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ABSTRACT

Background: Human papillomavirus (HPV) is an established prognostic marker in oropharyngeal squa-
mous cell carcinoma. Currently, the role of HPV in sinonasal carcinoma is being explored.

Objectives: This systematic review addresses the role of HPV in sinonasal cancer, establishing the
occurrence of HPV-positive cancers and the influence of HPV-positivity on prognosis in sinonasal can-
cer as well as the utility of the putative surrogate marker of HPV (p16) in sinonasal cancer.

Material and methods: Studies were identified with searches of Medline via PubMed and Embase via
OVID (4 May 2020). Articles on original research concerning sinonasal cancer and HPV in humans writ-
ten in English were included. Case reports with less than five cases were excluded.

Results: Initially, 545 articles were identified; 190 duplicate articles were removed leaving 355 articles
for title/abstract screening. Title/abstract screening excluded 243 articles, leaving 112 studies assessed
for eligibility. After full-text screening, 57 studies were included. All articles investigated the signifi-
cance of HPV in sinonasal carcinomas. HPV was reported in approximately 30% of sinonasal squamous
cell carcinoma (SNSCC), where it was associated with a better prognosis. In sinonasal cancer, p16 is
associated with diagnostic pitfalls and a putative utility of p16 in SNSCC has yet to be established.
HPV was not frequently reported in other types of sinonasal carcinomas, besides the recently
described subtype, HPV-dependent Multiphenotypic Sinonasal Carcinoma. In other types of sinonasal
carcinoma, HPV is not frequently found.

Conclusion: Approximately 30% of SNSCC are HPV-positive. HPV-positivity in SNSCC is associated with
improved survival. HPV occurs only rarely in other sinonasal cancers. There is currently not sufficient
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evidence for p16 as a surrogate marker of HPV in SNSCC.

Background

With recent studies suggesting that Human Papillomavirus
(HPV) can play a significant role in the development and
prognosis of certain types of sinonasal carcinoma, we sys-
tematically reviewed current evidence of the presence of
HPV in sinonasal cancers and the prognostic significance of
HPV-positivity [1-3].

General background

The majority of sinonasal cancers are carcinomas, of which
the most frequent, sinonasal squamous cell carcinoma
(SNSCC), may be associated with HPV [1-4]. HPV-positive
SNSCCs may have a better prognosis than HPV-negative
SNSCCs drawing parallels to oropharyngeal squamous cell
carcinomas (OPSCC) [5-8]. The occurrence and prognostic
significance of HPV in sinonasal cancer are however still
uncertain. Several different methods have been used to
determine the HPV status of tumor samples in the studies
included in this review: detection of indirect markers such as
p16 protein with immunohistochemistry (IHC); in situ hybrid-
ization (ISH); or detection of viral mMRNA or viral DNA (with or

without polymerase chain reaction (PCR)) [9]. These different
detection methods constitute a challenge in assessing the
true occurrence of active HPV infection. Currently, the gold
standard for assessing HPV status in head and neck squa-
mous cell carcinomas is the detection of active HPV infection
with the use of HPV mRNA ISH and a possible utility of p16
has yet to be established [10].

Human papillomavirus (HPV) and p16

More than 200 HPV genotypes have been identified, includ-
ing the so-called high-risk HPV types with oncogenic poten-
tial, e.g., HPV16 and HPV18 [11-13]. In persistent high-risk
HPV infection, HPV DNA is incorporated into the host gen-
ome, eventually leading to the genome destabilization seen
in cancer [13].

Sinonasal squamous cell carcinomas (SNSCC)

SNSCCs are subdivided into keratinizing (KSCC), non-kerati-
nizing (NKSCC), and other less frequent subtypes (Figure 1).
SNSCC can arise de novo or originate from a group of benign
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Figure 1. Sinonasal squamous cell carcinoma and subtypes according to WHO Classification of Head and Neck Tumors, 4" edition, International Agency for

Research of Cancer, Lyon 2017.

sinonasal tumors; the sinonasal papillomas [14-16]. SNSCC
arising in a sinonasal papilloma can occur within the papil-
loma (synchronous) or develop at the site of a previously
resected papilloma (metachronous) [17]—the incidence rate
of carcinoma associated with sinonasal papillomas is approxi-
mately 0.38 cases per million per year [18].

Since the 1980s, HPV has been considered a potential cul-
prit in both the initiation as well as the malignant transform-
ation of sinonasal papillomas to SNSCC. Of the three types of
sinonasal papillomas, inverting papilloma (IP) is the most
common, exophytic papilloma (EP) second most common
and oncocytic papilloma (OP) the rarest. HPV seems to play a
role in both IP and EP whereas OP has no apparent HPV
association [17,19]. IP is associated with malignancy in
5-15% of cases (syn- and metachronous), whereas malignant
transformation in EP and OP is a very rare event [17]. Several
studies have investigated the occurrence of HPV in sinonasal
papillomas, but due to an immense discrepancy in HPV-
detection rate, the true significance of HPV in these remains
unknown [16,20-23].

HPV-related multiphenotypic sinonasal
carcinoma (HMSC)

In recent years, a new type of sinonasal carcinoma, HPV-
related multiphenotypic sinonasal carcinoma (HMSC), provi-
sionally classified as a subtype of SNSCC by WHO, has been
identified [24-26]. Previously, some of these carcinomas have
been misdiagnosed as adenoid cystic carcinomas (ACC),
which the first described cases bore resemblance to [27].
HMSC usually contains HPV33 or HPV35 and is associated
with a better prognosis than the advanced stage often seen
at presentation would suggest. HMSC tends to show strong
nuclear and cytoplasmic p16 staining and does not harbor
the gene fusions often found in ACC [27].

Other sinonasal carcinomas with uncertain relation
to HPV

The following carcinomas can pose a diagnostic challenge
due to histomorphological similarities with HPV-positive car-
cinomas: adenoid cystic carcinoma (ACC) is the second most
common sinonasal tract cancer (following SNSCC), account-
ing for 10-18% of all sinonasal malignant neoplasms [28].
ACC shares some morphological traits with HMSC, previously
known as HPV-related carcinoma with Adenoid Cystic-Like
features. In ACC, the role of HPV has yet to be clarified, but
the occurrence of HPV in ACC appears to be low [29].

Sinonasal undifferentiated carcinoma (SNUC) is a rare and
aggressive neoplasm, with a poor prognosis [30]. Several
histological features are shared with other neoplasms of the
sinonasal tract (esthesioneuroblastoma, small-cell undifferen-
tiated neuroendocrine carcinoma, NUT midline carcinoma,
malignant mucosal melanoma among others) [8].

NUT midline carcinomas are rare epithelial malignancies
of the midline (head and neck region and mediastinum) with
no association to HPV demonstrated. They are characterized
by chromosomal rearrangement involving the gene encoding
a nuclear protein of the testis (NUT). The carcinomas range
from undifferentiated carcinomas to carcinomas with squa-
mous differentiation [31,32].

SMARCB1-deficient carcinomas are a recently described
entity of sinonasal carcinoma characterized by the loss of
nuclear expression of the SMARCBT gene. Loss of SMARCB1
expression has also been described in other tumors, such as
epithelioid sarcomas. SMARCB1-deficient carcinomas do not
appear to be associated with HPV [33,34].

Material and methods

Adhering to the PRISMA guidelines [35], studies were identi-
fied with searches of Medline via PubMed and Embase via
OVID (4 May 2020).



The following terms (including MeSH terms) were used:

Sinonasal/ethmoid/maxillary/frontal/sphenoid

Malignan*/cancer/carcinoma

HPV/human papillomavirus/human papilloma virus

Articles containing original research results concerning
sinonasal cancer and HPV in humans written in English were
included. Nonsystematic reviews and reviews not reporting
search strategies were excluded. Other articles not contain-
ing original data were also excluded. Case reports containing
less than five cases were not included. Conference abstracts
were not included.

Information on study population, occurrence of HPV

Literature was managed using Covidence (covidence.org). SS
and KA performed Title/abstract screening independently. SS
performed full-text screening and data extraction.

This study was registered in Prospero before data extrac-
tion: id CRD42020173508.

Results

Initially, 545 articles were identified; 190 duplicate articles
were removed leaving 355 articles for title/abstract screen-
ing. This excluded 243 articles including 23 articles in the
non-English language, leaving 111 studies to be assessed for
eligibility. After full-text screening, 57 studies were included
(Figure 2).

Selection of articles

Articles containing original research on HPV and sinonasal
cancer in more than five patients were included, regardless
of detection method—studies using p16 as a single marker

545 studies imported for screening -----------* 190 duplicates removed

_____________

355 studies screened 243 studies irrelevant

N
112 full-text articles assessed

55 studies excluded

Figure 2. Of 545 studies imported, 57 studies contained data on sinonasal can-
cer and the occurrence of HPV. Studies containing less than five cancers were
excluded, as studied in other languages than English, conference abstracts,
studies reporting on the same population as other included studies.

57 studies included
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for HPV identification were not included. Due to the scarcity
of studies, we included studies on selected cohorts as well
as register-based studies.

Several articles examined more than one histological type;
results for these are reported separately for each histology.
SNSCC was investigated in 34 studies (Table 1); SNSCC asso-
ciated with sinonasal inverted papilloma (SNSCC/IP) in 22
studies (Table 2); ACC in six studies (Table 3); HMSC in seven;
and SNUC in six studies (Table 4) (Figure 3).

Sinonasal squamous cell carcinoma (SNSCC)

Several studies examined the occurrence of HPV in SNSCC
and whether HPV status was associated with a better prog-
nosis: Alos et al. (2009) reported a median disease-free sur-
vival of 36 months in the HPV-positive group (n=12) and
14 months in the HPV-negative group (n=48); HPV-status
was associated with progression-free survival in a multivari-
ate analysis. Using immunohistochemistry for p16, they
reported 100% sensitivity and specificity for the detection of
HPV-positive tumors [59]. Larque et al. (2014). also reported
that a statistically significant difference in mean overall sur-
vival was seen with the best prognosis in the HPV-positive
group (n=14), all of which showed a strong and diffuse p16
staining (no HPV-negative tumor was p16+) [52]. Chowdhury
et al. (2017) examined 26 cases of SNSCC using HPV DNA
PCR, 16 of these were HPV-positive; an improved median sur-
vival was reported for the HPV-positive patients (54 months
vs. 12months median survival in HPV-negative patients,
p <0.005). In a large register-based study using data from
the National Cancer Database (the USA, 2010-2014), Kili¢
et al. (2017) compared the survival of 770 cases with known
HPV status (31.7% HPV-positive) reporting a better five-year
survival in HPV-positive patients. Nasal cavity tumors were
more likely to be HPV-positive than sinus tumors, as were
NKSCC, papillary, and basaloid tumors compared with KSCC
[8]. Oliver et al. (2019) also used data from the National
Cancer Database (the USA, 2010-2016); of 6458 patients,
HPV status was known in 1442 patients. They compared sur-
vival in 128 cases of HPV-positive SNSCC matched with the
128 most similar HPV-negative SNSCC cases and found a
higher three-year overall survival rate in patients with HPV-
positive SNSCC [54]. Cohen et al. (2020) reported improved
overall survival and progression-free survival in the HPV-posi-
tive group of their study (n=10), with one mortality in the
HPV-positive group and three in the HPV-negative group
[42], as did Jiromaru et al. (2020) with none of the patients
with HPV-positive SNSCC reported dead. They also reported
a better prognosis in patients with p16+ SNSCC [38].

Of the studies investigating the prognostic significance of
HPV in SNSCC, only Doescher et al. (2015) found no correl-
ation between HPV status and metastasis status or survival in
a group of 42 patients with SNSCC, three of which were
HPV-positive [37].

In summary, SNSCC and HPV was the subject of 34 stud-
ies published from 1989 to 2020 (Table 1, Figure 4). The
occurrence of HPV in SNSCC ranged from 0-62%. HPV detec-
tion was based on one method in 21 studies (13 studies
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Table 1. Continued.

Study timespan
Country

Number

Significance of HPV

HPV detection method

% HPV
28 %

of cases
48

Study population

Article

HPV16 OG 18 DNA PCR

1980-1997
Japan

Sinonasal tumors (n = 76)

Down-regulation of p27Kip1 expression is

correlated with increased cell proliferation but
not the expression of p21waf1 and p53, and

human papillomavirus infection in benign and

malignant tumors of sinonasal regions

Saegusa et al. [67] (1999)

28 % HPV+

2025 samples

TOTAL
Sinonasal squamous cell carcinoma occurrence and significance of HPV in sinonasal squamous cell carcinoma. Of a total of 2025 cases, 558 were HPV-positive (28%). Eleven of the studies reported outcomes; nine of

them improved survival in HPV-positive tumors, one a non-significant improvement in HPV-positive tumors and one study found no difference in survival.
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used DNA PCR alone, six studies used HPV DNA ISH alone),
the remaining studies used more than one method
of detection.

Of 11 studies investigating prognosis, nine studies
(n=1235 patients) reported an improved prognosis in HPV-
positive cases, one (n=49 patients) reported a non-signifi-
cant improvement in survival and one study (n =44 patients)
did not find any difference in survival.

The value of p16 as a surrogate marker for HPV positivity
in SNSCC was examined in 11 studies comprising in total of
497 patients. Three of the larger studies (n=231) reported
high sensitivity and specificity, which was not reported in
most of the remaining studies (Table 5) [38,52,59].

In total, 28% of 2025 examined cases of SNSCC were HPV-
positive (Table 1, Figure 4(A)). A significantly improved prog-
nosis in HPV -+ SNSCC was reported by nine studies, one
study found no correlation between HPV-status and survival
[8,37,38,42,47,52,54,59-61,64].

SNSCC associated with sinonasal papilloma (SNSCC/IP)

In addition to the studies examining the occurrence of HPV
in SNSCC, 22 studies investigated HPV in SNSCC associated
with IP (SNSNSCC/IP). In total, 216 cases of SNSCC/IP/IP were
examined, 27% were HPV-positive. No studies relied on p16
IHC alone (Table 2, Figure 4(B)).

A total of eight SNSCC originated in EP. Of these, five
were HPV-positive (63%) [18,69,74].

HPV-dependent multiphenotypic sinonasal
carcinoma (HMSC)

HMSCs are per definition HPV-positive (most frequently
HPV33). The presence of HPV lead to the discovery of this
newly described entity, which appears to be associated with
a propensity for recurrences, but high survival [42,76,78-811.

Adenoid cystic carcinoma

Five studies examined adenoid cystic carcinoma of the sino-
nasal tract. Of 156 examined cases, only one was HPV posi-
tive. As this sample was positive for HPV33, it probably
represented HMSC.

Thompson et al. (2014) examined 86 patients with ACC,
none of which were HPV-positive [28]. Chmelafova et al.
(2016) investigated tissue samples from 64 patients with
sinonasal carcinoma; six were ACC (all HPV-negative). Hang
et al. (2017) investigated all ACC and carcinoma with adenoid
cystic-like features (currently HMSCQ): of 19 identified tumors,
14 were ACC. None of the ACCs were HPV-positive, one had
p16 overexpression [76]. Similarly, Laco et al. (2016) identified
seven ACC in a larger cohort of sinonasal carcinomas, none
of the ACC were HPV-positive [64]. Miller et al. (2017) exam-
ined 17 tissue samples from patients with ACC, identifying
HPV33 in one of these—this sample also showed p16 over-
expression [29]. As part of a large cohort of sinonasal carci-
nomas, Bishop et al. (2013) examined 26 ACC, none of which
were HPV-positive [60]. Four studies compared p16
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tumors had a better prognosis than their HPV-negative counter-
parts [7]. In studies originally investigating HPV and sinonasal
papillomas, detection of HPV in SNSCC/IP raised the question of
whether HPV was involved in sinonasal cancer.

In this review, we find that around 30% of SNSCC (both
with and without association to inverted papilloma) are HPV-
positive. This is in line with the reported incidence in a

systematic review of SNSCC [14]. We have considered
SNSCC/IP papilloma separately as some studies report gen-
omic differences between these and de novo SNSCC [53].
The occurrence of HPV in these two groups of SNSCC how-
ever is similar. The apparent improvement in prognosis asso-
ciated with HPV positivity warrants further studies of SNSCC
as well as other sinonasal carcinomas.
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Table 5. p16 Overexpression in sinonasal cancer.

Study Tumor type (number of cases)

Correlation of p16+ and HPV-status

ACC (n=86)

ACC (n=7)

SNSCC (n=49)

ACC, NKSCC, SCNEC, and SNUC

Thompson et al. [28]
Laco et al. [64]

Miller et al. [29]
Bishop et al. [36]

ACC (n=17)
ACC (n=126)
Intestinal type adenocarcinoma (n=1)
Non-intestinal type adenocarcinoma
High-grade (n=4)
Low-grade (n=2)
Myoepithelial carcinoma (n=3)
Mucoepidermoid carcinoma (n =2)
Acinic cell carcinoma (n=1)

Epithelial-myoepithelial carcinoma (n=1)

Adenocarcinoma, not specified (n=1)

SNUC (n=16

SNSCC (n=7)
Gray et al. [77] SNUC (n=19)
Wadsworth et al. [30] SNUC (n=15)

Agaimy et al. [33]

Alos et al. [59] SNSCC (n = 60)

El-Mofty et al. [63] KSCC (n=21)
NKSCC (n=28)
SNUC (n=10)
Larque et al. [52] SNSCC (n=70)
Doescher et al. [37] SNSCC (n=44)
Chowdhury et al. [61] SNSCC (n = 26)
Cohen et al. [42] SNSCC (n=47)
Jiromaru et el [38] SNSCC (n=101)
Mehrad et al. [65] SNSCC (n=7)

SNSCC/IP (n=5)
Sahnane et al. [48] SNSCC (n=12)
SNSCC/IP (n=19)
Yamashita et al. [57] SNSCC (n=16)
SNSCC/IP (n=5)

SMARCB1-deficient sinonasal carcinoma (n = 39)

All tumor p16+, no HPV+

Six of seven tumors p16+, no HPV+

Two of 18 HPV + cases were p16 negative (NKSCC,
KSCQ)

16 of 25 p16+ were HPV+. Of 16 p16 + 15 were
HPV+.

Nine cases were p16+/HPV-

Two tumors p16+, one of these HPV33+

Three of 26 tumors were p16-+, no HPV+

P16-, HPV-

None p16+, no HPV+

Two tumors p16+, no HPV+

All p16-, HPV-

One p16+, both HPV-

P16-, HPV-

P16-, HPV-

P16-, HPV-

Four p16+

Three of four HPV + p16+

Four of five HPV- P16-

11 p16+, nine of these HPV+

Five p16+, no HPV+

Four of 29 tested were p16+, no HPV+

Sensitivity 100%, specificity 100%

Four HPV + cases, one p16+

Four HPV + cases, five cases were p16+

One of ten cases p16+

Sensitivity 100%, specificity 100%

Three of 42 tumors both HPV and P16+

17 of 19 HPV + samples p16+

90%, 67% for p16 expression detecting HPV+

100%, 93.5%, but a positive predictive value of
60% (40% of cases with p16+ were HPV-)

Five of seven were p16 positive, HR-HPV found in
all p16+ SNSCCs

All SNSCC/IP were HPV negative

HPV identified in 11% of SNSCC/IP and none of
SNSCC. In 12/34 samples, p16 overexpression
was identified, no data on correlation with HPV

Four cases of SNSCC were HPV-; one of these was
p16+. One HPV- case was p16+.

Two cases of SNSCC/IP were HPV+, both were
p16+. No HPV- cases were p16+.

Applicability of p16 as a surrogate marker for HPV-infection in sinonasal cancer. The highest sensitivity and specificity were reported in SNSCC. Potential pitfalls

are ACC (p16+, HPV-negative), SNUC (p16+, HPV-negative).

The discovery of HMSC clearly illustrates that HPV can
play a significant role in the development of sinonasal carci-
nomas and those new entities can still be discovered within
the multitude of sinonasal cancers.

HPV does not seem to be associated with sinonasal can-
cers such as ACC; SMARCB1-deficient sinonasal carcinoma;
salivary gland carcinoma; NUT midline carcinoma; HGNEC;
and adenocarcinomas, although the total number of
reported cases is low. HPV-detection in SNUC varied greatly,
with HPV identified in two of six studies, of which Gray et al.
discovered HPV in 63% and found improved survival in those
tumors positive for p16 and HPV [77]. Besides the cases from
this study, only one case of HPV-positive SNUC was discov-
ered [63]. The great difference in HPV-detection in SNUC
gives the thought that some tumors were perhaps misclassi-
fied, although only a few cases were studied.

Overexpression of p16 as a surrogate marker for high-risk
HPV in SNSCC is not recommended due to minimal evidence
[83]. The majority of studies were however not designed to
evaluate the value of p16 as a surrogate marker for the pres-
ence of HPV in sinonasal cancer and several types of other

carcinomas show overexpression of p16 without the pres-
ence of HPV (Table 5). Thus, methods that detect mRNA of
the E6 and E7 proteins are currently considered the gold
standard of HPV detection, but this technique requires sam-
ples to be stored immediately in RNAlater and is thus not
always feasible [10].

As this review demonstrates, current knowledge of the
significance of HPV in SNSCC is derived from several small
studies. Most studies did not investigate all consecutive
patients and thus introduces a risk of selection bias.

Only two large studies were identified; two American
register-based studies. Even though these studies contained
a large number of cases, there is a risk of selection bias due
to the privately financed health care system in the USA. This
is clearly illustrated by the study by Oliver et al. (2020), identi-
fying 6458 American patients with SNSCC, of which 78% of
patients had an unknown HPV status. Another bias is intro-
duced by the fact that not all studies account for the histo-
logical subtype of the SNSCCs. NKSCC seems to be more
likely than other subtypes of SNSCC to contain
HPV [8,22,59,63,64].



A further limitation is the different methods of HPV detec-
tion used in the studies, which may represent a risk of bias;
it is however beyond the scope of this review to give
detailed accounts of the applicability and validity of the dif-
ferent techniques. Conflicting results in different detection
methods and the significance of this also further confuse the
matter [22,64].

In conclusion, HPV is identified in approximately 30% of
SNSCC (regardless of association to IP) where it appears to
be linked with improved prognosis. Most of the studies
included in this review are of selected cases, only a few stud-
ies have examined all consecutive cancers and only one
nationwide study was identified. The disparities in HPV-
detection rates in sinonasal carcinomas over time may be
due to evolving detection methods. With this in mind, rou-
tine HPV-testing in SNSCC could add valuable prognostic
information for the benefit of the patients. The value of p16
as a surrogate marker of HPV in SNSCC, if any, is not yet
established.

In the absence of large prospective studies examining the
significance of HPV in sinonasal cancer, we cannot with a
great degree of certainty declare HPV a prognostic factor in
SNSCC—current knowledge does however justify such a
study, preferably as a multicenter study to obtain the num-
ber of patients needed to establish this.
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