of cases [24]. Only a single study directly investigated
the presence of HPV16 messenger RNA (mRNA) E7 tran-
scripts by real-time polymerase chain reaction (RT-PCR) [22].

We investigated the prevalence of HR-HPV infection in a
large cohort of sinonasal epithelial malignant tumors includ-
ing SCCs using a panel of methods, including immunohisto-
chemistry, in situ hybridization (ISH) and PCR. We also com-
pared clinicopathological characteristics of HPV-positive and
HPV-negative carcinomas and assessed the prognostic impact
of HPV status on patient outcome.

Material and methods

Clinicopathological data

A review of the surgical pathology files at The Fingerland
Department of Pathology (University Hospital, Hradec
Kralove, Czech Republic), Department of Pathology
(General University Hospital, Prague, Czech Republic), and

Department of Pathology (University Hospital, Olomouc,
Czech Republic) identified all malignant epithelial tumors of
the sinonasal tract diagnosed between August 1995 and
August 2014. Only tumors primarily originating from the na-
sal cavity, maxillary sinuses, and ethmoid complex were in-
cluded [25]. No tumors were found in the frontal or sphenoid
sinuses. The 73 cases meeting the inclusion criteria were
reclassified by experienced head and neck pathologists (J.L.,
A.R.) according to the current World Health Organization
(WHO) classification [4] and using appropriate ancillary
methods in the case of need [26, 27]. Paraffin blocks for fur-
ther analysis were available in all cases. Ethical approval was
obtained from the Ethics Committee, University Hospital,
Hradec Kralove (Reference No. 201403 S16P).

For every patient, gender, age at the time of diagnosis,
smoking history (nonsmoker vs. ex-smoker vs. concurrent
smoker), occupation (risky vs. nonrisky), tumor localization
including nasal cavity, maxillary sinus, and ethmoid complex,
laterality and pathological TNM were recorded. During the
follow-up period (until October 2014) local recurrence, re-
gional recurrence, distant recurrence, death, and tumor-
related death staging were recorded [25]. When radical sur-
gery was not performed, clinical TNM staging was used in-
stead. Treatment modalities were radical surgery, radiothera-
py, and chemotherapy in various combinations.

The tumor types included squamous cell carcinoma (SCC,
conventional, verrucous, papillary, basaloid, spindle cell,
acantholytic, adenosquamous), lymphoepithelial carcinoma
(LEC), sinonasal undifferentiated carcinoma (SNUC), adeno-
carcinoma (intestinal-type, nonintestinal-type, salivary gland-
type), and neuroendocrine tumor (typical carcinoid, atypical
carcinoid, small cell neuroendocrine carcinoma (SCNEC))
[4]. Conventional SCC was further subclassified into
nonkeratinizing (NK-SCC), nonkeratinizing with maturation
(hybrid) (NKM-SCC) and keratinizing (K-SCC) subtypes, ap-
plying the criteria recently proposed for oropharyngeal SCC
[28, 29]. Only conventional K-SCC and intestinal-type ade-
nocarcinoma were graded as well, moderately or poorly dif-
ferentiated [30]. Vascular invasion, perineural spread, status of
resection margins (in case of radical surgery), and microscopic
findings in the surrounding mucosa were also noted.

As controls, we used 10 mucosal specimens from the nasal
cavity and 10 from themaxillary sinus with features of chronic
rhinitis and sinusitis, obtained from 10 males and 10 females
aged 24–74 years (median 57 years; mean 59±15 years).

Immunohistochemical staining for p16

A mouse monoclonal antibody against p16 (CINtec®

Histology Kit, clone E6H4™, Roche, Mannheim, Germany)
was used on 4-μm sections from formalin-fixed, paraffin-
embedded tissue blocks on a Ventana BenchMark ULTRA
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immunostainer (Ventana Medical Systems, Inc., Tucson, AZ,
USA). For details, see Supplementary online material.

All cases were independently classified by two pathologists
(J.L., A.R.), blinded to the results of other methods, as positive
when ≥70 % of tumor cells showed strong nuclear and/or
cytoplasmic staining, or negative, according to recent recom-
mendations [31–35]. Discrepant cases were resolved by con-
sensus review.

HPV ISH

ISH was performed on 4-μm whole tumor sections, cut from
formalin-fixed paraffin-embedded tissue blocks. For detection
of HPV DNA, this was done on a Ventana BenchMark
ULTRA immunostainer (Ventana Medical Systems, Inc.)
using the INFORM® HPV III Family 16 Probe (B) (Ventana
Medical Systems, Inc.), a cocktail targeting HR-HPV types
16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 66. For detection
of HR-HPV E6/E7 mRNA, the RNAscope® Probe HPV-
HR18 (Advanced Cell Diagnostics, Hayward, CA, USA), a
cocktail targeting HR-HPV types 16, 18, 26, 31, 33, 35, 39,
45, 51, 52, 53, 56, 58, 59, 66, 68, 73, and 82, and detection
system RNAscope® 2.0 HD Reagent Kit (Brown) (Advanced
Cell Diagnostics) were usedmanually, as previously described
[36]. For details, see Supplementary material (available
online).

All cases were independently assessed by two pathologists
(J.L., A.R.), who were blinded to the results of other methods,
and classified binarily as positive or negative. Any definitive
nuclear diffuse and/or dot-like navy-blue precipitate (for HPV
DNA) or nuclear and/or cytoplasmic brownish dots and/or
clusters (for HPV E6/E7 mRNA) were considered positive.
Discrepant cases were resolved by consensus review.

HPV DNA PCR and typing

HPV DNA was extracted from formalin-fixed, paraffin-
embedded tumor tissue after deparaffinization in xylene and
rehydration in ethanol using the commercial DNA
Sample Preparation Kit (Roche, Basel, Switzerland) ac-
cording to the manufacturer’s protocol. PCR amplification of
β-globin sequences was performed to confirm sample
fitness for PCR assay [37]. PCR amplification was per-
formed with EIA Kit HPV GP HR (Diassay, Rijswijk,
Netherlands) using as forward and reverse primers 5′-
TTTGTTACTGTGGTAGATACTAC-3′ (GP5+) and 5′-
GAAAAATAAACTGTAAATCATATT-3′ (GP6+) which
detect HPV types 6, 11, 16, 18, 26, 31, 33, 35, 39, 40, 42,
43, 45, 51, 52, 53, 56, 58, 59, 61, 66, 67, 68 (and 68a), 69, 71,
72, 73, 81, and 82 (MM4 and IS39).

Samples showing HPV DNA presence by PCR or ISH or
immunohistochemical expression of p16 were analyzed using
the Linear Array HPV SPF10 Genotyping Test (LBP,

Rijswijk, Netherlands), which detects HPV types 3, 4, 5, 6,
7, 8, 11, 13, 16, 18, 26, 27, 30, 31, 32, 33, 34, 35, 37, 39, 40,
42, 43, 44, 45, 51, 52, 53, 54, 55, 56, 58, 59, 61, 62, 64, 65, 66,
67, 68, 69, 70, 71, and 74. For details, see Supplementary
material (available online).

HPV E6/E7 mRNA RT-PCR

HPV RNAwas extracted from paraffin-embedded tissue after
deparaffinization in xylene and rehydration in ethanol using
the commercial RNeasy Mini Kit (Qiagen, Hilden, Germany)
according to the manufacturer’s protocol. Reverse transcrip-
tion of RNA was performed using the High Capacity cDNA
Reverse Transcription Kit (Applied Biosystems, Carlsbad,
CA, USA). PCR amplification of β-globin sequences was
performed to confirm sample fitness for PCR assay [37, 38].
PCR amplification was performed using Power SYBR Green
qPCR Master Mix (2×) (Applied Biosystems, Carlsbad, CA,
USA) with specific primers for each tested HPV type (for each
HPV 16, 18, and 35: HPV E6-Forward, HPV E6-Reverse,
HPV E7-Forward, HPV E7-Reverse) and HPV cDNA. For
details, see Supplementary material (available online).

Statistical analysis

For the analysis of categorical data, we used median, mean,
and 95 % confidence interval (CI), for continuous data, abso-
lute and relative frequencies, and for survival analysis,
Kaplan-Maier and Log-rank tests and Cox regression. For
the purpose of statistical analysis, a case was considered
HPV-positive if it was positive for HPV DNA ISH/PCR
and/or HPV E6/E7 mRNA ISH/PCR. Relationships between
HPV/p16 positivity and other independent factors were ana-
lyzed using the chi-square test, Fisher’s exact test, or logistic
regression analysis. We considered p<0.05 to be statistically
significant. All statistical analyses were performed using the
NCSS 8 statistical software program (NCSS, Kaysville, Utah,
USA).

Results

Clinicopathological data

Clinicopathological data are listed in Table 1. Due to missing
clinical data, sums in the entire study sample or in the SCC
group or partial sums do not always add up to the total number
of patients.

The study sample (n=73) comprised 47 males and 26 fe-
males, aged 23–83 years (median 62 years). From those with a
known history, 30 patients were nonsmokers (18 with SCC),
12 ex-smokers (7 with SCC), and 20were current smokers (16
with SCC). In only 7/62 (11 %) patients, occupational
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exposure to wood dust or other air pollutants/irritants was
recorded (2× joiner, 1× wood industry worker, 1× miller, 1×
locksmith (SCC), 2× rubber industry worker (SCC)).

As regards the whole study sample, most of the tumors
arose in the nasal cavity, but SCCs were slightly more com-
mon in the maxillary sinus. The majority of the patients were
diagnosed with advanced tumors and four patients (two with
SCC) had lung metastases (cM1) at the time of diagnosis.

The treatment modalities included radical surgery with ra-
diotherapy (24×), radical surgery with chemoradiotherapy
(19×), radical surgery only (11×), radiotherapy only (6×),
and chemoradiotherapy only (5×). Positive surgical margins
were found in 44/57 (77%) patients treated by radical surgery.

Microscopic typing of the tumors resulted in 49 SCCs, 17
adenocarcinomas, 3 neuroendocrine tumors, 3 SNUCs, and 1
LEC. Vascular invasionwas found in 11/73 (15%) tumors and
perineural spread in 5/73 (7 %).

Among the SCC group, 27/49 (55 %) tumors were NK/
NKM-SCCs (Fig. 1a), 16/49 (33 %) K-SCCs (3× grade 1,

11× grade 2, 2× grade 3) (Fig. 1b), 3/49 (6 %) basaloid,
verrucous, papillary, and adenosquamous (one each) carcino-
mas. NK/NKM-SCC occurred more frequently within the na-
sal cavity, whereas K-SCC more commonly arose within the
maxillary sinus. The findings in surrounding mucosa included
dysplastic squamous epithelium (18×), inverted papilloma
without dysplasia (1×), and inverted papilloma with dysplastic
changes (4×).

The follow-up period ranged from 1 to 241 months (medi-
an 19 months). Local recurrence was found in 24/63 (38 %)
tumors, 5/62 (8 %) recurred regionally, and 7/61 (11 %) pa-
tients developed distant metastases in the lungs. During the
follow-up period, 32/61 (52 %) patients died, of whom 16/59
(27 %) due to the tumor.

Regarding the SCC group, the follow-up period ranged
from 1 to 104 months (median 16 months). Local recurrence
was found in 14/42 (33 %) tumors, 3/41 (7 %) recurred re-
gionally, and 3/40 (8 %) patients developed distant metastases
in the lungs. During the follow-up period, 25/41 (61 %)

Table 1 Clinicopathologic data of the patients

Tumor type Gender
(M/F)

Median age (years)
(min–max)

Localizationa c/pTa c/pNa

Nasal
cavity

Maxillary
sinus

Ethmoid
complex

T1+T2 T3+T4a+T4b N0 N+

Squamous cell carcinomas

Squamous cell carcinoma (n=49) 34/15 65 (27–82) 22 24 2 10 29 39 9

Keratinizing (n=16) 11/5 61 (30–82) 3 12 1 2 12 12 4

Nonkeratinizing/hybrid (n=27) 20/7 67 (27–82) 16 9 1 8 12 21 5

Verrucous (n=1) 0/1 72 (–) 0 1 0 0 1 1 0

Papillary (n=1) 1/0 58 (–) 1 0 0 0 1 1 0

Basaloid (n=3) 2/1 54 (46–60) 2 1 0 0 2 3 0

Adenosquamous (n=1) 0/1 63 (–) 0 1 0 0 1 1 0

Lymphoepithelial carcinomas

Lymphoepithelial carcinoma (n=1) 1/0 62 (0) 1 0 0 0 1 0 1

Sinonasal undifferentiated carcinomas

Sinonasal undifferentiated carcinoma (n=3) 2/1 66 (51–68) 2 1 0 0 1 2 1

Adenocarcinomas

Adenocarcinoma (n=17) 8/9 55 (23–83) 10 5 2 9 3 17 0

Adenocarcinoma, intestinal typeb (n=5) 4/1 68 (59–83) 4 1 0 4 1 5 0

Adenocarcinoma, nonintestinal type (n=5) 1/4 40 (27–57) 3 0 2 3 0 5 0

Adenoid cystic carcinomac (n=7) 3/4 49 (23–61) 3 4 0 2 2 7 0

Neuroendocrine tumors

Neuroendocrine tumors (n=3) 2/1 55 (38–57) 3 0 0 0 2 1 2

Typical carcinoid (n=1) 1/0 57 (–) 1 0 0 0 0 1 –

Small cell neuroendocrine carcinoma (n=2) 1/1 47 (38–55) 2 0 0 0 2 0 2

Total (n=73) 47/26 62 (23–83) 38 30 4 19 36 59 13

F female, M male
a Data not available in all patients
b Subtypes: 4× colonic (1× grade 1, 2× grade 2, 1× grade 3), 1× mucinous (grade 2)
c Variants: 6× cribriform, 1× solid
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patients died, of whom 10/40 (25 %) due to the tumor.
Comparing NK/NKM-SCC with K-SCC, a total of 8/22
(36 %) versus 4/14 (29 %) tumors recurred locally, 2/21
(10 %) versus 0/14 recurred regionally, 1/21 (5 %) versus
0/13 patients developed distant metastases, a total of 14/22
(64 %) versus 9/13 (69 %) patients died and 8/21 (38 %)
versus 2/13 (15 %) died due to the tumor.

Immunohistochemical and molecular findings

Immunohistochemical and molecular findings are listed in
Table 2

p16 IHC

All 73 study samples and 20 control cases were successfully
stained and easily readable with unequivocal results.

Applying the 70 % threshold, 25/73 (34 %) tumors from
the whole study cohort were scored as p16-positive: 16 SCCs,
6 adenoid cystic carcinomas, 2 SCNECs, and 1 SNUC.
Comparing the subtypes of conventional SCC, 13/27 (48 %)
of NK/NKM-SCCs were p16-positive (Fig. 1c), while only
1/16 (6 %) K-SCC was positive (Fig. 1d). Staining for p16
was generally diffuse and strong nuclear/cytoplasmic in nearly
100 % tumor cells, except for adenoid cystic carcinomas,
where cells lining true ducts and/or duct-like structures were
preferentially stained, while abluminal cells were rather neg-
ative. Dysplastic squamous epithelium adjacent to p16-
positive invasive SCC was p16-positive as well.

Of the p16-negative group, p16 expression was completely
absent in 28 cases, while the other 20 tumors featured variable
expression in 10–60 % tumor cells. None of the control cases
was scored as p16-positive. We observed only patchy p16
staining in mucinous cells of mucosal glands and focal

Fig. 1 a Nonkeratinizing
squamous cell carcinoma (NK-
SCC) is characterized by pushing
borders and consists of smaller
darkly appearing cells with little
cytoplasm (hematoxylin-eosin
(HE), original magnification
×100). b Keratinizing squamous
cell carcinoma (K-SCC) is
composed of larger cells with
eosinophilic cytoplasm and
typically shows keratin pearls
(HE, original magnification
×100). c Diffuse strong p16
expression in NK-SCC (original
magnification ×100). d Diffuse
strong p16 expression in K-SCC
(original magnification ×100). a,
c The same NK-SCC harboring
HPV16, and b, d the same
K-SCC harboring HPV35

Table 2 Results of HPV
detection methods in the
squamous cell carcinoma group

SCC subtype p16 IHC HPV DNA
ISH

HPV DNA
PCRa

HPV E6/E7
mRNA ISH

HPV E6/E7
mRNA PCRa

HPV type

Keratinizing 1/16 2/16 2/16 1/16 1/16 18, 35

Nonkeratinizing/
hybrid

13/27 10/27 6/22 11/27 5/25 16 (3×), 18 (3×)

Verrucous 0/1 0/1 0/1 0/1 0/1 –

Papillary 0/1 0/1 0 0/1 0/1 –

Basaloid 2/3 0/3 0/2 1/3 2/2 16, 18

Adenosquamous 0/1 0/1 0/1 0/1 0/1 –

Total 16/49 12/49 8/42 13/49 8/46

IHC immunohistochemistry, ISH in situ hybridization,PCR polymerase chain reaction, SCC squamous cell carcinoma
aDNA/RNA not suitable for PCR analysis in all cases

Virchows Arch (2015) 467:405–415 409



staining of respiratory epithelium with goblet cell hyperplasia
and of superficial layers of metaplastic squamous epithelium
(one case).

HPV DNA ISH and PCR

All 73 study samples and 20 control cases were successfully
stained for HPV DNA by ISH. Although most cases were
interpreted without difficulties, in 13/73 (18 %) tumors, the
staining result was considered equivocal and needed consen-
sus review.

Twelve of all 73 (16 %) tumors—SCCs only—were HPV
DNA ISH-positive, including 10/27 (37 %) NK/NKM-SCCs
(Fig. 2a) and 2/16 (13%) K-SCCs (Fig. 2b). In eight cases, the
HPV DNA ISH nuclear signal was seen in max. 1–20 % tu-
mor cells only at ×400 magnification, while in the remaining
four cases, up to 80 % tumor cells showed nuclear signal
clearly visible at ×40–200 magnification. In all cases, we ob-
served dot-like nuclear signal (mostly up to four dots per nu-
cleus) indicating integrated form of HPV DNA. An additional
diffuse nuclear signal, indicating episomal form of HPV
DNA, was seen in minority of tumor cells in only two cases.
Dysplastic squamous epithelium adjacent to HPV DNA ISH-
positive invasive SCC harbored HPV DNA as well.

A total of 62/73 (85 %) study samples and all 20 control
cases were suitable for detection of HPV DNA by PCR. Eight
of all 62 (13 %) tumors—SCCs only—harbored HPV DNA
PCR, including 6/22 (27 %) NK/NKM-SCCs and 2/16 (13 %)
K-SCCs. DNA of types HPV16 (3×), HPV18 (4×), and
HPV35 (1×) was detected. No low risk HPV DNAwas found.

All non-SCC tumor types as well as all control cases were
HPV DNA ISH/PCR-negative.

HPV E6/E7 mRNA ISH and RT-PCR

All 73 study samples and 20 control cases were successfully
stained for HPV E6/E7 mRNA by ISH and easily readable
without equivocal results.

Thirteen of 73 (18 %) tumors—SCCs only—harbored
HPV E6/E7 mRNA ISH transcripts, including 11/27 (41 %)
NK/NKM-SCCs (Fig. 2c) and 1/16 (6 %) K-SCC (Fig. 2d). In
seven cases, the nuclear/cytoplasmic signal (1 to 10 dots per
cell) was seen in approx. 10 % tumor cells only at ×200–400
magnification, while in the remaining six cases, up to 90 %
tumor cells showed nuclear/cytoplasmic signal (more than 10
dots per cell and/or dot clusters) clearly visible at ×40–100
magnification. The dysplastic squamous epithelium adjacent
to the positive invasive SCC harbored HPV E6/E7 mRNA as
well.

A total of 70/73 (96 %) study samples and all 20 control
cases were suitable for detection of HPV E6/E7 mRNA by
RT-PCR. Nine of 70 (13 %) tumors harbored HPV E6/E7
mRNA: eight SCCs and one SCNEC. E6/E7 mRNA tran-
scripts of types HPV16 (5×), HPV18 (3×), and HPV35 (1×)
were detected.

All other tumor samples as well as all control cases were
HPV E6/E7 mRNA ISH/RT-PCR-negative.

Comparison of HPV detection methods and p16 IHC

The comparison between p16 IHC and HPV detection
methods is listed in Table 3. Regarding the entire study
sample, a total of 18/73 (25 %) tumors were HPV-positive.
These included 17 SCCs (13× NK/NKM-SCCs, 2× K-SCCs,
2× basaloid SCCs) and 1 SCNEC. Altogether, we found

Fig. 2 a Positive HPV DNA ISH
signal appears as mainly two
navy-blue dots within nuclei of
nonkeratinizing squamous cell
carcinoma (NK-SCC) (original
magnification ×400). b Positive
HPV DNA ISH signal appears as
mainly two navy-blue dots within
nuclei of keratinizing squamous
cell carcinoma (K-SCC) (original
magnification ×400). c Positive
HPV E6/E7 mRNA ISH signal
appears as clusters in most of
tumor cells of NK-SCC (original
magnification ×400). d Positive
HPV E6/E7 mRNA ISH signal
appears as clusters or single dots
in most of tumor cells of K-SCC
(original magnification ×400). a,
c The same NK-SCC harboring
HPV16 and b, d the same K-SCC
harboring HPV35
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HPV16 (5×), HPV18 (5×), and HPV35 (1×). In the other
seven cases, the HR-HPV type remained unknown. In only
3/18 (17 %) HPV-positive cases, HPV E6/E7 mRNA ISH/
PCR transcripts were not detected (2× NK/NKM-SCCs with
unknown HPV type (1× p16-positive, 1× p16-negative), 1×
K-SCC harboring HPV18 DNA) indicating that a total of 15/
18 (83 %) HPV-positive cases showed evidence of transcrip-
tionally active HR-HPV infection. Only 2/18 (11 %) HPV-
positive cases were p16 IHC-negative (1× NK/NKM-SCC,
1× K-SCC). On the contrary, among the 25/73 (34 %) p16-
positive cases from the whole study sample, 16/25 (64 %)
were HPV-positive. The nine p16-positive/HPV-negative
cases included six adenoid cystic carcinomas and NK/NKM-
SCC, SCNEC, and SNUC, one each). Regarding the SCC
group, among the 16/49 (33 %) p16-positive SCCs, 15/16
(94 %) were HPV-positive.

As expected, there was strong and statistically significant
correlation between the HPV detection methods used and also
between HPV methods and p16 IHC (p<0.0001 in most
cases; Fisher’s test) (Table 4). In general, the correlation be-
tween p16 IHC and HPV E6/E7 mRNA ISH/PCR was stron-
ger than between p16 IHC and HPV DNA ISH/PCR. The
correlation index between p16 IHC and HPV status was
highest in the SCC group (R=0.864).

Comparison between HPV-positive versus HPV-negative
SCCs

The follow-up period for the SCC group ranged from 1 to
104 months (median 16 months). The median survival for
all SCC patients was 24 months (95 % CI 14 to 36 months).
Eight of 49 (16%) patients were lost to follow-up. The follow-
up period for the HPV-positive SCC patients ranged from 2 to
91 months (median 23 months) and for the HPV-negative
SCC patients from 1 to 104 months (median 14 months).
The median survival for the HPV-positive SCC patients was

30 months (95 % CI 19 to 71 months), while for the HPV-
negative SCC patients, it was 14 months (95 % CI 10 to
24 months) (p=0.23, Log-rank test) (Fig. 3). HPV-positive
SCCs occurred more frequently in smokers/ex-smokers
(p=0.04) and were more frequently NK/NKM-SCCs
(p=0.02) and p16-positive (p<0.0001). The follow-up for
the p16-positive SCC patients ranged from 2 to 91 months
(median 19 months) and for the p16-negative patients from
1 to 104 months (median 16 months). The median survival for
the p16-positive SCC patients was 71 months (95 % CI 23 to
73 months), while for the p16-negative SCC patients, it was
16 months (95 % CI 10 to 30 months) (p=0.13, Log-rank test)
(Fig. 4). The p16-positive SCCs occurred more frequently in
smokers/ex-smokers (p=0.04), were localized in the nasal
cavity (p=0.05), and were NK/NKM-SCCs (p=0.005). No
other relationships between the HPV/p16 status and the pa-
rameters studied were found (p>0.05).

Similar analysis was also performed for the whole study
sample but did not reveal any additional significant findings
(not shown).

Discussion

HR-HPV is an important risk factor for a subset of head and
neck cancer, particularly in oropharyngeal SCC with highly
variable detection rates, reaching up to 80 % [12, 13, 39, 40].
HPV-positive oropharyngeal SCC usually affects slightly
younger patients, nonsmokers or light smokers, nondrinkers,
patients with good oral hygiene, and probably higher (oral)
sexual exposure [11]. HPV-positive carcinomas carry better
prognosis than HPV-negative SCCs of the oropharynx [41].
HPV-positive oropharyngeal SCC is currently regarded as a
distinct clinicopathologic tumor entity and merits to be includ-
ed as a new entity in the forthcoming WHO classification of
head and neck tumors [30]. In contrast, HPV DNA and/or
transcriptionally active HPV is only rarely found in SCCs of
the oral cavity, larynx, and hypopharynx [42–45].

Sinonasal carcinomas comprise only about 3 % of all head
and neck carcinomas, and their incidence rate seems to be
decreasing [24]. It is a heterogenous group of malignant tu-
mors, the etiopathogenesis of which remains largely un-
known. Most sinonasal SCCs arise de novo, but some may
develop from inverted or oncocytic preexisting papillomas
[4]. One paper reported that 11 % of inverted papillomas,
mostly of the SCC type, were complicated by carcinoma
[46]. HPV DNAwas found in 20–40 % inverted papillomas,
more frequently in recurring papillomas and those with dys-
plastic changes or frankly invasive carcinoma [47, 48].

Surprisingly, however, most SCCs arising from inverted
papillomas do not contain transcriptionally active HPV [21].
In our series, 5/49 SCCs (10 %) arose with/from inverted
papillomas (4× with dysplastic changes). All were HPV

Table 3 Comparison between p16 immunohistochemistry and HPV
detection methods in the squamous cell carcinoma group

HPV method p16-positive
16/49 (33 %)

p16-negative
33/49 (67 %)

HPV DNA ISH-positive 10/16 (63 %) 2/33 (6 %)

HPV DNA ISH-negative 6/16 (37 %) 31/33 (94 %)

HPV DNA PCR-positive 7/15 (47 %)a 1/26a (4 %)

HPV DNA PCR-negative 8/15 (53 %)a 25/26a (96 %)

HPV E6/E7 mRNA ISH-positive 13/16 (81 %) 0/33 (0 %)

HPV E6/E7 mRNA ISH-negative 3/16 (19 %) 33/33 (100 %)

HPV E6/E7 mRNA PCR-positive 8/14 (57 %)a 0/32 (0) a

HPV E6/E7 mRNA PCR-negative 6/14 (43 %)a 32/32 (100 %)a

HPV-positive 15/16 (94 %) 2/33 (6 %)

aDNA/RNA not suitable for PCR analysis in all cases
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ISH/PCR-negative, but one was p16- and HPV E6/E7 mRNA
ISH-positive. These data indicate that although HR-HPV
may contribute to the formation of inverted papillomas,
SCCs that develop in that background mostly do not retain
transcriptionally active HPV. Some authors regard HPV pres-
ence in inverted papillomas rather as incidental colonization
than as etiological factor [49]. Focal mild-to-moderate p16

expression is seen in most inverted papillomas regardless of
HPV status, which is not useful for identification of high-risk
lesions [50]. Oncocytic and exophytic papillomas rarely
harbor HR-HPV, although the latter commonly contain
low-risk HPV types [47]. Regarding the prevalence of
HPV infection in sinonasal mucosa in healthy persons,
Jenko et al. [49] detected HPV in 15 % of their control

Table 4 Correlation between p16 immunohistochemistry and HPV detection methods in the entire study sample and the squamous cell carcinoma
group (Fisher’s test)

Detection method p16 IHC HPV DNA ISH HPV DNA PCR HPV E6/E7 mRNA ISH HPV E6/E7 mRNA PCR

p16 IHC p<0.0001 0.459c 0.615d p=0.004a 0.386 0.520 p<0.0001 0.645 0.863 p<0.0001 0.549 0.694

HPV DNA ISH p<0.0001 0.459 0.615 p<0.0001 0.786 0.765 p<0.0001 0.663 0.625 p<0.0001b 0.538 0.550

HPV DNA PCR p=0.004a 0.386 0.520 p<0.0001 0.786 0.765 p<0.0001b 0.629 0.590 p<0.0001 0.773 0.825

HPV E6/E7
mRNA ISH

p<0.0001 0.645 0.863 p<0.0001 0.663 0.625 p<0.0001b 0.629 0.590 p<0.0001 0.665 0.684

HPV E6/E7
mRNA PCR

p<0.0001 0.549 0.694 p<0.0001b 0.538 0.550 p<0.0001 0.773 0.825 p<0.0001 0.665 0.684

p16 IHC vs.
HPV status

Sensitivity Specificity PPV NPV R p value

Whole study sample

0.89 0.88 0.64 0.97 0.659 p<0.0001

SCC group

0.88 0.97 0.94 0.94 0.864 p<0.0001

Non-SCC group

1.00 0.65 0.11 1.00 0.269 p<0.0001

If not stated otherwise, the p values are the same for both the entire study sample and the SCC group

IHC immunohistochemistry, ISH in situ hybridization, NPV negative predictive value, PCR polymerase chain reaction, PPV positive predictive value, R
correlation index
a SCC group p=0.002
b SCC group p<0.001
c Correlation index (R) for the entire study sample (applies to the values of the entire table)
d Correlation index (R) for the squamous cell carcinoma (SCC) group (applies to the values of the entire table)

Fig. 3 Kaplan-Meier plot
showing overall survival of the
SCC patients with HPV-positive
and HPV-negative tumors (OS
overall survival in days)
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cases, whereas all our control cases were HPV ISH/
PCR-negative.

Regardless of the associated lesion, 27 % of sinonasal car-
cinomas were HPV-positive in a recent meta-analysis [2]. We
found HPV-positive SCCs more often in smokers/ex-smokers
(p=0.04). The HPV types most commonly detected include
HPV16, HPV18, HPV35, and HPV45 [16, 18, 22], which
corresponds with the findings observed in our study. Limited
data have been published on detailed morphology of HPV-
positive sinonasal carcinomas [16, 18, 21–23]. Conventional
sinonasal SCC may also be subclassified into NK-SCC,
NKM-SCC, and K-SCC subtypes, following recently
proposed criteria [28, 29]. NK-SCC and NKM-SCC
probably correspond to the cylindrical cell, transitional,
and Schneiderian carcinomas [24]. While subtype, p16 ex-
pression, and HPV status are associated in oropharyngeal
SCC [39, 40], in sinonasal SCC, this is less clear [16, 18,
21, 22]. We found a statistically highly significant correlation
between p16 IHC and HPV status (p<0.0001, R=0.864) and
therefore confirm p16 IHC as a reliable surrogate marker for
HPV status also in sinonasal SCCs.

As regards our 49 SCC cases, 27 (55 %) were NK/NKM-
SCC, and 16 (33 %) were K-SCCs. NK/NKM-SCCs occurred
more frequently in the nasal cavity (p=0.025), but the signif-
icance of this finding remains unclear. Of the 16K-SCCs, only
two (13 %) were HPV DNA ISH/PCR-positive (HPV18 and
HPV35), but transcriptionally active HPV(35) infection was
detected in only one case. In contrast, of the 27 NK/NKM-
SCC cases, 11 (41 %) showed transcriptionally active HR-
HPV infection (HPV16 and HPV18), 10 of which were p16-
positive. The difference regarding HPV/p16 status was statis-
tically significant (p=0.02; p=0.005).

The true prevalence of HPV in sinonasal malignant tumors
other than SCC is unknown. HPV is present in a minority of

SCNEC and SNUC cases [24]. However, although these tu-
mors usually lack HPV, they may be p16-positive. We ob-
served diffuse p16 expression in 2/2 SCNECs; only one of
which was HPV16-positive and in 1/3 SNUC. As reported
earlier, we found that adenoid cystic carcinoma of the salivary
glands often strongly express p16 expression without contain-
ing HPV [51]. It is the predominant p16 expression in cells
lining the true ductal structures and HPV absence in adenoid
cystic carcinoma which differentiates it from the recently de-
scribed peculiar sinonasal tumor called “HPV-positive ade-
noid cystic-like carcinoma,” characterized by diffuse p16 ex-
pression [52]. In general, as the specificity (=0.65) of p16 IHC
for HPV-positive status and the association between p16 IHC
and HPV status (R=0.269) were both low, p16 IHC cannot be
recommended as a surrogate marker of HPV status in non-
SCC sinonasal carcinoma.

HPV status seems to be associated with better outcome in
sinonasal cancer. Alos et al. and Larque et al. found better
progression free survival and overall survival for HPV-
positive compared to HPV-negative [18, 22], while in the
series reported by Bishop et al., this was not statistically sig-
nificant [21]. Likewise, Takahashi et al. did not find any sig-
nificant difference regarding HPV status, but the number of
HPV/p16-positive SCC patients was too small to allow reli-
able conclusions [23]. We found a median survival for HPV-
positive SCC patients of 30 months, while for HPV-negative
patients, this was 14 months, but this difference was not sta-
tistically significant (p=0.23), most probably due to incom-
plete follow-up data.

In summary, we confirm that HR-HPV is actively involved
in the etiopathogenesis of a significant subset of sinonasal
SCCs, mostly of nonkeratinizing morphology. Detection of
HPV E6/E7 mRNA transcripts by ISH strongly correlated
with results of other HPV detection methods and p16

Fig. 4 Kaplan-Meier plot
showing overall survival of the
SCC patients with p16-positive
and p16-negative tumors (OS
overall survival in days)
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expression. In oropharyngeal and sinonasal SCCs, p16 ex-
pression is a reliable surrogate marker for HPV status but
not in non-SCC sinonasal carcinomas. As SCCs in
smokers and in the nasal cavity are more often HPV-
positive, we hypothesize that chemical substances from
cigarette might activate preexisting HPV infection and
contribute to the pathogenesis. Alternatively, nasal mucosa
chronically damaged by cigarette smoke derivatives might be
more susceptible for HPV infection. Although we observed a
trend toward better overall survival in HPV-positive SCCs, the
prognostic impact of HPV status in sinonasal carcinomas
needs to be elucidated by further studies.
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