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Abstract

Background: Information on HPV-associated sinonasal squamous cell carcinoma (SNSCC) is very limited in China.
The aim of this study was to determine the prevalence of HPV in a large cohort of SNSCC patients in China.

Methods: Clinical records and formalin-fixed and paraffin-embedded tumor specimens from 30 SNSCC patients
with associated inverted papilloma (IP-SNSCC) and 84 de novo SNSCC (DN-SNSCC) patients were retrieved between
2010 and 2017. HPV status was determined for each specimen using a combination of p16 immunohistochemistry
and GP5+/6+ PCR.

Results: Immunohistochemistry for p16 was positive in two IP-SNSCC patients (2/30, 6.7%) and in 16 DN-SNSCC
patients (16/84, 19.0%). HPV DNA was detected in six IP-SNSCC patients (6/30, 20%) and in three DN-SNSCC patients
(3/84, 3.8%). Expression of p16 was not correlated with the presence of HPV DNA (p = 0.150). Among 18 p16-
positive SNSCC patients, only three were HPV DNA-positive. Furthermore, only three of nine HPV DNA-positive
tumors exhibited high p16 expression. In IP-SNSCC patients, only one of six HPV DNA-positive tumors exhibited
high p16 expression. In DN-SNSCC patients, two of three HPV DNA-positive tumors exhibited high p16 expression.
The positive rates for both HPV DNA and p16 in IP-SNSCC patients and DN-SNSCC patients were 3.3 and 2.4%,
respectively.

Conclusions: Immunostaining for p16 is not a reliable surrogate marker of HPV status in SNSCC. The presence of
HPV is rarely detected in DN-SNSCC patients in Eastern China. IP-SNSCC patients frequently lack of p16
overexpression despite the presence of high-risk HPV DNA.
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Background
Infection with human papillomavirus (HPV), particularly
high-risk types of HPV, has been acknowledged as an
etiological factor in a subset of head and neck cancers
[1]. Head and neck squamous cell carcinomas (SCCs)
caused by HPV arise predominantly in the oropharynx
[2]. HPV-positive oropharyngeal SCC has unique
clinicopathological features and an improved prognosis
when compared to HPV-negative oropharyngeal SCC
[3]. However, the clinical significance of HPV infection
in non-oropharyngeal head and neck SCCs remains
uncertain [4].
The presence of HPV has also been reported in

SCCs of the sinonasal tract, but HPV detection rates
in sinonasal SCC (SNSCC) patients are widely dispar-
ate and range from 0 to 100% [5]. There are various
reasons for these inconsistent detection rates. First,
the prevalence of HPV varies with ethnicity and geo-
graphic origin [3, 6]. Second, most previous studies
used dissimilar HPV detection methods and small
sample sizes [5]. Lastly, many studies have failed to
distinguish between de novo sinonasal SCC (DN-
SNSCC) and SNSCC arising from inverted papillomas
(IP-SNSCC).
Inverted papilloma (IP) is the most common benign

tumor of the sinonasal tract, with a 5–13% incidence
malignant transformation [7]. The most common associ-
ated malignancy is SCC [8]. Although the development
of IP is not fully understood, some studies have sug-
gested HPV acts as a potential etiological agent in the
progression of IP to SCC [9, 10].
To date, the clinical significance of HPV status in

SNSCC is not well established and information on HPV-
associated SNSCC in China is very limited. Here, we an-
alyzed the presence of HPV infection in DN-SNSCC and
IP-SNSCC patients in a large Eastern China population.

Materials and methods
Patients
Formalin-fixed and paraffin-embedded (FFPE) tissues
were retrospectively collected from SNSCC patients who
underwent surgical treatment at the Eye and ENT Hos-
pital of Fudan University between 2010 and 2017.
Hematoxylin and eosin-stained sections were reviewed
and histological diagnosis was confirmed by an experi-
enced head and neck pathologist. FFPE tissues without
tumor cells were excluded. In this study, specimens from
30 IP-SNSCC patients and 84 DN-SNSCC patients were
obtained for HPV detection. Clinical information was
extracted from medical records. Tumor node metastasis
(TNM) stage was assessed according to the 7th edition
of the American Joint Committee on Cancer staging
system.

Ethics declarations
The study was approved by the Institutional Review
Committee of the Eye and ENT Hospital of Fudan Uni-
versity. Informed consent was obtained from all patients.
All procedures were conducted in accordance with the
Declaration of Helsinki.

p16 immunohistochemistry
Immunohistochemical analysis for p16 was performed
on 4-μm thick tissue sections cut from the FFPE tissue.
A monoclonal antibody to p16 (ab108349, Abcam, UK;
dilution 1:100) was used with a BenchMark Autostainer
(Ventana Medical Systems, Tucson, USA) following the
manufacturer’s recommendations. Expression of p16 was
considered positive if strong and diffuse nuclear and
cytoplasmic staining was detected in ≥70% of the tumor
[11] Two head and neck pathologists reviewed p16 ex-
pression and were blinded to the clinical and follow-up
data. Discrepancies that occurred between observers
were resolved by consensus review.

Extraction of DNA
FFPE tissues were cut into five 10-μm thick sections on
glass slides, and DNA was extracted using a commercial
kit (TIANamp FFPE DNA Kit, China) according to the
manufacturer’s instructions. The quantity and quality of
extracted DNA was determined via NanoDrop ND-1000
spectrophotometry (Thermo Fisher Scientific Inc.,
Waltham, MA, USA). Isolated DNA was stored at −
20 °C until further use.

HPV DNA detection and genotyping
HPV DNA detection was carried out utilizing general
primers GP5+/6+. Validation of the DNA quality and ef-
ficacy of the PCR was assessed using the housekeeping
gene β-globin. DNA from HPV-positive uterine cervix
tissue was used as a positive control and reactions with-
out a template were run in parallel as controls. The
amplified products were subjected to electrophoresis in
2% agarose gels and observed by nucleic acid dye. Tis-
sues positive for HPV DNA were then further analyzed
using a commercial HPV genotyping kit (Chaozhou
Hybribio Limited Corporation) [12]. This kit can identify
23 HPV genotypes, including 17 high-risk types (HPV
16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68, 53,
73, 82) and six low-risk types (HPV 6, 11, 42, 43, 44, 81).

Statistical analysis
All statistical analyses in this study were performed
using SPSS 22.0 software (IBM Corp, Armonk, NY). The
chi-squared test or Fisher’s exact test were used to
analyze categorical variables. The student’s t-test or
Mann-Whitney U tests were used to analyze continuous
variables according to application conditions. All p-
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values were two-sided, and p-values < 0.05 were consid-
ered statistically significant.

Results
Patient characteristics
In our study, 94.7% (108/114) of patients were from
Eastern China and were mainly distributed in Shanghai,
Zhejiang province, Jiangxi province, Jiangsu province,
and Anhui province. The remaining patients were from
other regions of China. The clinicopathologic data of pa-
tients are listed in Table 1. The median patient age for
the IP-SNSCC and DN-SNSCC groups was 58 and 59
years, respectively. Both the IP-SNSCC and DN-SNSCC
groups presented with male predilection (73.3 and
73.8%, respectively). A smoking history was reported in
33.3% of IP-SNSCC patients and 39.3% of DN-SNSCC
patients. Most of the patients in our study were in the
T3-T4 stage. No patient had distant metastases at the
time of diagnosis. There were no differences in age, sex,
smoking history, tumor primary site, or disease stage be-
tween IP-SNSCC and DN-SNSCC patients (Table 1).

Prevalence of HPV in SNSCC
Immunohistochemistry analysis showed p16-positive tis-
sues in two IP-SNSCC patients (2/30, 6.7%) and 16 DN-
SNSCC patients (16/84, 19.0%). Representative immuno-
histochemical staining of p16 is shown in Fig. 1. Among
18 p16-positive SNSCC patients, HPV was detected in
only three cases. HPV DNA was detected in six patients

with IP-SNSCC (6/30, 20%) and in three patients with
DN-SNSCC (3/84, 3.8%). Thus, the prevalence of HPV
DNA in IP-SNSCC patients was significantly higher than
that of DN-SNSCC patients (p = 0.014). In IP-SNSCC
patients, only one of six HPV-positive tumors exhibited
high p16 expression. The positive rates of both HPV
DNA and p16 in IP-SNSCC patients and DN-SNSCC
patients were 3.3 and 2.4%, respectively. The statistical
results are listed in Table 2.

HPV genotyping
The genotyping result of HPV-positive patients is shown
in Table 3. Of the nine HPV DNA positive patients,
eight were identified to have high-risk HPV-16. Only
one patient had mixed infection of HPV-11 and HPV-
81.

Discussion
The ‘gold standard’ for transcriptionally active HPV de-
tection in cancer patients is the analysis of HPV E6/E7
mRNA in a tumor specimen, but this becomes technic-
ally challenging when using low-quality mRNA from
archival FFPE samples [13]. For FFPE specimens, com-
monly used HPV detection methods include HPV DNA
PCR, DNA in situ hybridization, and p16 immunohisto-
chemistry. Transcriptionally active HPV infection in-
duces the expression of the oncogenes E6 and E7 [14].
The HPV E7 oncogene product leads to overexpression
of the cyclin-dependent kinase inhibitor p16, and there-
fore p16 overexpression is often used as a marker of
HPV infection [14]. However, p16 immunohistochemis-
try may lack of specificity since it does not directly de-
tect HPV. PCR-based assays are a highly sensitive
approach to detect HPV DNA, but cannot distinguish an
infection that is involved in carcinogenesis from the inci-
dental presence of virus [13]. Instead, a combination of
p16 immunohistochemistry and GP5+/6+ PCR can be
used to determine the HPV status with high specificity
and sensitivity [15].
To the best of our knowledge, the present study is the

largest study completed in China to detect the rate of
HPV infection in SNSCC. The prevalence of HPV infec-
tion in SNSCC patients that was identified in our study
is significantly lower than previous studies in the litera-
ture. Previous studies using strict testing methods and
large samples found overall HPV infection rates of 20 to
26% in SNSCC patients [16, 17]. A retrospective study of
an American population using the National Cancer
Database found that the overall HPV infection rate was
31.7% in SNSCC patients [18]. These disparities are
mainly due to variations in HPV prevalence across geo-
graphic origins and ethnicities. The incidence of HPV
infection in head and neck cancer is high in North
America and Western Europe but low in Africa and Asia

Table 1 Clinical characteristics of patients with IP-SNSCC and
DN-SNSCC

Characteristics IP-SNSCC
(n = 30)

DN-SNSCC
(n = 84)

P

Age, in years [Median (range)] 58 (45–82) 59 (24–84) 0.654

Sex, no. (%)

Male 22 (73.3) 62 (73.8) 0.959

Female 8 (26.7) 22 (26.2)

Smoking history, no. (%)

Yes 10 (33.3) 33 (39.3) 0.564

No 20 (66.7) 51 (60.7)

Primary site, no. (%)

Nasal cavity 21(70.0) 57 (67.9) 0.828

Paranasal sinuses 9 (30.0) 27 (32.1)

T stage, no. (%)

T1+ T2 2 (6.7) 9 (10.7) 0.725

T3+ T4 28 (93.3) 75 (89.3)

N stage, no. (%)

N0 27 (90.0) 72 (85.7) 0.759

N+ 3 (10.0) 12 (14.3)

DN-SNSCC de-novo sinonasal squamous cell carcinoma, IP-SNSCC inverted
papilloma derived sinonasal squamous cell carcinoma
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[6]. Furthermore, there is a higher prevalence of HPV in-
fection in the Caucasian race [3]. HPV prevalence in the
Chinese population is lower than that of Western coun-
tries, which may be related to economic development
and lifestyle [1].
HPV types are classified as high-risk or low-risk with

respect to their tendency to cause malignant neoplasms.
The most common high-risk type is HPV-16, which ac-
counts for more than 80% of HPV-positive head and
neck tumors [19]. Similar to previous studies, eight of
nine HPV DNA-positive SNSCC patients in our study
were identified to have HPV-16. The only patient identi-
fied to have low-risk HPV types (HPV-11 and HPV-81)
was p16-negative. This suggests that this patient may
not have an HPV-related carcinoma, since HPV DNA
can also be detected in normal sinonasal mucosa. Previ-
ous studies have found that HPV-related oropharyngeal
SCC patients are less likely have a history of smoking
rates and are younger in age [20]. In our cohort, the lim-
ited number of HPV-positive SNSCC patients made it
difficult to find a relationship between HPV status and
age or smoking history.
As p16 immunohistochemistry is cost-effective and

practical, it has been widely used to define HPV status.
However, the association between HPV infection and
p16 overexpression seems to be site-specific [21].

Although p16 is a well-established surrogate marker for
HPV status in oropharyngeal SCC, the correlation be-
tween p16 and HPV is less pronounced in other tumor
locations [22]. Recent studies have suggested that p16
does not have equal specificity in head and neck regions
outside the oropharynx [23, 24]. A study based on re-
verse phase protein array data and RNA-seq found fre-
quent overexpression of p16 protein in HPV-negative
non-oropharyngeal head and neck SCC [25]. Moreover,
Belobrov et al. found that p16 is not a reliable surrogate
marker for HPV infection in oral SCC [24]. In our study,
among the 18 p16-positive SNSCC patients, HPV DNA
was identified in only three cases (3/18, 16.7%). In a re-
cent study, Sahnana et al. found 12 SNSCC patients to
be p16-positive, but only four of those 12 were HPV-
positive [26]. Bishop et al. identified 26 of 127 (20.5%)
HPV-negative sinonasal carcinomas that were p16-
positive [16]. The high frequency of p16 overexpression
in HPV-negative SNSCC demonstrates that p16 is not
an accurate surrogate marker for HPV infection. The
overexpression of p16 in SNSCC may be induced by
non-viral mechanisms, such as genetic alteration or
functional mutation [27]. Some studies have found that
overexpression of p16 can be an independent favorable
prognostic indicator for head and neck cancer, regard-
less of HPV status or tumor site [28, 29]. However,
poorer survival of p16+/HPV- oropharyngeal SCC pa-
tients has also been reported [30]. In our study, we did
not find a survival advantage for p16-positive SNSCC
(dates are not shown in result), although the low num-
ber of p16-positive patients in our cohort may have re-
duced the statistical power.
HPV has been implicated in the pathogenesis of IP

and high-risk HPV types appear to increase the risk of
developing SCC [9]. However, very recent studies have
shown that HPV is most likely not an etiological driver
of IP development or progression to SCC [31, 32]. In
our study, the prevalence of HPV DNA was significantly
higher in IP-SNSCC patients than in DN-SNSCC pa-
tients (20% vs 3.8%, p = 0.014). However, only one of six

Table 2 Prevalence of Human Papillomavirus in IP-SNSCC and
DN-SNSCC

Test IP-SNSCC (n = 30) DN-SNSCC (n = 84) p

p16 (+) 2(6.7%) 16(19.0%) 0.110

(−) 28(93.3%) 68(81.0%)

HPV DNA PCR (+) 6(20.0%) 3(3.6%) 0.014a

(−) 24(80.0%) 81(96.4%)

p16 combine PCR (+) 1(3.3%) 2(2.4%) 0.780

(−) 29(96.7%) 82(97.6%)
a:p < 0.05 DN-SNSCC de-novo sinonasal squamous cell carcinoma, IP-SNSCC
inverted papilloma derived sinonasal squamous cell carcinoma

Fig. 1 The representative immunohistochemical staining of p16 (100×). a p16 negative; b p16 positive in IP-SNSCC; c p16 positive in DN-SNSCC.
DN-SNSCC: de-novo sinonasal squamous cell carcinoma; IP-SNSCC: inverted papilloma derived sinonasal squamous cell carcinoma
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HPV-positive IP-SNSCC patients exhibited high p16
expression. Lack of p16 overexpression, despite the
presence of high-risk HPV DNA, indicates that viral
DNA may be a bystander rather than a driver in IP-
SNSCC progression. In agreement with our study, no
transcriptionally active HPV has been previously re-
ported in patients with IP-SNSCC [33]. We speculate
that HPV may not play a vital role in the malignant
transformation of IP.
The improved prognosis for HPV-positive oropharyn-

geal tumors has been well established. However, there is
not sufficient evidence to demonstrate better survival
rates with HPV-positive SNSCC. In our study, we were
not able to analyze the association between disease prog-
nosis and HPV status due to a limited number of HPV-
positive patients. Although some previous studies have
reported a better outcome for HPV-related SNSCC,
others did not find a difference in survival [16, 17, 34,
35]. These investigations were all single-center retro-
spective studies with small sample sizes. Moreover, these
studies often combined data for DN-SNSCC and IP-
SNSCC patients in their findings. Some reports have de-
scribed improved survival outcomes specifically for IP-
SNSCC patients [36, 37]. Due to the limitations of these
studies, the prognostic value of HPV in SNSCC requires
additional studies with careful attention to tumor type
and larger sample sizes. Recently, using a large cohort
from the National Cancer Database, Suat et al. found
that HPV was a favorable prognostic factor in SNSCC
[18]. However, the selection bias and dissimilar HPV
testing in the database may confound this conclusion.
Further studies are required to determine if HPV is a fa-
vorable prognostic factor in SNSCC.

Conclusion
In conclusion, immunostaining for p16 is not a reliable
surrogate marker of HPV status in SNSCC. The pres-
ence of HPV is rarely detected in DN-SNSCC patients in

Eastern China. We found that the presence of HPV
DNA was significantly higher in IP-SNSCC patients than
in DN-SNSCC patients. However, IP-SNSCC patients
frequently lack of p16 overexpression despite the pres-
ence of high-risk HPV DNA.
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