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Abstract

HPV-related multiphenotypic sinonasal carcinoma (HMSC) is a recently described distinct tumor entity of the sinonasal
tract associated with high-risk subtypes of human papilloma virus (HPV), predominantly type 33. The biological behavior
seems to be less aggressive than the often high-grade, highly proliferative morphology implies; however, recurrences are
frequent. Most of the cases present as polypoid tumors within the nasal cavity. Microscopic morphology frequently encom-
passes adenoid cystic-like features or features reminiscent of other salivary gland tumors. Here, we describe four cases of
this rare entity, all observed in women. The polypoid tumors were within the nasal cavity, leading to obstruction, facial pain
and epistaxis. The morphology was predominantly basaloid, solid and adenoid cystic-like in two of four cases, one with
additional glomeruloid features. Another case showed basaloid tumor cells with prominent mature squamous differentiation
and extensive keratinization. A single case showed a predominantly solid and reticular growth pattern. All cases were dif-
fusely positive for p16 (100%), expressed SOX10, LEF-1 and partially S-100, and harbored HPV high-risk types 33, 56 (2x)
and 82. No recurrences or metastases were detectable after 3—50 months of follow-up. Of note, three of four patients were
nurses/nursing assistant. We expand the morphological spectrum by describing a glomeruloid growth pattern and extensive
mature keratinization, and add HPV type 82 to the molecular spectrum. The finding of HMSC among predominantly nurses
in our cohort warrants further epidemiological studies in larger cohorts.
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Introduction

Human papilloma virus (HPV)-related multiphenotypic
sinonasal carcinoma (HMSC) is a distinct carcinoma occur-
ring in the sinonasal tract. It often manifests as a polypoid
mass in the nasal cavity along with nasal congestion and
epistaxis [1, 2]. In contrast to (non-keratinizing) oropharyn-
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geal squamous cell carcinoma or nasal vestibule squamous
cell carcinoma [3], it often shows adenoid cystic-like
(biphasic) differentiation, leading to the initial description
of HPV-related carcinoma with adenoid cystic-like features
[4]. However, a variety of morphological patterns includ-
ing other salivary-like differentiation (e.g. myoepithelial or
epithelial-myoepithelial) and abrupt keratinization has been
reported, expanding the morphological spectrum of HMSC
[2,5,6].

The presence of HPV high-risk subtypes (typically
type 33, 35 and 56), has been described in HMSC [2, 5].
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Interestingly, current data indicate that these tumors are less
aggressive than their often high-grade morphology would
suggest. Only two of approximately 60 reported HMSC
cases (~3%) presented with metastases (to the finger and
lung) and no disease-specific deaths have been described, yet
[1, 2]. Nevertheless, local recurrences are frequently encoun-
tered (up to 36%) [2], sometimes decades after the primary
diagnosis (up to 30 years) [7, 8]. The exact pathogenesis or
entry route of these less common HPV-types to the sinonasal
tract remains largely unknown. In this study, we characterize
the clinicopathological features of four more HMSC cases
including first occupational data.

Materials and Methods
Patient Cohort

Pathological material and corresponding clinical data of
four cases initially identified as HPV-related sinonasal car-
cinoma from June 2015 to March 2019 was obtained from
the archives of the Department of Pathology and Molecular
Pathology, University Hospital Zurich, Zurich, Switzerland.
All patients gave written consent and the study was approved
by the local ethics committee (protocol number 2016-00162,
incl. amendment of February 24th, 2018).

Morphology

All cases were reevaluated on 2 pm sections of hematoxylin
and eosin (H&E) stained formalin-fixed paraffin embedded
(FFPE) tissue by an experienced, board-certified head and
neck pathologist (N.J.R.). Morphological patterns included
basaloid, solid, cribriform, retiform, glomeruloid and bipha-
sic (ductal-myoepithelial) differentiation, as well as surface
involvement, consisting of atypical squamous cells.

Immunohistochemistry

The following primary antibodies were applied to 2 pm
sections on a Ventana Benchmark automated staining sys-
tem (Roche Ventana Medical Systems, Inc.): pancytokera-
tin (AE1/AE3, DAKO A/S, 1:50), p40 (BC28, Zytomed
Systems, 1:100), p16 (E6H4, Ventana, prediluted), S-100
(DAKO A/S, polyclonal 1:2000). The optiView DAB-kit
(Ventana) was used to detect binding and counterstaining
with hematoxylin (Ventana) ensued. For SOX10 (BC34,
Biocare Medical, 1:150) and LEF-1 (EPR2029Y, Abcam
Ltd., 1:50) immunohistochemistry, the Bond device (Leica
Biosystems) was applied and the Bond Polymer Refine
Detection kit (DAB; Leica Biosystems) was used for
detection.
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HPV Analysis

DNA was extracted from representative tumor sections or
punches of the respective paraffin block as described previ-
ously [9]. The PGMYO09/11 and L1C1/2 primers were used
for polymerase chain reaction (PCR) as described previ-
ously [10], and in one case, GP5+/6+ primers [11] were
included. Specific amplificates were purified using either
the Qiagen MiniElute gel extraction kit or the Qiagen
MiniElutePCR purification kit. The purified PCR products
were sequenced on an ABI 3100 genetic analyzer using
Big Dye terminator chemistry (Applied Biosystems) and
sequences were analyzed using the Sequencer 5.1 software
(Gene Codes).

Statistical Analysis

Epidemiological data were obtained from the Swiss Fed-
eral Office for Statistics report 2014 [12]. Since the catch-
ment area of our hospital represents about 1/8 of the gen-
eral Swiss population, we assumed that the proportion of
nurses in the general Swiss population is the same as in
our patient population. The probability of encountering a
defined proportion from the same occupational group in
our small cohort by chance alone was calculated using the
binomial test. 95% confidence intervals are indicated (95%
CI). A P value <0.01 was considered to indicate statistical
significance. All statistical analyses were performed using
R 3.6.1 statistical software.

Results
Clinical Presentation

All patients were female with ages between 46 and
65 years. They presented to our Department of Otorhi-
nolaryngology, Head and Neck Surgery with complaints
of nasal obstruction (100%). Two patients had additional
unilateral facial pain and one patient reported epistaxis
(Table 1). Clinical examination revealed a polypoid,
pedunculated tumor in all patients, three of them arising
from the nasal septum and one from the middle concha,
which was seen on surgery. Tumors were classified as cT1
(2 cases), cT2 (1 case) and cT3 (1 case). Initial staging
featuring neck ultrasound and cross-sectional imaging
(computed tomography and magnetic resonance imaging
for all patients) did not reveal spread of the carcinoma
to the regional lymph nodes. The patient with the largest
tumor (HMSC-4) showed signs suggestive of bone erosion
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Table 1 Overview of the clinical parameters in the HPV-related multiphenotypic sinonasal carcinomas (HMSC)

Case Age (years) Gender Occupation Symptoms Localization c¢TNM Clas- Treatment Recurrence/ Total
sification metastasis  follow-up
(months)
HMSC-1 65 Female Logistician Nasal obstruc-  Polypoid c¢T1cNOcMO Endoscopic middle NED 50
tion, facial tumor left turbinectomy
pain middle
concha
HMSC-2 54 Female Nursing Nasal obstruc-  Polypoid c¢T1cNOcMO Endoscopic septec- NED 38
assistant tion, epistaxis  tumor left tomy
nasal cav-
ity, septum
HMSC-3 46 Female Nurse Nasal obstruc-  Polypoid c¢T2 cNO cMO Endoscopic septec- NED 30
tion, facial tumor right tomy
pain nasal cav-
ity, septum
HMSC-4 60 Female Nurse Nasal obstruc-  Polypoid ¢T3 cNO cMO Endoscopic surgical NED 3
tion tumor right transnasal transcri-
nasal cav- briform resection
ity, septum Postoperative IMRT
33 x 1.8 =594 Gy
Concomitant
Cisplatin

Local doses shown in italic
IMRT intensity modulated radiotherapy, NED no evidence of disease

of the lamina papyracea (orbital lamina) on cross-sectional
imaging, a finding that was not confirmed intraopera-
tively. There was no evidence of immunosuppression in
our patient cohort. One patient, case 3, had a history of
smoking (30 pack-years).

Occupational Data

Three patients (out of four) were working as nurses or
nursing assistant. Another worked in logistics. Details
about the exact working area of the nurses/nursing assis-
tant were not available, but it is known that all worked
on a medical ward with regular patient contact. Due to
the seemingly high proportion of nurses/nursing assistant
among the patients, we made the following calculation
based on data compiled from the Swiss Federal Office for
Statistics in 2014. Of the 4,054,000 full-time employees
in Switzerland, 124,000 (3.06%) were nurses. Since the
approximate catchment area of our hospital comprises 1/8
of the Swiss population, we can assume similar distribu-
tions. In our study cohort, 3 of 4 patients (75%) shared the
same occupation. Using a binomial test, the probability of
the latter proportion to have occurred by chance alone is
rather low (P=0.0001118, 95% CI 19-99%).

Morphology

Resection specimen of all tumors confirmed the polypoid
nature and revealed prominent basaloid tumor cells in all
cases (100%) with abundant mitotic figures. The growth pat-
tern was predominantly solid and lobular with tubular and
cribriform areas reminiscent of adenoid cystic carcinoma
in two cases (50%; Fig. 1a, b), whereas one case showed
more pleomorphic cells and a glomeruloid pattern (Fig. le,
f). One case showed an unusual prominent abrupt keratini-
zation with plentiful mature squamous islands (HMSC-3;
Fig. 2a, b). In one case, prominent reticular pattern was seen
(HMSC-4; Fig. 3a, b) with infiltration into cartilage. Surface
involvement of the adjacent mucosa was seen in two cases.

Immunohistochemistry and HPV Typing

All cases (100%) were positive for pancytokeratin
(Table 2), however, in an uncommon heterogenous expres-
sion pattern. In certain areas, a biphasic pattern (ductal-
myoepithelial) could be identified. In case 3, mature
squamous islands showed strong, diffuse pancytokeratin
expression (Fig. 2d). Immunohistochemistry for p16 was
positive in all cases, showing a strong, diffuse nuclear and
cytoplasmic expression in virtually every basaloid tumor
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Fig. 1 Morphological and immunohistochemical overview of the
HPV-related multiphenotypic sinonasal carcinoma cases 1 and 2
(HMSC-1 and -2). a Shows an overview of HMSC-1 with basaloid
small cells and adenoid cystic-like tubular/cribriform structures. In
b magnification of monomorphic basaloid cells, forming duct-like
structures can be appreciated. ¢ and d Showing positivity for SOX10
and weak but distinct expression of LEF-1. e Depicts an overview of

HMSC-2 with larger basaloid cells, focal cribriform and glomeruloid
growth, and a reticular pattern (middle). In f the glomeruloid pat-
tern is shown at higher magnification, consisting of central rotund
tumor structures retracting from the periphery. g and h Showing dif-
fuse expression of SOX10 and LEF-1 in the tumor cells. Scale bars
250 pm (a, e) and 50 pm (b—d, f~h)

Fig.2 Morphological and immunohistochemical overview of the
HPV-related multiphenotypic sinonasal carcinoma case 3 (HMSC-3).
In a an overview is depicted with islands of larger basaloid cells in
lobules with abundant mature squamous islands and keratinization. b
Shows magnification of the larger, somewhat brighter basaloid cells
with adjacent keratinization. In ¢ a limited focus of a more conven-
tional morphology with smaller, monomorphic basaloid cells and

cell (100%). The mature squamous differentiation in case
3, however, lost p16 expression (Fig. 2e). S-100 showed a
patchy, but distinct expression in all cases (100%). SOX10
was diffusely expressed in all cases (Figs. lc, g, 2f, 3c);
however, the prominent squamous islands in HMSC-3
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duct formation (arrowhead) is seen. d Shows pancytokeratin staining,
visualizing the heterogeneous expression within the basaloid tumor
cells and strong, diffuse positivity in the mature squamous islands. In
e strong, diffuse expression of pl6 can be seen in the basaloid tumor
cells, whereas the squamous islands (lower right corner) lacks p16
expression. A similar pattern can be observed for SOX10 and LEF-1
(f, g). Scale bars 250 pm (a) and 50 pm (b-g)

were negative (Fig. 2f). The same expression pattern was
noted for LEF-1, however less strong in intensity (Figs. 1d,
h, 2g, 3d). HPV type 56 was identified in two cases; HPV
type 82 and HPV type 33 were identified, each in one case,
respectively.
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Fig.3 Morphological and immunohistochemical overview of the
HPV-related multiphenotypic sinonasal carcinoma case 4 (HMSC-4).
The overview in a shows monomorphic basaloid tumor cells infiltrat-
ing cartilage (right). The magnification b reveals the predominant

reticular growth pattern and remarkable monomorphic, basaloid
tumor cells with mitotic figures. In ¢ the diffuse SOX10 expression is
depicted, whereas d shows weak but distinct LEF-1 expression in the
tumor cells. Scale bars 250 pm (a) and 50 pm (b—d)

Table 2 Morphological and immunohistochemical patterns and HPV-types in the HPV-related multiphenotypic sinonasal carcinomas (HMSC)

Surface
involvement

Predominant
morphology

Case Pancytokeratin  p40

pl6 S-100 SOX-10 LEF-1 HPV-type

HMSC-1  Basaloid, solid,
tubular,

cribriform

present pos. (heterog.) pos. (diffuse)

HMSC-2  Basaloid, solid,
cribriform,

glomeruloid

not present pos. (heterog.)  pos. (patchy)

HMSC-3  Basaloid,
prominent
abrupt kerati-
nization with
squamous

islands

present pos. (heterog.) pos. (diffuse)

HMSC-4  Basaloid, solid,
tubular,

reticular

not present pos. (heterog.)  pos. (diffuse)

pos. (diffuse) pos. (patchy)  pos. (diffuse) pos. (weak) HPV 56

pos. (diffuse).  pos. (patchy)  pos. (diffuse)  pos. (diffuse) HPV 82

pos. (diffuse); HPV 56
squamous

islands neg.

pos. (diffuse);
squamous
islands neg.

pos. (diffuse);
squamous
islands neg.

pos. (patchy)

pos. (diffuse) pos. (patchy)  pos. (diffuse) pos. (weak) HPV 33

pos. positive, neg. negative

Treatment and Clinical Follow-Up

In all patients, tumors were removed surgically via an endo-
scopic approach. Adjuvant chemoradiation was performed in
one case with ¢T3 stadium (HMSC-4). In the clinical follow
up ranging from 3 to 50 months, no recurrences or metastatic
spread could be detected.

Discussion

Here, we report four cases of the recently described, rare
HPV-related multiphenotypic sinonasal carcinoma (HMSC)
[2]. The clinical presentation with a polypoid tumor in the
nasal cavity leading to nasal obstruction, epistaxis and pain
is concordant with previous descriptions [2, 4-6]. In our
cohort, only women were affected, whereas other cohorts
comprised both genders [2] or were even males only [6].
We have not observed recurrences or metastatic spread in

our cohort, yet; however our follow up is 50 months at the
maximum and very late recurrences (16 and 30 years) have
been observed [7, 8]. The morphology and HPV types (33,
56) were similar to other reports [2, 4—6]. Notably, one
case in our series (HMSC-2) showed a prominent glomeru-
loid pattern with more pleomorphic cells and an associated
HPV type 82, which to the best of our knowledge has not
been described. This HPV type is rarely detected in cervi-
cal cancer, being phylogenetically similar [13] to the other
types described in HMSC. Limited keratinization has been
described previously [5, 6]. However, our case 3 (HMSC-
3) showed extensive keratinization with mature squamous
islands adjacent to basaloid tumor cells. Aggressive NUT
carcinoma is therefore an important differential diagno-
sis and should be assessed by immunohistochemistry and/
or molecular testing [14]. Our cases were all positive for
SOX10, corroborating the previous description [15]. Inter-
estingly, the extensive squamous differentiation in HMSC-3
lost expression of SOX10, LEF-1, p16, and was diffusely
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positive for pancytokeratin in contrast to the basaloid tumor
cells, suggesting a metaplastic or maturing process. In this
case, partial S-100 expression and focal ductal differentia-
tion corroborated the diagnosis of HMSC. Another differ-
ential consideration is adamantinoma-like Ewing family
tumor (sarcoma), which often shows similar monomorphic
basaloid cells and limited keratinization, together with
expression of pancytokeratin, p40 and CD99 [16]. Assess-
ment of the EWSRI gene can help to corroborate this diag-
nosis, as recurrent EWSRI translocations are described [16,
17]. Solid variant of adenoid cystic carcinoma is another
important differential diagnosis, whereas the HPV-associ-
ation and the lack of MYB/MYBLI translocation in HMSC
clearly distinguishes these two entities [2, 4, 18]. The exact
cell of origin in HMSC is still not clear; however, the recur-
rent expression of SOX10 [15] and S-100 [2] as well as the
often multiphasic expression of pancytokeratin and mor-
phology suggest a potential salivary gland origin. However,
SOX10 expression is also described in basaloid (squamous
cell) carcinomas, being categorized as a subclass of squa-
mous cell carcinoma [19]. LEF-1 staining was consistently
expressed in our cases, in line with a previous report [20].
HPV RNA in situ hybridization, providing evidence of
transcriptionally active HPV association, together with dif-
fuse p16 expression corroborates a causative role of HPV in
HMSC [2, 21]. To date, no data exist regarding the mecha-
nisms of HPV infection in the sinonasal tract. Interestingly,
we observed that three of our four patients were hospital
employees with patient contact and all tumors were within
the nasal cavity. Previous data demonstrated that HPV can
be detected on the body surface (e.g. nostrils) of health
care professionals after the treatment of genital warts [22].
However, the overall HPV detection rate of employees per-
forming such procedures was not significantly higher than
in employees, who did not perform these procedures [23].
One study reported the detection of HPV high-risk types
in the aerosol of uterine cervix electrosurgical procedures
in humans [24]. Surface HPV contamination on medical
equipment has been reported in genitourinary clinics, but
also on airport toilets [25-27]. However, the presence of
HPV DNA alone does not prove infectivity [27]. Clearly,
the observations from our small case series are insufficient
to extrapolate a causal relationship. Nevertheless, the clus-
ter of cases of HMSC in our cohort of nurses/nursing assis-
tant justifies further epidemiological studies.

Conclusion

We describe four cases of HPV-related multiphenotypic
sinonasal carcinoma, three of which occurred in the nasal
cavity of nurses/nursing assistant. HPV type 82 has been
added to the associated virus types, as well as a glomeruloid
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histological growth pattern and extensive mature keratiniza-
tion. Due to the low case numbers, we cannot draw a conclu-
sion regarding a potential occupational association, but these
data warrant further epidemiological investigations.
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