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Abstract

Aims—In the current study, we aimed to examine primary parotid squamous cell carcinoma
(ParSCC) for the presence of HR-HPV and associated molecular alterations.

Methods and results—Eight cases of ParSCC were retrieved after a detailed clinicopathologic
review to exclude a possibility of metastasis and/or extension from another primary site. HR-HPV
status was determined based on immunohistochemistry (IHC) for p16 protein expression and by
chromogenic /n situ hybridization (CISH) for HR-HPV. All cases were genotyped by multiplexed
mass spectrometry assay interrogating 91 hotspot mutations in 8 cancer-related genes (EGFR,
KRAS, NRAS, BRAF, PIK3CA, AKT1, MEK1 and ERBBZ2), and studied by fluorescence /in situ
hybridization (FISH) for PTEN copy number alteration. Three of 8 cases (37.5%) were positive
for presence of HR-HPV by CISH and p16 IHC. One of three (33%) HR-HPV-positive cases
harbored PTEN hemizygous deletion, and one (33%) HR-HPV-paositive case harbored PIK3CA
E545K somatic mutation. No alteration of PTEN-PI3K pathway was detected in HR-HPV-negative
tumors. Over a median follow-up period of 66.2 months, only the patient with HR-HPV-positive
PIK3CA-mutated tumor died of his disease, while the remaining 7 patients were disease free.

Conclusions—Given the established etiologic role of HR-HPV in other head and neck
squamous cell carcinoma, it is likely that HR-HPV represents an oncogenic driver in the
pathogenesis of more than one third of ParSCC. Presence of HR-HPV in ParSCC may be coupled
with alterations in PTEN-PI3K pathway. HR-HPV and molecular characterization of a larger
number of ParSCC is needed to determine the clinical significance of these findings.
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Introduction

High risk human papillomavirus (HR-HPV) is a well-established oncogenic agent causing
about 5% of human cancers worldwide, in particular the vast majority of cervical and
oropharyngeal carcinomas, and a subset of anogenital squamous cell carcinoma -3, Over
the past two decades, the prevalence of HR-HPV in oropharyngeal squamous cell carcinoma
(SCC) has increased dramatically, from 21% prior to 1990 to 75% at present 3 4. More
importantly, recent research has shown that HR-HPV is an important prognostic and
predictive biomarker in oropharyngeal squamous carcinoma. HPV-positive oropharyngeal
SCC tends to affect relatively younger individuals that those usually affected by
conventional HPV-negative SCC, and is associated with a favorable overall prognosis,
excellent loco-regional control, prolonged disease specific survival, and improved response
to radiation therapy > 6.

The clinical significance of HR-HPV in head and neck SCC outside of the oropharynx, in
particular salivary glands, remains unclear. A handful of published studies have investigated
the effects of HPV, including HR-HPVs, in epithelial neoplasms, benign or malignant, of
salivary glands "~1°. The results were somewhat inconsistent with a documented incidence
of HPV ranging from nil to 100%. In addition, the majority of prior published studies have
employed polymerase chain reaction (PCR)-based assays. Despite its well-documented high
sensitivity, a positive PCR result does not necessarily imply the integration of the viral
oncogenes into the host DNA, which is the first initiating step leading to malignant
transformation. Primary squamous cell carcinoma of the parotid gland (parSCC) is a rare
and aggressive malignant epithelial tumor with a 5-year disease specific survival rate of 33%
to 50% 16: 17, To date, only one published study has reported HPV positivity in a single case
of squamous cell carcinoma of salivary gland, using a nested two-step-PCR assay and
customized primers targeting both high risk and low risk HPVs 8.

In the present study, our aim was to examine ParSCC for the presence of HR-HPV and any
associated molecular alterations. Additionally, we performed molecular and cytogenetic
analyses to explore the molecular alterations of HPV-positive and negative parSCCs.

Material and Methods

Case selection and characteristics and Confirmation of HPV status using p16
immunohistochemistry and CISH

The study was approved by the institutional review board. Eight cases fulfilling the
following criteria were retrieved from the pathology database: 1) patients who underwent
surgical resection at Memorial Sloan Kettering Cancer Center (MSKCC, New York, NY,
US) between 2000 to 2014; 2) a final pathological diagnosis of squamous cell carcinoma of
the parotid gland (parSCC); 3) no documented prior history of squamous cell carcinoma in
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the head and neck region; 4) no squamous cell carcinoma outside of the parotid gland
detected on extensive radiological, clinical, and endoscopic work-up; 5) no evidence of
direct connection of the tumor to the skin on radiological studies, macroscopic and
microscopic examination; and 6) an epicenter of the tumor within the parotid gland by
imaging and/or macroscopic examination. All histologic and immunohistochemistry slides
were reviewed by four head and neck pathologists. The pathologic and clinical stages were
assigned using the American Joint Committee on Cancer (AJCC) staging manual 18,

Immunohistochemistry studies were performed to confirm the presence of squamous
differentiation and to exclude diagnostic mimics. Antibodies and ISH probes utilized are
listed in Table 1. HPV status was confirmed using p16 immunostain and CISH against HPV
types 16, 18, 31, 33, and 51. Immunopositivity for p16 was defined as a diffuse and strong
cytoplasmic and nuclear stain of p16 in at least 70% of tumor cells (Figure 1G). A
carcinoma was considered as positive for HR-HPV only when the integrated pattern was
observed (Figure 1H). Additionally, FISH for PLAG1, MAMLZ2 or EWSR-1 loci was
performed in three individual cases to exclude diagnostic mimickers.

Clinico-pathological features captured included: age, gender, smoking history, duration of
clinical follow-up, disease status at the last follow-up, clinical staging, size of the tumor,
tumor necrosis, mitotic index,, perineural invasion, lymphovascular invasion, AJCC pT and
pN stages 18.

Molecular and cytogenetic analyses

Results

All cases were genotyped using a multiplexed mass spectrometry assay for hotspot
alterations (Sequenom) based on matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF MS). DNA from the tumor samples was used to
interrogate presence of single nucleotide variation (SNV) in 91 hot-spots in 8 oncogenes:
EGFR, KRAS, BRAF, PIK3CA, AKT1, NRAS, MEK1, and ERBBZ2 as previously
described 1°. Immunohistochemistry studies and FISH were performed to investigate the
status of PTEN in these tumors.

A total of 8 patients were identified from the MSKCC pathology database, fulfilling the
inclusion criteria stated above. All eight cases harbored poorly differentiated predominantly
non-keratinizing squamous cell carcinoma, among which four exhibited focal abrupt
keratinization (Figure 1). All eight tumors studied were infiltrative and were devoid of
lymphoid cuff. The squamous differentiation was confirmed by diffuse and strong
immunopositivity for p63 (7/8, 88%), cytokeratin 34BE12 (5/5, 100%), Cytokeratin 5/6 (4/4,
100%) and/or p40 (8/8, 100%); as well as immuno-negativity for androgen receptor (0/8),
calponin (0/3), smooth muscle actin (0/4), and S100 (0/4).

A positive HPV status, as confirmed using CISH positivity for HR-HPV, was identified in 3
tumors (38%). All tumors that were positive for HR-HPV on CISH analysis showed strong
nuclear and cytoplasmic p16 immunostain in > 70% of cells; while only one of the five HR-
HPV negative cases were positive for p16 immunostain. The demographic, clinical and

Histopathology. Author manuscript; available in PMC 2017 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Xu et al.

Page 4

pathological features of HPV-positive and HPV-negative carcinomas are summarized in
Table 2. In our series, primary parSCC affected predominantly elderly male patients. The
median age of presentation was 68 years and the male to female ratio was 7:1. None of the
patients had an identifiable history of previous radiation to the head and neck region. Three
patients were ex-smokers (10 to 70 pack-years), while the remaining were non-smokers. No
noticeable difference was identified between the HPV-positive and HPV-negative
carcinomas in terms of age, gender, and risk factors. HPV-positive carcinomas were
associated with a higher risk of lymphovascular invasion and lymph node metastases,
compared to their HPV-negative counterparts. The remaining histological features, including
tumor size, mitotic index, tumor necrosis, perineural invasion, AJCC pT and pN staging,
were indistinguishable between HPV-positive and negative tumors.

The median follow-up period was 61 months (range: 8 to 150 months). All patients
underwent parotidectomy, selective neck dissection, and adjuvant radiation therapy at initial
presentation. Seven patients were disease-free at the time of last follow-up, including 5
HPV-negative and 2 HPV-positive cases. One patient who was diagnosed with pT3 pN2b
HPV-positive poorly differentiated SCC developed a neck recurrence and possible
metastases in the mediastinum and lungs 5 months post-surgery and died 4 months later.

While no mutation was identified using Sequenom assay from the tumors of the 7 patients
who were disease-free at last follow-up, a missense somatic mutation of P/IK3CA c.
1633G>A (p.E545K) on exon 9 was detected in the patient with HPV-positive parSCC who
suffered disease-specific death. Additionally, one HPV-positive parSCC demonstrated
complete loss of PTEN protein expression, and a somatic hemizygous P7TEN deletion on
FISH assay (Figure 1E and 1F). The remaining tumors did not show P7TEN deletion.

Discussion

Recent epidemiological data have implicated a key pathogenesis role of HR-HPV in head
and neck squamous cell carcinoma, particularly those arising within the oropharynx 2 2. In
addition, HR-HPV has emerged as a prognostic and predictive biomarker in oropharyngeal
SCC. A positive HR-HPV status has been associated with a favorable loco-regional control,
overall survival, and disease specific survival, as well as an improved response to radiation
therapy > 6. The roles of HR-HPV in head and neck cancer outside of the oropharynx, in
particular within the salivary glands, remain unclear. Emerging yet scanty and controversial
evidence has been published demonstrating the presence of HPV in certain but not all types
of salivary gland epithelial neoplasms with a reported incidence ranging widely from nil to
100% (reviewed and summarized in Table 3) 715, Since the parotid gland directly
communicates with the oral cavity through Stensen’s duct, it is possible that HR-HPV could
theoretically gain access to the parotid gland via retrograde transportation. Using ISH or
PCR techniques, HR-HPV positivity was detected in a variety of benign and malignant
salivary gland epithelial lesions, including pleomorphic adenoma, oncocytoma, Warthin’s
tumor, squamous cell carcinoma, acinic cell carcinoma, adenoid cystic carcinoma,
adenocarcinoma, and mucoepidermoid carcinoma (Table 3) 7~15. However, most of these
studies included only a limited number of cases, and the documented frequency of any
particular entity was not always consistent across studies. For example, Vagali et al. (2007) 2
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and Teymoortash et al. (2013) 14 showed that HPV DNA was absent in Warthin’s tumor, a
benign salivary epithelial neoplasm. In contrast, Teng et al. (2014) 15 detected the presence
of HR-HPVs, including HPV 16 and 18, in 4 of 12 (33%) Warthin’s tumors. Similarly, the
reported incidence of HR-HPV in mucoepidermoid carcinoma, the most common malignant
salivary gland epithelial tumor, varied from nil 11 to 47 — 100% 12 15, With regard to
squamous cell carcinoma of the parotid gland, the only case with documented HPV status
has been reported by Fischer and Von Winterfeld (2003) 8 who detected the presence of
HPV in a single case of squamous cell carcinoma of the parotid gland. The authors
employed a nested two step-PCR assay with customized primers targeting HPV 6, 11, 13,
16, 31 and 33. Thus, it was unclear whether this specific tumor harbored HR or low risk-
HPV.

The marked variation in the reported frequency of HPV in salivary gland tumors might be
due to the small number of cases included in these studies, but could also be attributed to the
different detection methods used. Although HPV infection is nearly ubiquitous in humans,
the vast majority are transient and not carcinogenic. Thus, the ultimate goal of HPV
detection is to recognize oncogenic HR-HPV infection. PCR-based assays, in particular
nested PCR, are extremely sensitive. Therefore, a positive PCR result using GP5+/6+
primers detects the presence of the virus genome, even at a very low copy number, and may
not represent clinically relevant HPV infection. Indeed, HPV is only implicated in
tumorigenesis when E6/E7 mRNA is transcriptionally activated, while a significant
proportion (14-50%) of carcinomas with detected HR-HPV genomic DNA using PCR do
not contain transcribed E6/E7 mRNA 1. 21-23 Moreover, PCR techniques do not distinguish
between episomal and integrated HPV DNA, or between non-neoplastic and neoplastic
tissue, leading to a further increase in the detection of clinically insignificant HPV infection.
In situ hybridization (ISH), on the other hand, is a highly specific method allowing reliable
topographical visualization of HPV within the nuclei of tumor cells. Additionally, the ISH
technique allows discrimination between the integrated and the episomal state of HPV.
Compared with the diffuse nuclear staining for episomal virus, a punctuated nuclear signal
indicates integration of the viral DNA into the host DNA, which would then trigger
carcinogenesis in the host cell 1:21-23 P16 protein overexpression, detected by
immunohistochemistry, is an indirect consequence of E7 oncogene transcription, and can
serve as a cost-effective surrogate marker with 94-100% sensitivity and 79 — 82% of
specificity for tumorigenic HR-HPV infection 1+ 2123, The majority of previously published
studies have adopted PCR-based assays /9 11. 12,14, 15 Hence, the detection of HPV in
these studies did not necessarily indicate a pathogenic role of HR-HPV in these tumors.
Only three groups have studied the status of HPV in salivary gland tumor using ISH
techniques 10:13. 14 While Seethala et al. (2012) 13 did not detect HR-HPV in 7 cases of
lymphadenoma Boland et al. (2012) 10 identified HR-HPV in 2 of 25 (8%) cases of adenoid
cystic carcinoma; and Teymoortash et al. (2013) 4 reported HR-HPV positivity in 13 of 40
(33%) Warthin’s tumors. Interestingly, the ISH staining pattern in HPV-positive Warthin’s
tumors was episomal 14, suggesting that the HR-HPV may not be pathogenic in Warthin’s
tumor. The current study is the first study showing that some primary SCCs of the parotid
gland (38%) may be driven by HR-HPV as demonstrated by positive CISH studies and
confirmed by immunohistochemistry for p16. One potential weakness of the present study
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was that the CISH probe utilized only detected the most common HR-HPV types, namely
16, 18, 31, 33, and 51, but not other rare types of HR-HPVs. The current study is also the
only study with a long-term clinical follow-up allowing evaluation of the clinical relevance
and prognostic value of HR-HPV in these tumors. We intentionally excluded cases from our
consult service, and included only those patients who received surgical resection and clinical
follow-up at our center. This approach minimized selection bias, ensured comparable and
consistent results of HPV detection, and allowed collection of reliable long term clinical
data. Unlike SCC of the oropharynx which is associated with an improved clinical

outcome 2 20, our study showed that HPV positivity in SCC of the parotid gland had no
significant impact on clinical and pathological staging and prognosis. However, the small
number of cases is a limiting factor, and additional larger scale studies are needed.

The facts that HR-HPV related parotid squamous cell carcinomas was associated with a
propensity for lymphovascular invasion and metastases to neck lymph nodes may raise
concerns that these cases are parotid metastases rather than primary squamous cell
carcinoma of the parotid gland. However, this possibility was excluded on the basis of an
extensive clinico-radiological examination and/or multiple benign biopsies of the
oropharynx. Additionally, two of three patients with HR HPV-related ParSCC showed no
evidence of disease 23 and 66 months after the initial resection, which also argues against
the metastatic nature of their disease.

Recent genomic evidence has shown that alteration in PTEN-PIK3CA-AKT-mTOR pathway
is the most frequent genomic alteration detected in 48 to 53% of HPV-positive head and
neck squamous cell carcinomas 24-28. Such alterations include ATEN inactivation by
mutation and deletion, and P/IK3CA mutation or amplification. Using Sanger sequencing,
Chiosea et al. (2013) 24 have detected P/K3CA alteration in 31% of oropharyngeal SCC, the
most common one being p.E545K missense mutation. Similarly, using massive parallel high
throughout DNA sequencing, three recent studies have shown that P/IK3CA and PTEN
alterations are present in 37% and 11% of HPV-positive head and neck squamous cell
carcinomas, respectively 26: 2729 Consistent with what has been reported in the literature,
we identified PIK3CA E545K mutation (1/3, 33%) and PTEN hemizygous deletion (1/3,
33%) in HPV-positive parSCCs. Although previous studies reported that the presence of
PIK3CA alteration did not alter clinical prognosis of head and neck squamous cell
carcinoma 24, the patient with HPV-associated SCC harboring P/K3CA somatic mutation in
our series was the only patient who suffered adverse outcomes, including distant recurrence
and ultimately disease specific death. As SCC is a rare malignancy of salivary gland, future
collaborative studies across different tertiary centers are needed to collect sufficient evidence
in order to clarify the prognostic value of PIK3CA somatic mutation in HPV-positive and
HPV-negative SCCs of parotid gland.

Conclusions

To the best of our knowledge, our study is the first to report the presence of high risk human
papillomavirus in a proportion of primary squamous cell carcinoma of the parotid gland
suggesting that HPV may contribute to the pathogenesis of parSCCs. PTEN hemizygous
deletion and P/IK3CA somatic mutation were detected in HPV-positive primary SCCs,
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suggesting that alteration in PTEN-PIK3CA-AKT-mTOR pathway may play a role in HPV-
related parSCC. Unlike oropharyngeal squamous cell carcinoma in which HPV is associated
with an improved survival, HPV in parotid SCC may not correlate with better outcome.
However, future studies with larger number of cases are needed to confirm such findings.
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Antibodies and in situ hybridization probes utilized in the current study.

Table 1

10 FISH probe

Antibody specificity Clone Dilution | Source

pl6 E6H4 RTU Ventana Medical
Systems Inc

p63 4A4 RTU Ventana Medical
Systems Inc

p40 PC373 1: 3000 EMD Millipore

Cytokeratin 5/6 D5/16B4 RTU Ventana Medical
Systems Inc

Cytokeratin 34BE12 34BE12 RTU Ventana Medical
Systems Inc

Calponin EP789Y RTU Ventana Medical
Systems Inc

Smooth muscle actin asm-1 1:50 Vector laboratory

S100 70311 1:8000 DAKO

PTEN 6H2.1 1:100 DAKO

Androgen receptor AR441 1:200 DAKO

CISH probe for high PATHO-GENE® NA ENZO Life Sciences

risk HPV type 16, 18, Inc.

3133, and 51

FISH probe for PTEN | Vysis® LSI PTEN/CEP | NA Abbott Laboratories

RTU: ready to use
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Clinicopathologic characteristics of high risk human papillomavirus (HR-HPV)-negative and positive
squamous cell carcinoma in the parotid gland 4.

Overall HR-HPV ()  HR-HPV (+)
N 8 5 3
Clinical characteristics
Age, median ( range) 68 (51-87) 67(51-87) 70 (58 - 81)
Gender
Male 7 5 2
Female 1 0 1
Smoking status
Non-smoker 5 3 2
Ex-Smoker 3 2 1
Clinical staging
I 4 4 0
11 1 0
IVa 3 0 3
Follow-up period (months)@ 61 (8 — 150) 78(21-150) 31(8-69)
Disease status at last F/U
No evidence of disease 7 5 2
Dead of disease 1 0 1
Pathological characteristics
Tumor Size (cm) 37(21-50) 31(21-45) 47(2.0-6.0)
Mitotic index (/10 HPFs) 12 (2-38) 11 (2-38) 13 (9 - 19)
Surgical Margin Status
Negative 4 3 1
Close (<0.1cm) 1 1 0
Positive 3 1 2
Lymphovascular invasion
Yes 4 1 3
No 4 4 0
Perineural invasion
Yes 5 2 3
No 3 3 0
Tumor necrosis
Yes 5 2 3
No 3 3 0
AJCC pT stage
T2 4 3 1
T3 3 2 1
Tda 1 0 1

AJCC pN stage
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Overall HR-HPV () HR-HPV (+)
NO 5 5 0
N2b 3 0 3
PIK3CA E545K mutation
Yes 1 0 1
No 7 5 2
Loss of PTEN immunoexpression and PTEN
deletion on FISH analysis
Yes 1 0 1
No 7 5 2

a\/alues were expressed as N or mean (range).

AJCC: American Joint Committee on Cancer, FISH: fluorescence /n situ hybridization, F/U: clinical follow-up, HPFs: high power fields (400X),

HPV: human papilloma virus.
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