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Abstract: An aetiological role of human papillomavirus (HPV) and/or human polyomaviruses
(HPyVs) has been proposed in adenoid cystic carcinoma (AdCC). Moreover, HPV-related multiphe-
notypic carcinoma (HMSC) was recently introduced as an emerging entity of the sinonasal region.
Here, we primarily want to study the role of HPV/HPyV in a large AdCC cohort and, secondly,
possibly identify and characterize HMSC. Tumour DNA from 68 patients initially diagnosed with
AdCC between 2000 and 2012 was, therefore, tested for 27 HPV types and 10 HPyVs. HPV DNA-
positive samples were micromorphologically re-evaluated, further stained for p16INK4a, 5100, p63
and CD117 and tested for the presence of the MYB-NFIB fusion transcript. Notably, no samples were
HPyV-positive, while one sinonasal and two tonsillar carcinomas were HPV- and p1l6-positive. After
re-evaluating the micromorphology, immunohistochemistry and presence of fusion transcripts, all
tumours had the same appearance and fitted within the diagnosis of HMSC, but in all these three
cases, the morphology of the HMSC and basaloid squamous cell carcinoma was overlapping. We
conclude that HPV and HPyV have no major role in AACC. However, based on our data, we also
suggest that HMSC should be considered as a basaloid variant of squamous cell carcinoma, and not
its own entity, until better characterized.

Keywords: adenoid cystic carcinoma; basaloid carcinoma; histopathology; HPV-related multipheno-
typic sinonasal carcinoma; human papillomavirus; human papillomavirus carcinoma with adenoid
cystic-like features; human polyomavirus; molecular pathology; salivary gland malignancies; pathol-
ogy of tumours; virology

1. Introduction

Infection with human papillomavirus (HPV) is now an established risk factor for many
head and neck carcinomas (HNSCCs), including tonsillar and base-of-tongue squamous cell
carcinomas (TSCC and BOTSCC, respectively), and a subset of sinonasal nonkeratinizing
squamous cell carcinomas (NKSCCs) [1]. However, while the favourable prognostic role of
HPV in TSCC and BOTSCC is well established [2,3], the prognostic role of HPV in other
HNSCCs, including sinonasal NKSCC, is not yet clearly defined [1].
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Adenoid cystic carcinomas (AdCCs) are rare salivary gland malignancies, with a
varying clinical outcome [4]. Their risk factors and aetiological agents are mainly unknown,
but genetic studies have identified the presence of the fusion transcript of MYB-NFIB
in a majority of these tumours [4,5]. However, recent studies have demonstrated the
presence of oncogenic viruses in salivary gland tumours in general, and both HPV and
human polyomaviruses (HPyVs) have been described in AACC [6-10]. Irrespectively, the
prevalence of HPV and HPyV in AdCC of the head and neck has only been examined in a
limited number of studies, and although most cases have been reported as virus-negative,
HPV and/or HPyV could still potentially play a role in a subset of AdCCs [7,8,10-14].

In 2013, however, a new additional HPV-related form of sinonasal carcinoma, now
entitled HPV-related multiphenotypic sinonasal carcinoma (HMSC), was presented in a
case report by Bishop and colleagues [15]. Since this first case report in 2013, fewer than
100 cases have so far been described in the literature [16]. Notably, despite the aggressive
micromorphological appearance of HMSC, the diagnosis is often associated with a rather
indolent clinical course. The most common HPV type detected so far in HMSC is HPV 33,
but other high-risk HPV types have also been described. Initially, HMSC was first reported
to occur exclusively in the sinonasal region, but a recent case report has suggested that
HMSC-like tumours may also occur outside this specific region [16,17].

Initially, HMSC was entitled HPV-related carcinoma with adenoid cystic carcinoma-
like features due to histomorphological resemblances with AACC. Nevertheless, despite
different histological origins, many HMSC cases may have in the past, before this form was
recognized in 2013, been diagnosed as AdCC [18].

The aim of this study is, therefore, two-fold: Primarily, we want to examine the
presence of HPV and HPyV in the so far, to our knowledge, largest cohort of patients
with AdCC in the head and neck region, to determine a possible aetiological role of these
oncogenic viruses. Secondly, in the same cohort, we want to identify and characterize
possible patients with HMSC diagnosed in Stockholm 20002012, either in, or possibly also
outside, the sinonasal region.

2. Materials and Methods
2.1. Patients and Tumour Samples

In total, 94 patients were identified through the Swedish Cancer Registry (Cancerreg-
istret) as diagnosed with AdCC within the head and neck region (ICD-10: C00.5, C01.9,
C04.9, C05.9, C06.9, C07.9, C08.0, C09.9, C11.9, C30.0 and C31.9) between 2000 and 2012 in
the County of Stockholm. For the continued analysis, haematoxylin-eosin (HE)-stained
slides and formalin-fixed paraffin-embedded (FFPE) tumour samples from these patients
were collected, when possible, from the Pathology Dept. at Karolinska University Hospital.
Sufficient amount and quality of FFPE tumour material was available in 73 samples from
68/94 patients. More specifically, these were from 66 primary tumours; 1 metastasis and
1 local recurrence where no primary was available; finally, 3 local recurrences and 3 metas-
tases where the primaries were available. The study was conducted according to ethical
permissions 99-237, 2005/431-31/4, 2009/1278-31/4, 2012/83-31/2,2017/1035-31/2 and
2019-05211 from the Ethics Committee at Karolinska Institutet, Stockholm, Sweden.

2.2. DNA Extraction and Detection of HPV and HPyV

For every patient case, tumour and adjacent normal control tissue were dissected from
10 um FFPE tissue sections from the same FFPE tissue block. DNA was extracted from tu-
mour and normal tissue sections using the QIAamp DNA FFPE Tissue Kit (Qiagen, Hilden,
Germany) following the manufacturer’s instructions and as described previously [19].
Presence of HPV DNA was detected, following a PCR amplification (40 cycles), using a
multiplex bead-based assay for 27 different HPV types (HPV 6, 11, 16, 18, 26, 30, 31, 33, 35,
39,42, 43, 44, 45, 51, 52, 53, 56, 58, 59, 66, 67, 68, 69, 70, 73 and 82), including all high-risk
HPV types, and 3-globin was included as a positive control for the presence of DNA as
described previously [20].
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For HPyV DNA analysis, a similar bead-based multiplex assay was used as previously
described (3). This assay detects the ST and VP1 regions of 10 HPyVs; BKPyV, JCPyV,
KIPyV, WUPyV, MCPyV, TSPyV, HPyV6, HPyV7, HPyV9 and HPyV10, as well as the
primate viruses SV40 and LPyV, as described previously [21,22]. 3-globin was used as a
positive control for the presence of amplifiable human DNA as described previously [23].
The output was assayed as median fluorescent index (MFI) and an MFI value of more than
2 x background + 300 was regarded as a positive value. For MCPyV, this value cor-
responded to approximately 5 genomes, and values below this were considered of no
significance [14].

2.3. Immunohistochemistry

Tumour sections were deparaffinized using EZ-prep (Ventana Medical Systems®, Tuc-
son, AZ, USA), and immunohistochemistry was performed using the Ventana Benchmark
Ultra platform (Ventana Medical Systems). Primary antibodies were directed against p63
(p63 ready to use; Roche 4A4), CD117 (CD117 ready to use; Roche EP10), S100 (S100 ready
to use; Roche 4C4.9) and p16 (p16 ready to use; Roche E6H3). Overexpression of pl6 was
defined as a strong nuclear and cytoplasmatic staining in >70% tumour cells, as described
elsewhere [24].

2.4. Fusion Transcript Analysis

Total RNA was extracted from the FFPE material using the Maxwell® 16 MX3031
instrument with Maxwell® 16 FFPE LEV RNA Purification Kit from Promega (Fitchburg, WI,
USA). The quality and quantity of the RNA were estimated through Nanodrop technology
(Nanodrop technologies, Wilmington, DE, USA). cDNA was, subsequently, synthesized
using the High-Capacity cDNA reverse transcription Kit (Applied Biosystems, Foster
City, CA, USA) and RT-PCR was performed in duplicate for targeting the fusion gene
transcripts corresponding to MYB-NFIB variants on the LightCycler® 480 II instrument
(Roche Diagnostics), according to Fehr et al. [25]. Samples from known AdCC (MYB-NFIB
fusion-positive) patients were used as positive controls and the reference gene HPRT1 was
included to correct as a positive control.

3. Results
3.1. Presence of HPV and HPyV DNA in Patients Diagnosed as AdCC

Altogether, 73 tumour samples and corresponding adjacent normal tissues from
68 patients diagnosed with AdCC within the head and neck region were analysed for
the presence of HPV and HPyV DNA. The patients and their tumour characteristics are
summarized in Table 1. No tumour samples were HPyV-positive, while 3/66 primaries and
1 local corresponding relapse were positive for HPV16 or 33 DNA, as depicted in Table 1;
further details are described below.

3.2. Patients with HPV-Positive Tumours Diagnosed as AdCC

In patients with HPV DNA-positive tumours, of which one had a sinonasal and two
had a tonsillar primary location, patient and tumour characteristics were examined and
scrutinized in more detail. Furthermore, to ultimately be defined as HPV-positive, here,
we also required the presence of pl6 overexpression (see below), since the presence of
HPV DNA together with p16 overexpression has earlier been shown to be very close to
disclosing the presence of HPV RNA [26].

In all cases, a nonkeratinizing squamous cell carcinoma, a basaloid squamous cell
carcinoma or a solid variant of an AdCC were considered as differential diagnoses by the
pathology reports. However, the overall conclusion at the time of diagnosis, considering
both the histomorphology and immunohistochemistry, was that these tumours represented
solid variants of AdCC.
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Table 1. Patients initially diagnosed with adenoid cystic carcinoma (AdCC), with patient and tumour
characteristics.

Characteristics N (%)
Total 68 (100)
Gend Female 44 (65)
ender Male 24 (35)
Mean 57
Age Median 60
Range 13-88
Gl Submandibularis 22 (32)
Gl Parotidea 20 (30)
Oral cavity 11 (16)
Tumour localization Nasal and paranasal sinuses 7 (10)
Base of tongue/Tonsil 5(7)
Lip 2 (3)
Nasopharynx 1(2)
Positive 314
HPV DNA Negative 65 (96)
Positive 0(0)
HPyV DNA Negative 68 (100)

After reviewing the histomorphology, all three primary tumours showed a similar
morphology. All were basaloid by their appearance, with small blue basaloid cells with
a mainly solid growth pattern and focal areas with tubular- and/or cribriform-like areas.
Focally, a tendency to nuclear palisading was observed in all three tumours. In addition,
necrotic areas, as well as numerous apoptotic and mitotic bodies, were observed. No clear
associated dysplastic squamous epithelium was noticed (Figure 1).

According to the immunohistochemistry, all tumour samples overexpressed p16 (1 = 4)
and were largely diffusely p63-positive. Focal minimal areas with CD117 were also ob-
served in all three primary samples, as indicated in Figure 1. All cases showed a mixed
5100 positivity. No MYB-NFIB fusion transcripts associated with AdCC were detected in
any of the samples (Table 2). All adjacent normal tissue was HPV DNA-negative when
tested by the bead-based multiplex assay.

Table 2. Patients initially diagnosed with adenoid cystic carcinoma (AdCC) and their characteristics.

Patient 1 Patient 2 Patient 3
Tumour localization Paranasal sinus Tonsil Tonsil
Age! 76 63 67
TNM-8 Stage II Stage II Stage 11
Treatment CRT + Surgery RT Surgery + CRT
Survival NED DOD NED
HPV type HPV 33 HPV 33 HPV 16
MYB-NFIB fusion transcript No No No

1 Age in years. Abbreviations: CRT—chemoradiotherapy; R—radiotherapy; NED—no evidence of disease;
DOD—dead of disease.

All three patients with HPV DNA and p16-overexpressing tumours, defined as HPV-
positive tumours, presented with early-stage disease upon diagnosis (Table 2); the treatment
and clinical outcome, however, varied, as described below:
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Figure 1. Tumour sections from patients with HPV DNA-positive tumours that were initially diag-
nosed as adenoid cystic carcinoma stained with haematoxylin—eosin (HE) and immunohistochemical
markers. (A—C) HE. (D-F) p16. (G-I) p63. (J-L) CD117. (M—-0O) S100. All tumours showed mainly
solid basaloid features, growing in sheets and lobular formations with areas resembling adenoid
cystic carcinoma with tubular and cribriform formations. Squamous and myoepithelial differentiation
was supported by p63 and S100 staining, with a mixed staining pattern. Moreover, a focal CD117
staining was observed. In addition, all tumours showed overexpression of p16. The micromorphology
and immunohistochemistry were similar with findings reported elsewhere [27].

The first patient, a female (Patient 1, Table 2) with a large paranasal neoplasm, with
no disease of the neck detected by diagnostic computer tomography (CT), was treated
with conventional radiotherapy (RT) 2 Gy/fraction up to 50 Gy and concomitant Paklitaxel
60 mg/m? once weekly for 5 weeks. A residual tumour was observed after initial treatment
and the patient underwent radical surgery and was, subsequently, considered tumour-free
until her last regular check-up 73 months later.

The second patient, a male (Patient 2, Table 2) with a tonsillar neoplasm, with no
disease of the neck detected by diagnostic computer tomography (CT), was initially treated
as an HPV-positive SCC of the tonsil with conventional RT (2 Gy/fraction up to 68 Gy)
and considered in remission after initial treatment. However, the patient presented a local
recurrence 5 months later, when the diagnosis was also re-assessed and presented as AdCC.
He had two extensive surgeries with insufficient margins and signs of residual disease.
Moreover, during the first surgery, an ipsilateral neck dissection was performed, where
15 tumour-free lymph nodes were excised. Additionally, after the second surgery, the
patient underwent interstitial radiotherapy using the PDR technique, 0.74 Gy/fraction up
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to 60 Gy with curative intent, but was never considered disease-free after initial recurrence.
Palliative chemotherapy (Carboplatin and Paklitaxel) was given, and the patient passed
two years after primary diagnosis.

The third patient, a female (Patient 3, Table 2) with a tonsillar mass, with no disease
of the neck detected by diagnostic CT, was treated with a radical tonsillectomy, followed
by conventional RT 2 Gy /fraction up to 68 Gy and concomitant Cisplatin 30 mg/m? once
weekly for 7 weeks. The patient showed no evidence of disease at the last check-up,
90 months after initial diagnosis.

4. Discussion

In this large cohort of patients diagnosed with AdCC, HPV and HPyV were shown
not to play a major aetiological role. However, we also identified three cases, both within
and outside the sinonasal region, that, according to today’s published criteria, could have
been diagnosed as the new emerging entity HMSC. Notably, however, the similarities in
morphology between these three tumours and basaloid SCC suggest that a better character-
ization of HMSC may be warranted before HMSC can be justified as its own entity.

Few studies have examined the role of HPV in AdCC, and while some studies, includ-
ing one study from our group on 13 AdCC, did not show any association between HPV
and AdCC [11-13], a handful of smaller studies have identified the presence of HPV in a
subset of AdCCs.

In this study, however, 3/66 patients that were initially diagnosed with AdCC har-
boured HPV in their primary tumours but not in their adjacent normal tissue. Nevertheless,
after rereviewing the histomorphology, the diagnosis of a squamous cell carcinoma (SCC)
with basaloid features, rather than an AdCC, was more likely in these three HPV DNA-
positive cases. In fact, it is well recognized that a solid variant of an AdCC in many cases
may be hard to distinguish from a basaloid SCC [28] and, therefore, it is important that
cases should be morphologically re-evaluated in registry-based studies. Numerous previ-
ous studies have, namely, demonstrated a correlation between HPV and basaloid variants
of SCC in the head and neck region, as well in the anogenital region [29-31]. Thus, it is
possible that at least some of the earlier reported HPV-positive cases in previous studies
may have represented a basaloid SCC instead of an AdCC, especially if the diagnosis was
set before additional molecular and immunohistochemical analyses were introduced and
made available in clinical routine. Consequently, in our opinion, should HPV play a role in
AdCC, its role would be minor, if present at all.

In similar studies on the occurrence of HPV in AdCC, very few have examined the
presence of HPyV in AdCC. In a publication by Hametoja et al., the presence of two HPyVs
(JCPyV and BKPyV) as well as SV40 was analysed in 68 AdCC, and there, 10.3% of the
tumours were described to harbour JCPyV in very low copy numbers [10]. Likewise, in
a previous study from our group, the presence of 10 different HPyVs was analysed in
99 parotid salivary gland carcinomas, including 12 different histological subtypes. Inter-
estingly, in that report, 9% of all AdCCs harboured the human Merkel cell polyomavirus
(HPyV); however, notably, there was no over-representation of any histological subtype
with regard to HPyV infection, suggesting a nonspecific role of HPyV infection in these
tumours [14]. The data presented here were, therefore, analogous with our previous
observations, indicating that the role of HPyV in AdCC should be minor.

Notably, here, we identified three patient cases, one sinonasal and two tonsillar pri-
mary tumours with a molecular and a micromorphological profile that fit within the new
emerging entity of HMSC, with the exception that two of them were situated outside the
sinonasal region. However, in a recent meta-analysis, including all published cases with
HMSC so far, two other patients were identified as having HMSC-like tumours outside the
sinonasal region [16]. Here, we added another two cases with a profile similar to HMSC,
but also diagnosed outside the sinonasal region.

In line with previous reports [27] about this emerging tumour type [16], HPV type 33
dominated with two positive cases, followed by HPV 16 (one positive case). Nevertheless,
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it is important to remember that both HPV 33 and HPV 16 sort under the same specie
(species 9), together with other common types associated with malignant neoplasms in the
head and neck region, as well as anogenital malignant tumours [32-34].

In the last WHO Classification of Head and Neck Tumours from 2017, HMSC was
introduced, but was not considered as its own entity due to too few reported cases in the
literature, variable histology with focal overlap with nonkeratinizing SCCs and unknown
prognostic significance [35]. Due to a possible similar micromorphological overlap with a
basaloid SCC, indicated here as well as in previous studies [28], the occurrence of this mor-
phological pattern outside the sinonasal region [16,17] and unclear clinical significance [16],
we suggest that the HMSC, before it is more thoroughly characterized, could possibly be
considered a histological subgroup of basaloid SCC.

In analogy with this possibility, a study of basaloid SCCs of the anus is worth men-
tioning [34]. In that study, 27 HPV-associated basaloid SCCs of the anus were classified
into four histological categories, of which one was termed an “adenoid cystic carcinoma-
like” basaloid SCC, and had features very similar to HMSC [34]. Nevertheless, basaloid
SCC has historically been considered as a rare tumour entity within the sinonasal region,
and when described often associated with a worse clinical outcome [36,37]. However, in
recent years, there has been a dramatical increase in HPV-associated neoplasms within the
head and neck region, especially of the tonsils, which, nowadays, usually present with a
basaloid micromorphology and a favourable clinical outcome [38]. One could, therefore,
speculate that a similar shift in micromorphology and prognosis also may have occurred in
HPV-associated tumours within the sinonasal region.

We acknowledge limitations in this study. This was a retrospective registry-based
study. Patients were identified through a national-based cancer registry and identified
patients” pathology and clinical reports were reviewed. Only tumours from the three
patients with HPV-positive neoplasms were re-evaluated micromorphologically and with
molecular and immunohistochemical analysis. Unfortunately, histological and immunohis-
tology slides were not available for all patients, and it was, therefore, possible that some
virus-negative tumours could also have been misclassified as AdCC.

In summary, we suggest that the role of HPV and HPyV is minor, if present at all,
in AACC. We also suggest that HMSC could be considered as a basaloid variant of squa-
mous cell carcinoma, and not as its own entity, since a need for further characterization
was indicated.

5. Conclusions

To conclude, we found that the role of HPV and HPyV is minor, if present at all, in
AdCC. In addition, we indicated that HMSC could be considered as a basaloid variant of
squamous cell carcinoma, and not as its own entity.

Author Contributions: Conceptualization, A.N. and T.D.; methodology, M.Z., SH., L.C., TR. and
].D.; software, M.Z., S.H., L.C,, TR, ].D., ANN. and T.D.; validation, M.Z., A.N. and T.D.; formal
analysis, M.Z., A.N. and T.D.; investigation, M.Z., SH.,L.C,, TR, ].D., S.E, AN. and T.D.; resources,
AN. and T.D.; data curation, M.Z,, S.H., L.C.,, TR, ].D., S.F,, ANN. and T.D.; writing—original draft
preparation, M.Z., AN. and T.D.; writing—review and editing, all authors; visualization, M.Z., A.N.
and T.D.; supervision, A.N., S.F. and T.D.; project administration, A.N. and T.D.; funding acquisition,
M.Z.,S.H., AN. and T.D. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by THE SWEDISH CANCER FOUNDATION, grant numbers
200778P, 200704P, 200764Fk and 210292JCIA; STOCKHOLMS LANS LANDSTING (ALF), grant
number 20200059; THE CANCER AND ALLERGY FOUNDATION, grant numbers 10127 and
10137; MAGNUS BERGVALLS STIFTELSE, grant number 2020-03737; TORNSPIRAN, grant num-
ber 2021; THE STOCKHOLM CANCER SOCIETY, grant numbers 201242 and 201092; SVENSKA
LAKARESALLSKAPET, grant number SL.S-935256 and Stiftelsen Sigurd och Elsa Goljes Minne
(Lindhés Advokatbyra) LA2021-0005, and Karolinska Institutet.



Viruses 2022, 14, 1040 80f9

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved through ethical permissions 99-237, 2005/431-31/4, 2009/1278-31/4,
2012/83-31/2,2017/1035-31/2 and 2019-05211, obtained from the Ethics Committee at Karolinska
Institute, Stockholm, Sweden.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Due to privacy concerns, deidentified data can be made available upon
reasonable request to the corresponding author.

Conflicts of Interest: The authors have no conflict of interest to declare.

References

1. Bishop, J.A,; Guo, TW.; Smith, D.F,; Wang, H.; Ogawa, T; Pai, S.I.; Westra, W.H. Human papillomavirus-related carcinomas of the
sinonasal tract. Am. J. Surg. Pathol. 2013, 37, 185-192. [CrossRef] [PubMed]

2. Chow, L.Q.M. Head and Neck Cancer. N. Engl. . Med. 2020, 382, 60-72. [CrossRef] [PubMed]

3. Nasman, A.; Holzhauser, S.; Kostopoulou, O.N.; Zupancic, M.; Ahrlund-Richter, A ; Du, J.; Dalianis, T. Prognostic Markers and
Driver Genes and Options for Targeted Therapy in Human-Papillomavirus-Positive Tonsillar and Base-of-Tongue Squamous Cell
Carcinoma. Viruses 2021, 13, 910. [CrossRef] [PubMed]

4. Jang, S, Patel, PN.; Kimple, R.J.; McCulloch, T.M. Clinical Outcomes and Prognostic Factors of Adenoid Cystic Carcinoma of the
Head and Neck. Anticancer Res. 2017, 37, 3045-3052. [CrossRef] [PubMed]

5. de Almeida-Pinto, Y.D.; Costa, S.; de Andrade, B.A.B.; Altemani, A.; Vargas, P.A.; Abreu, L.G.; Fonseca, F.P. t(6;9)(MYB-NFIB) in
head and neck adenoid cystic carcinoma: A systematic review with meta-analysis. Oral Dis. 2019, 25, 1277-1282. [CrossRef]

6.  Chen, A.A,; Gheit, T,; Stellin, M.; Lupato, V.; Spinato, G.; Fuson, R.; Menegaldo, A.; McKay-Chopin, S.; Dal Cin, E.; Tirelli, G.; et al.
Oncogenic DNA viruses found in salivary gland tumors. Oral Oncol. 2017, 75, 106-110. [CrossRef]

7. Boland, ].M.; McPhail, E.D.; Garcia, J.J.; Lewis, J.E.; Schembri-Wismayer, D.]. Detection of human papilloma virus and p16
expression in high-grade adenoid cystic carcinoma of the head and neck. Mod. Pathol. 2012, 25, 529-536. [CrossRef]

8.  Mohamed, EE.; Aldayem, L.N.; Hemaida, M.A.; Siddig, O.; Osman, Z.H.; Shafig, LR.; Salih, M.A.M.; Muneer, M.S.; Hassan, R.;
Ahmed, E.S.; et al. Molecular detection of human papillomavirus-16 among Sudanese patients diagnosed with squamous cell
carcinoma and salivary gland carcinoma. BMC Res. Notes 2021, 14, 56. [CrossRef]

9. Qian, X.; Kaufmann, A.M.; Chen, C.; Tzamalis, G.; Hofmann, V.M.; Keilholz, U.; Hummel, M.; Albers, A.E. Prevalence and
associated survival of high-risk HPV-related adenoid cystic carcinoma of the salivary glands. Int. J. Oncol. 2016, 49, 803-811.
[CrossRef]

10. Hametoja, H.; Hagstrom, J.; Haglund, C.; Back, L.; Makitie, A.; Syrjanen, S. Polyomavirus JCPyV infrequently detectable in
adenoid cystic carcinoma of the oral cavity and the airways. Virchows Arch. 2019, 475, 609-616. [CrossRef]

11. Liu, HX,; Wu, M,; Sun, YM,; Han, EY,; Liu, Y.F; Zhang, G.Z. Prognostic value of human papillomavirus infection and p53, p16,
epidermal growth factor receptor and p34(cdc2) expression in patients with salivary adenoid cystic carcinoma. Int. J. Clin. Exp.
Pathol. 2017, 10, 7882-7889. [PubMed]

12.  Wang, Y,; Tian, Y,; Lin, J.; Chen, L.; Wang, L.; Hao, P; Han, R.; Ying, M,; Li, X.; Tang, X. Assessment of p16 expression and HPV
infection in adenoid cystic carcinoma of the lacrimal gland. Mol. Vis. 2018, 24, 143-152. [PubMed]

13.  Haeggblom, L.; Ursu, R.G.; Mirzaie, L.; Attoff, T.; Gahm, C.; Nordenvall, L.H.; Nasman, A. No evidence for human papillomavirus
having a causal role in salivary gland tumors. Diagn. Pathol. 2018, 13, 44. [CrossRef] [PubMed]

14. Ramgqvist, T.; Ursu, R.G.; Haeggblom, L.; Mirzaie, L.; Gahm, C.; Hammarstedt-Nordenvall, L.; Dalianis, T.; Nasman, A. Human
Polyomaviruses Are Not Frequently Present in Cancer of the Salivary Glands. Anticancer Res. 2018, 38, 2871-2874. [CrossRef]

15. Bishop, J.A.; Ogawa, T.; Stelow, E.B.; Moskaluk, C.A.; Koch, WM.; Pai, S.I.; Westra, W.H. Human papillomavirus-related
carcinoma with adenoid cystic-like features: A peculiar variant of head and neck cancer restricted to the sinonasal tract. Am. J.
Surg. Pathol. 2013, 37, 836-844. [CrossRef]

16. Zupancic, M.; Nasman, A. Human Papillomavirus-Related Multiphenotypic Sinonasal Carcinoma—An Even Broader Tumor
Entity? Viruses 2021, 13, 1861. [CrossRef]

17. Hodgson, C.K.; Bayon, R.; Jensen, C.S.; Robinson, R.A.; Rajan, K.D.A. Human Papillomavirus (HPV)-Related Carcinoma of the
Oropharynx with Squamous Cell and Adenoid Cystic Carcinoma-Like Features: Report of a Case. Head Neck Pathol. 2021, 15,
1007-1016. [CrossRef]

18. Shah, A.A.; Lamarre, E.D.; Bishop, J.A. Human Papillomavirus-Related Multiphenotypic Sinonasal Carcinoma: A Case Report
Documenting the Potential for Very Late Tumor Recurrence. Head Neck Pathol. 2018, 12, 623-628. [CrossRef]

19. Ramgvist, T.; Mints, M.; Tertipis, N.; Nasman, A.; Romanitan, M.; Dalianis, T. Studies on human papillomavirus (HPV) 16 E2, E5
and E7 mRNA in HPV-positive tonsillar and base of tongue cancer in relation to clinical outcome and immunological parameters.
Oral Oncol. 2015, 51, 1126-1131. [CrossRef]

20. Sivars, L.; Landin, D.; Rizzo, M.; Haeggblom, L.; Bersani, C.; Munck-Wikland, E.; Nasman, A.; Dalianis, T.; Marklund, L. Human

papillomavirus (HPV) is absent in branchial cleft cysts of the neck distinguishing them from HPV positive cystic metastasis. Acta
Otolaryngol. 2018, 138, 855-858. [CrossRef]


http://doi.org/10.1097/PAS.0b013e3182698673
http://www.ncbi.nlm.nih.gov/pubmed/23095507
http://doi.org/10.1056/NEJMra1715715
http://www.ncbi.nlm.nih.gov/pubmed/31893516
http://doi.org/10.3390/v13050910
http://www.ncbi.nlm.nih.gov/pubmed/34069114
http://doi.org/10.21873/anticanres.11659
http://www.ncbi.nlm.nih.gov/pubmed/28551643
http://doi.org/10.1111/odi.12984
http://doi.org/10.1016/j.oraloncology.2017.11.005
http://doi.org/10.1038/modpathol.2011.186
http://doi.org/10.1186/s13104-021-05471-5
http://doi.org/10.3892/ijo.2016.3563
http://doi.org/10.1007/s00428-019-02617-6
http://www.ncbi.nlm.nih.gov/pubmed/31966636
http://www.ncbi.nlm.nih.gov/pubmed/29430168
http://doi.org/10.1186/s13000-018-0721-0
http://www.ncbi.nlm.nih.gov/pubmed/30021645
http://doi.org/10.21873/anticanres.12532
http://doi.org/10.1097/PAS.0b013e31827b1cd6
http://doi.org/10.3390/v13091861
http://doi.org/10.1007/s12105-020-01233-0
http://doi.org/10.1007/s12105-018-0895-5
http://doi.org/10.1016/j.oraloncology.2015.09.007
http://doi.org/10.1080/00016489.2018.1464207

Viruses 2022, 14, 1040 90f9

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Gustafsson, B.; Priftakis, P.; Rubin, J.; Giraud, G.; Ramqvist, T.; Dalianis, T. Human polyomaviruses were not detected in
cerebrospinal fluid of patients with neurological complications after hematopoietic stem cell transplantation. Future Virol. 2013, 8,
809-814. [CrossRef]

Franzen, J.; Ramqvist, T.; Bogdanovic, G.; Grun, N.; Mattson, J.; Dalianis, T. Studies of human polyomaviruses, with HPyV?7,
BKPyV, and JCPyV present in urine of allogeneic hematopoietic stem cell transplanted patients with or without hemorrhagic
cystitis. Transpl. Infect. Dis. 2016, 18, 240-246. [CrossRef] [PubMed]

Ramgqvist, T.; Nordfors, C.; Dalianis, T.; Ragnarsson-Olding, B. DNA from human polyomaviruses, TSPyV, MWPyV, HPyV6, 7
and 9 was not detected in primary mucosal melanomas. Anticancer Res. 2014, 34, 639-643. [PubMed]

Ang, KK.; Harris, J.; Wheeler, R.; Weber, R.; Rosenthal, D.I.; Nguyen-Tan, P.E,; Westra, WH.; Chung, C.H.; Jordan, R.C.; Lu, C,;
et al. Human papillomavirus and survival of patients with oropharyngeal cancer. N. Engl. ]. Med. 2010, 363, 24-35. [CrossRef]
[PubMed]

Fehr, A.; Kovacs, A.; Loning, T.; Frierson, H., Jr.; van den Oord, J.; Stenman, G. The MYB-NFIB gene fusion-a novel genetic link
between adenoid cystic carcinoma and dermal cylindroma. J. Pathol. 2011, 224, 322-327. [CrossRef] [PubMed]

Smeets, S.J.; Hesselink, A.T.; Speel, E.J.; Haesevoets, A.; Snijders, PJ.; Pawlita, M.; Meijer, C.J.; Braakhuis, B.].; Leemans, C.R,;
Brakenhoff, R.H. A novel algorithm for reliable detection of human papillomavirus in paraffin embedded head and neck cancer
specimen. Int. |. Cancer 2007, 121, 2465-2472. [CrossRef]

Bishop, J.A.; Andreasen, S.; Hang, J.F.; Bullock, M.]J.; Chen, T.Y.; Franchi, A.; Garcia, ].J.; Gnepp, D.R.; Gomez-Fernandez, C.R;;
Ihrler, S.; et al. HPV-related Multiphenotypic Sinonasal Carcinoma: An Expanded Series of 49 Cases of the Tumor Formerly
Known as HPV-related Carcinoma with Adenoid Cystic Carcinoma-like Features. Am. J. Surg. Pathol. 2017, 41, 1690-1701.
[CrossRef]

Jaso, J.; Malhotra, R. Adenoid cystic carcinoma. Arch. Pathol. Lab. Med. 2011, 135, 511-515. [CrossRef]

Chernock, R.D.; Lewis, ].S., Jr.; Zhang, Q.; El-Mofty, S.K. Human papillomavirus-positive basaloid squamous cell carcinomas of
the upper aerodigestive tract: A distinct clinicopathologic and molecular subtype of basaloid squamous cell carcinoma. Hum.
Pathol. 2010, 41, 1016-1023. [CrossRef]

Thariat, J.; Badoual, C.; Faure, C.; Butori, C.; Marcy, PY.; Righini, C.A. Basaloid squamous cell carcinoma of the head and neck:
Role of HPV and implication in treatment and prognosis. J. Clin. Pathol. 2010, 63, 857-866. [CrossRef]

de Sanjose, S.; Bruni, L.; Alemany, L. HPV in genital cancers (at the exception of cervical cancer) and anal cancers. Presse Med.
2014, 43, e423-e428. [CrossRef] [PubMed]

de Villiers, E.M.; Fauquet, C.; Broker, T.R.; Bernard, H.U.; zur Hausen, H. Classification of papillomaviruses. Virology 2004, 324,
17-27. [CrossRef] [PubMed]

Kobayashi, K.; Hisamatsu, K.; Suzui, N.; Hara, A.; Tomita, H.; Miyazaki, T. A Review of HPV-Related Head and Neck Cancer. J.
Clin. Med. 2018, 7, 241. [CrossRef]

Graham, R.P; Arnold, C.A.; Naini, B.V.; Lam-Himlin, D.M. Basaloid Squamous Cell Carcinoma of the Anus Revisited. Am. J.
Surg. Pathol. 2016, 40, 354-360. [CrossRef] [PubMed]

Stelow, E.B.; Bishop, J.A. Update from the 4th Edition of the World Health Organization Classification of Head and Neck Tumours:
Tumors of the Nasal Cavity, Paranasal Sinuses and Skull Base. Head Neck Pathol. 2017, 11, 3-15. [CrossRef]

Wieneke, J.A.; Thompson, L.D.; Wenig, B.M. Basaloid squamous cell carcinoma of the sinonasal tract. Cancer 1999, 85, 841-854.
[CrossRef]

Ishida, M.; Okabe, H. Basaloid squamous cell carcinoma of the maxillary sinus: Report of two cases in association with cathepsin
K expression. Oncol. Lett. 2013, 5, 1755-1759. [CrossRef]

Rahimi, S. HPV-related squamous cell carcinoma of oropharynx: A review. J. Clin. Pathol. 2020, 73, 624-629. [CrossRef]


http://doi.org/10.2217/fvl.13.55
http://doi.org/10.1111/tid.12500
http://www.ncbi.nlm.nih.gov/pubmed/26809742
http://www.ncbi.nlm.nih.gov/pubmed/24510993
http://doi.org/10.1056/NEJMoa0912217
http://www.ncbi.nlm.nih.gov/pubmed/20530316
http://doi.org/10.1002/path.2909
http://www.ncbi.nlm.nih.gov/pubmed/21618541
http://doi.org/10.1002/ijc.22980
http://doi.org/10.1097/PAS.0000000000000944
http://doi.org/10.5858/2009-0527-RS.1
http://doi.org/10.1016/j.humpath.2009.11.015
http://doi.org/10.1136/jcp.2010.078154
http://doi.org/10.1016/j.lpm.2014.10.001
http://www.ncbi.nlm.nih.gov/pubmed/25455637
http://doi.org/10.1016/j.virol.2004.03.033
http://www.ncbi.nlm.nih.gov/pubmed/15183049
http://doi.org/10.3390/jcm7090241
http://doi.org/10.1097/PAS.0000000000000594
http://www.ncbi.nlm.nih.gov/pubmed/26866355
http://doi.org/10.1007/s12105-017-0791-4
http://doi.org/10.1002/(SICI)1097-0142(19990215)85:4&lt;841::AID-CNCR11&gt;3.0.CO;2-6
http://doi.org/10.3892/ol.2013.1311
http://doi.org/10.1136/jclinpath-2020-206686

	Introduction 
	Materials and Methods 
	Patients and Tumour Samples 
	DNA Extraction and Detection of HPV and HPyV 
	Immunohistochemistry 
	Fusion Transcript Analysis 

	Results 
	Presence of HPV and HPyV DNA in Patients Diagnosed as AdCC 
	Patients with HPV-Positive Tumours Diagnosed as AdCC 

	Discussion 
	Conclusions 
	References

