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Abstract

Purpose of Review The purpose of this review is to convey to the reader the most recent literature on the association between
human papillomavirus (HPV) and sinonasal malignancies.

Recent Findings In recent years, HPV has been recognized as an etiological factor in sinonasal squamous cell carcinomas
(SN-SCCs). Studies find that 28% of SN-SCCs are HPV positive, mostly HPV-16 and -18. Inverted papillomas (IPs), sinona-
sal benign epithelial neoplasms, have also been associated with HPV and by extension malignant transformation to SCC.
Despite repeated detection of HPV in IPs, the association remains controversial. Furthermore, a new unique histological
tumor type, HPV-related multiphenotypic sinonasal carcinoma, has been described. Studies indicate that HPV-positive sinon-
asal malignancies have a decreased mortality compared to HPV-negative tumors, much like other head and neck carcinomas.
Summary A significant proportion of sinonasal malignancies are caused by HPV. Several subtypes have been found, but

further studies on clinical outcome are needed.
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Introduction

Sinonasal malignancies are rare, accounting for< 1% of all
malignant tumors and approximately 3 —5% of all head and
neck cancers [1]. Most sinonasal cancers have an epithelial
histology, with squamous cell carcinoma (SCC) being the most
common. As in SCC of other sites in the head and neck, human
papillomavirus (HPV) is a recognized etiological factor [2, 3].
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In general, HPV-related tumors are a distinct entity, and
the carcinogenic effect of HPV infection on a molecular
level has been thoroughly investigated. Even though the
molecular patterns in HPV-infected cells that undergo malig-
nant transformation are the same, the pathological and clini-
cal behavior varies from subsite to subsite [4].

Because of the rarity of sinonasal malignancies, the epi-
demiology, clinical and pathological presentation, overall
survival, and treatment outcomes are not completely under-
stood. The purpose of this review is to summarize the cur-
rent knowledge on HPV-related sinonasal malignancies and
present recent discoveries. This review will primarily be
based on studies published in 2017 and after, though some
classical work on the subject will be included.

The sinonasal space is comprised of the nasal cavity with
four paired paranasal sinuses connected via openings to the
nasal cavity. The nasal cavity extends from the nasal ves-
tibule to the choana through which it communicates with
the nasopharynx. It is the most cephalic part of the upper
respiratory tract, and the surface is covered with ciliated
pseudostratified epithelium with a secretory component.
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Benign Sinonasal Papillomas: The
Association to HPV Infection and Malignant
Transformation

Sinonasal papilloma is a common benign epithelial neo-
plasm. It is morphologically classified into three distinct
subtypes: exophytic (everted) squamous cell papilloma,
inverted papilloma, and oncocytic papilloma. Histologi-
cally, sinonasal papillomas are mostly covered by non-
keratinized epithelium and display some degree of stromal
inflammation, which has been suspected to play a role in
the initiation and formation of neoplastic growth [5]. Papil-
lomas often recur, but inverted and oncocytic papillomas are
especially prone to undergo malignant transformation; this
very rarely happens in exophytic papillomas, which in con-
trast to the two other types most often are multicentric [6].

Inverted papillomas are the most prevalent subtype, with
an annual prevalence of 0.2 — 1.5 cases per 100,000 persons
[7e]. Inverted papillomas primarily arise in the lateral nasal
wall and can extend into the paranasal sinuses. They exhibit
aggressive local growth and a high rate of recurrence of
up to 34% [7e]. Lesions can consist of cells with different
grades of metaplasia and/or dysplasia, and transformation to
SCC has been shown to occur in about 10% of cases [8, 9].

It is estimated that approximately one-third of the pap-
illomas harbor HPV-DNA [6]. The prevalence varies in
studies and is 60 — 100% in the exophytic papillomas and
10 —40% in inverted papillomas. Almost none of the onco-
cytic papillomas are HPV positive [6, 10, 11]. HPV is
suspected to be involved in the pathogenesis of both ini-
tiation of papilloma formation and the subsequent malig-
nant transformation [6, 10, 11]. However, there is a lack of
extensive homogeneous studies to establish this associa-
tion, which is why it remains controversial [5].

Sinonasal Squamous Cell Carcinomas

Malignant sinonasal tumors are a histologically diverse
group. The most common epithelial types are SCC
(60 —75%), followed by adenocarcinoma (15%), and ade-
noid cystic carcinoma (10%) [12]. The sinonasal space has
the smallest fraction of SCCs in the entire head and neck
area. This may be due to many functions of the sinonasal
membrane, potentially giving rise to a wider array of neo-
plasms. Apart from a few extremely rare subtypes, SCCs
can be further subdivided by histopathology into keratiniz-
ing type, non-keratinizing type, basaloid type, and papil-
lary type. The keratinizing-type SCC (K-SCC) is the most
common in the sinonasal space, which is comparable to
rates seen in the rest of the upper aerodigestive tract. K-SCC
comprise 35 —50% of the SCCs, while the non-keratinizing-
type SCC (NK-SCC) accounts for 15 —25% [13].
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SN-SCC has a 2:1 male predominance, and more than 80%
of the patients are older than 55 at the time of diagnosis [13].
Exposure to industrial compounds such as welding fumes,
organic solvents, and leather dust has been associated with
the development of SN-SCC [14]. The oncogenic mechanism
is not fully understood, but it is suspected to be a matter of
geno- and/or immunotoxicity. Smoking has also been associ-
ated with the risk of developing SN-SCC but has not been
found to be as significant driver of carcinogenesis as in other
head and neck subsites [13].

The maxillary sinus is the most common affected site
(60%), followed by the nasal cavity (25%), and ethmoid sinus
(10—15%). SN-SCC is rarely found in the frontal and sphenoid
sinuses (1 —2%) [13]. Sinonasal tumors present with unspecific
symptoms, e.g., nasal discharge, obstruction or congestion,
epistaxis, facial pain, and/or headache. Tumors located in the
nasal cavity will often present at an earlier stage due to more
obvious symptoms, while paranasal sinus tumors usually exhibit
more insidious symptoms, leading to diagnostic delay [15].

In a retrospective study on 537 patients from the American
National Cancer Database, Al-Qurayishi et al. found that 33%
of patients had T1/T2, while 32% had T3/T4 tumors at the time
of diagnosis. Close to 30% of all tumors had nodal involve-
ment; only a few presented with distant metastases [16ee]. For
staging purposes, SN-SCCs are divided into maxillary sinus
tumors and nasoethmoidal tumors. In a study by Ahn et al., the
authors found that among 1283 patients from the Surveillance,
Epidemiology, and End Results (SEER) database, about 20%
of maxillary sinus tumors had nodal involvement at the time
of diagnosis compared to about 10% of nasal cavity tumors
[17]. This is probably due to the advanced T stage of maxil-
lary tumors and local differences in the drainage pattern of
sinonasal compartments, both associated with a poorer prog-
nosis [18]. In a small single-center study on 47 patients with
SN-SCC of the nasoethmoidal complex, Janik et al. found
that septal and ethmoid tumors more frequently presented as
advanced-stage disease. Moreover, lymph node metastases
were more prevalent in septal tumors, presumably leading to
a worse prognosis [19]. Similar studies on sphenoid and frontal
sinus tumors are scarce due to the rarity of these tumors.

Human Papillomavirus

Human papillomavirus (HPV) is a double-stranded DNA virus
belonging to a family of more than 200 subtypes (Papilloma-
viridae) [20]. The virus is known to infect the keratinocytes
of epithelial surface cells, and it is the most common sexually
transmitted infection worldwide [20].

Infection with low-risk HPV subtypes (e.g., HPV 6, 11, 42,
54, 57, 83) causes benign hyperproliferative lesions as con-
dylomata acuminate, verruca vulgaris, recurrent respiratory
papillomas, and probably also exophytic papillomas [21].
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For five decades, HPV has been known to be associated
with the development of carcinomas. In the early 1980s, two
high-risk subtypes, HPV-16 and HPV-18, were isolated in
cervical cancer [22]. Today, several high-risk HPV subtypes
(e.g., 16, 18, 31, 33, 35, 45, 51, 52, 56, 58, 59) have been
identified, though HPV-16 and -18 are still the most preva-
lent and have the greatest malignant potential. Moreover,
recent studies have estimated that approximately 5% of all
cancers worldwide are caused by HPV infection [23].

Carcinogenesis

HPYV integrates in the host-cell DNA causing alterations in
the genome and transcription of proteins. To date, the viral
oncogenes E6 and E7 are the most studied. They are overex-
pressed in cells infected with high-risk HPV and contribute
to all six main phenotypic alterations of cancer cells, known
as the “hallmarks of cancer” [24e]. Through several mecha-
nisms, they induce carcinogenesis by dysregulation of the
cell cycle. E6 inactivates p53, a tumor suppressor that under
normal circumstances regulates the cell cycle. E6 induces
ubiquitination of p53 which leads to deregulation of the
effect of p53 on the cell cycle. Under normal circumstances,
p53 would halt cells with damaged DNA at the G1/S regula-
tion point and initiate apoptosis if the damage is irreparable.
The second oncoprotein, E7, inhibits the tumor suppressor
Rb (retinoblastoma) by phosphorylation. When Rb is inac-
tivated, the transcription factor E2F is translocated into the
nucleus, where it interacts with the cell cycle, resulting in
cell proliferation [25]. Furthermore, these oncogenes lead
to the transcription and overexpression of T-cell-regulating
ligands (e.g., PDL1) which allow for immune evasion in
HPV-infected cells [26].

In general, malignant neoplasms are often characterized
by expression of genes that control cell motility, angio-
genesis, and epithelial-mesenchymal transition, leading to
an aggressive clinical behavior. Conversely, HPV-induced
malignancies predominantly express genes that mediate
changes in genes involved in proliferation, making the clini-
cal behavior less aggressive [25].

Detection of HPV

HPV-DNA can be detected in paraffin-embedded tissues
either via polymerase chain reaction (PCR), a reproducible
and precise technique, or by in situ hybridization (ISH) where
virus is directly visualized in the tumor cells, eliminating the
risk of false-positive test results from contamination. How-
ever, detecting HPV-DNA does not distinguish between latent
infection and carcinogenic transcriptionally active infection.

The golden standard for HPV diagnostics is the detection of
the HPV oncogenes E6 and E7 mRNA by reverse transcriptase

PCR (RT-PCR) or ISH showing excellent sensitivity and speci-
ficity, albeit RT-PCR requires fresh-frozen specimens and
mRNA deteriorates quickly [27, 28].

In oropharyngeal SCC (OP-SCC), it is recommended to
routinely screen for p16 by immunohistochemistry (IHC) as
a surrogate marker for infection with transcriptionally active
HPV. p16 is a tumor-suppressor protein that is often, but not
exclusively, overexpressed in HPV-infected cells because of
the degradation of Rb by E7. In SN-SCCs, numerous stud-
ies have investigated the role of p16 as a surrogate marker
for active HPV infection. However, results diverge both in
regards to sensitivity and specificity, resulting in the exclu-
sion of p16 in routine diagnostic in SN-SCC [29, 30e, 31].
Therefore, a combination of approaches remains the pre-
ferred detection method in SN-SCC [29, 30e, 31].

The Role of Human Papillomavirus
in Sinonasal Malignancies

In 1989, Klemi et al. published the first study proving the
presence of HPV in sinonasal papillomas and the virus’
association to malignant transformation to SCC [32]. Sub-
sequently, several studies have detected HPV in de novo
and ex-papilloma SN-SCC. So much so, that in 2017, HPV-
related sinonasal carcinoma was added to the chapter about
tumors in the nasal cavity, paranasal sinuses, and skull base
in the updated version of the WHO Classification of Head
and Neck Tumors [33].

Studies published after 2017 report very different rates
of HPV positivity in SN-SCC, ranging from 20 to 60% [31,
34]. Because of the rarity of sinonasal cancers, studies are
generally small, retrospective, single center, and very heter-
ogenous regarding detection methods. In a recent systematic
review including 2025 patients, Sjostedt et al. found HPV
positivity in 28% of all SN-SCCs [35ee].

In SN-SCC, HPV-16 is the prevailing subtype, followed
by HPV-18, -31, and -33, either alone or in combination
with other HPV subtypes [31, 34, 36, 37]. This is compa-
rable to HPV-related tumors of other areas of the head and
neck [11]. Beside the most common subtypes, some stud-
ies have detected rarer subtypes including, e.g., HPV-39,
-45, -56, and -82 (Fig. 1) [34, 37]. Most studies have found
HPV-positive SN-SCC to be of non-keratinizing, papillary,
or basaloid histology [30e, 36, 38].

Patients with HPV-positive SN-SCC are slightly younger
than their HPV-negative counterparts [29, 30e, 36, 38]. HPV-
positive SN-SCC is evenly distributed between men and
women. In contrast, men are twice as likely as women to get
HPV-negative SN-SCC [29, 30e, 36-38]. Male predominance
is also found in HPV-positive OP-SCC [39], emphasizing that
HPV-induced SCC is a distinct entity that behaves uniquely

@ Springer



112

Current Otorhinolaryngology Reports (2023) 11:109-116

PARANASAL |
SINUSES

Fig.1 Schematic figure of the different HPV subtypes and the mucosal
neoplasms they cause. The nasal cavity and paranasal sinuses comprise
the sinonasal space where a variety of benign and malignant HPV-posi-
tive neoplasms are found. Compared to the HPV-positive neoplasms in

according to location and biological and behavioral differences
between the sexes.

The most frequent location among HPV-positive SN-SCCs
is the nasal cavity (49%) followed by the maxillary (18.8%)
and ethmoid sinus (18.8%) [38]. HPV-related SN-SCC in the
frontal or sphenoid sinus is equally rare [38, 40]. Compared to
HPV-negative SN-SCC, the HPV-positive tumors are gener-
ally high-grade and low T stage [31, 36]. Furthermore, in con-
trast to HPV-related OP-SCC where a high rate of lymph node
involvement is found (88%) [41], HPV-positive and -negative
SN-SCC exhibit a low rate (<20%) [30e, 36].

HPV Infection and Malignant Transformation
of Inverted Papillomas

Inverted papillomas (IPs) exhibit different degrees of dys-
plasia and are in the literature usually stratified into non-
malignant, dysplastic, and malignant IPs. Histologically,
IPs are characterized by metaplastic squamous cells scat-
tered in the normal respiratory mucosa [42, 43]. Dysplastic
and ultimately malignant transformation leads to SN-SCC,
most commonly of NK type [44, 45]. The pathogenesis of IP
formation and malignant transformation is not fully under-
stood. However, infection with HPV has been suggested to
be involved [5].

@ Springer

SUBTYPE LESION
LR-HPV 6, 11,42,54,57, Exophytic,inverted and
g3 ~  oncocyticpapilloma
5 HR-HPV 16,18, 31, 33,35, Squamous cell carcinoma,

malignant inverted

39, 45, 51, 52, 56, !
papilloma, HMSC

58, 59, 82

NA

16, 18,31, 33, 35,
45,54

Squamous cell carcinoma

6,11,42 Recurrent respiratory papillomas

16,18, 31, 51, 52

Squamous cell carcinoma

the oropharynx and larynx, a wider range of different HPV-related neo-
plasms and subtypes have been detected in the sinonasal space. LR-HPV,
low-risk HPV. HR-HPV, high-risk HPV. HMSC, HPV-related multiphe-
notypic sinonasal carcinoma. Created with BioRender.com

About 25% of all IPs contain HPV-DNA, a prevalence
much higher than that found in nasal polyps (4%) and normal-
appearing nasal mucosa (7%) [6, 46, 47e]. Stratified by histo-
pathology, 20% of nonmalignant IPs, 53% of dysplastic IPs,
and 24% of malignant IPs are HPV positive [47¢]. Several dif-
ferent HPV subtypes have been detected in all histopathologi-
cal subtypes. HPV-16 and HPV-18 are the prevailing high-risk
subtypes associated with an odds ratio for malignant transfor-
mation of 8.5 and 23, respectively [7¢]. The most frequently
occurring low-risk subtypes were HPV-6 and HPV-11, which
were not associated with an increased risk of malignant trans-
formation [7e]. Furthermore, a range of rarer subtypes have
been detected in both nonmalignant and malignant IPs such
as low-risk HPV 42, 54, 57, and 83 and high-risk HPV 39, 51,
52,56, 58, and 59 [47e]; see Fig. 1.

The association between malignant transformation of IPs
and HPV infection has been contested. EGFR mutations have
been found in 88% of IPs and 77% of IPs associated with
SN-SCC but in none of the SN-SCCs without prior IP. Due
to this association, the authors suggest that EGFR mutations
are the driving factor for the formation and malignant trans-
formation of IPs [30e, 48, 49]. Furthermore, they do not find
EGFR mutations in any of the HPV-positive IPs, indicating
that these are two distinct carcinogenic mechanisms that are
mutually exclusive [48]. This led the authors to conclude that,
based on their findings, HPV is not involved in the malignant
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transformation of IPs. This is in stark contrast to the bulk of
studies emphasizing the role of HPV infection in the forma-
tion and malignant transformation of IPs [6, 7e, 46, 47e].

HPV-Related Multiphenotypic Sinonasal
Carcinoma

Recently, a new and distinct entity of HPV-related sinonasal
carcinoma has been described. It exhibits a wide range of
histological features and was therefore named HPV-related
multiphenotypic sinonasal carcinoma (HMSC) [50e]. The
majority of HMSCs are positive for HPV subtype 33, while
the remaining are positive for HPV-16, -35, and -56 [50e]
(Fig. 1). All of the examined tumors to date have shown a
strong and diffuse p16 positivity.

Contrary to the HPV-related SN-SCC which predomi-
nantly resides in the nasal cavity, HMSC is mostly found in
the maxillary sinus. The gender distribution is nearly equal
between men and women, and the mean age is 54, ranging
from 28 to 90 [51]. Most patients present with early-stage
disease (T1/T2), and none of the patients has regional lymph
node involvement.

More than one-third of all patients have recurrence
despite combination treatment with surgery and radiation,
though radiotherapy seems to shorten the recurrence inter-
val. To date, no deaths have been registered due to HMSC,
but long-term follow-up data is sparse [50e, 51].

Treatment and Prognosis

Regardless of HPV status, if the SN-SCC is resectable, the
primary treatment should be surgery, as this carries less
morbidity when compared to radiotherapy with or without
chemotherapy. In cases of distant metastasis, surgery may
still be indicated in instances of tumor bleeding and risk of
acute vision loss due to optic-nerve compression. Survival
is improved if the tumor is completely removed with nega-
tive margins [52]. If possible, endoscopic surgery is equal
to an open approach but less invasive, resulting in a shorter
postoperative rehabilitation time, and less risk of esthetic
consequences and postoperative complications [53], thereby
shortening the time to postoperative radiotherapy [54]. In
seldom cases when there is extensive invasion of the brain,
orbit, cutaneous tissue, or indication for maxillectomy, exter-
nal approaches are necessary. In most cases, monotreatment
with endoscopic resection is possible. Elective neck dissec-
tion of T3/T4 tumors without lymph node metastases has
been proposed to lower the risk of locoregional recurrence,
but evidence is lacking [55].

Patients presenting with advanced disease will often require
a multimodal treatment comprised of surgery in combination

with radiotherapy, as multimodal treatment has been shown
to improve local control and overall survival [56]. The 5-year
overall survival for all SN-SCCs is around 50 — 60%. Unfortu-
nately, SN-SCC recurs in 20— 30% of cases, making it neces-
sary for patients to receive salvage treatment, which leads to
higher morbidity rates [57].

Chemotherapy is a possible addition to the aforemen-
tioned treatment regimens, either as adjuvant or neoadjuvant
therapy. Retrospective studies have shown that induction
therapy might raise the chance of complete resection with
negative margins, reducing the risk of regional and distant
metastases and improving the prognosis [58]. Larger rand-
omized controlled trials are needed to fully establish chemo-
therapy’s efficacy and safety in treating SN-SCC.

Recent trials on the potential use of immune checkpoint
inhibitors (pembrolizumab, nivolumab) for the treatment of
head and neck SCC (HNSCC) report improved median sur-
vival time and fewer treatment-related adverse events com-
pared to standard treatment [59, 60]. Immunotherapy may
be a new and promising treatment, and numerous clinical
trials investigating a multitude of different immunothera-
peutic targets are underway. In 2021, a systematic review
on the use of immunotherapy for HNSCC found as many as
67 ongoing trials [26].

HPV-positive HNSCCs have been found to be more sen-
sitive to radio-, chemo-, and immunotherapy compared to
HPV-negative HNSCCs [26, 61]. This has not been shown
for the HPV-positive SN-SCCs specifically, though these
results are presumably applicable for this subtype as well.
The improved treatment response is partly explained by the
fact that HPV-negative and HPV-positive SCCs are distinct
tumor subtypes that exhibit different genomic and immuno-
logic features [62].

The HPV-positive tumors depend on the host cell’s tran-
scriptional machinery to produce the oncogenes E6 and E7,
which are key factors for maintaining the malignant pheno-
type. Therefore, E6 and E7 have been suggested as specific
therapeutic targets. In vitro research shows that inhibiting
E6 leads to apoptosis as the function of p53 is reestablished
[24e]. However, since E7 is capable of inducing carcino-
genesis on its own, inhibition of the common E6/E7 tran-
scriptional promotor region or destruction of the E6/E7
transcripts with interfering RNA seems like more promising
options. However, these therapeutic strategies are challenged
by the fact that hypoxic conditions in subregions of cancers
induce metabolic reprogramming, cancer progression, and
therapeutic resistance in in vivo models [62]. Research to
overcome these challenges is in progress and may lead to
new therapeutic options in HPV-positive SCC in the future.

The incidence of SN-SCC has decreased over the last dec-
ades. Nonetheless, overall survival rates remain poor. This is
especially true for those with local or distant metastases or
locally advanced disease [63]. Conversely, with a survival rate
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of 67.7% in HPV-positive and 47.6% in HPV-negative SN-
SCCs, a recent major meta-analysis cemented that HPV posi-
tivity is also a favorable prognostic factor in SN-SCC [64].

Daisuke et al. compared HPV-positive SN-SCCs to EGFR-
mutated or EGFR-wild-type HPV-negative SN-SCCs. The
5-year overall survival was 100% in HPV-positive, 47.7% in
EGFR-mutated, and 62.1% in EGFR-wild-type HPV-negative
cases [40]. HPV-positive SN-SCC yielded the best progno-
sis, while EGFR-mutated tumors had the worst prognosis.
This indicated that the behavior of HPV-related SN-SCCs is
less aggressive compared to tumors with a different genotype
[40].p16 positivity is correlated to a better prognosis in OP-
SCC, even in HPV-negative tumors [65]. This has not been
shown for the HPV-related SN-SCC:s. In contrast to OP-SCC,
where HPV-positive tumors are downstaged, no distinction is
made for HPV-negative and HPV-positive SN-SCCs [66]. As
SN-SCC are rare, no single center will have sufficient num-
bers to address the association between improved survival
in HPV-positive SN-SCC. Therefore, international collabo-
rations with homogenous treatment regimens would be the
ideal course of action for future research.

Conclusion

Sinonasal malignancies are rare and heterogenous. SCC
accounts for 60 —75% of all epithelial sinonasal cancers.
HPV is found to play a role in a subgroup of factor SN-
SCC. About 28% of SN-SCCs are HPV positive, most fre-
quently HPV-16, though a wide variety of subtypes have
been described. HPV-related multiphenotypic sinonasal car-
cinoma is associated with other subtypes as HPV-33, -35,
and -56. Furthermore, HPV has also been suspected to be
implicated in the formation and malignant transformation
of IPs because of the repeated detection of HPV subtypes
in these benign sinonasal neoplasms; however, the asso-
ciation remains controversial. The main treatment of SN-
SCC is surgery, which can be combined with radiotherapy
in advanced cases for improved local control and survival.
Studies indicate that there is an improved overall survival
rate for the HPV-positive tumors, but this association needs
further investigation to be fully validated. Immunotherapy
may provide further treatment options in the future. Further-
more, treatments focusing on intracellular pathways con-
nected to HPV infection may also provide a highly specific
treatment option with a low toxicity.
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