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Abstract

Head and neck squamous cell carcinoma (HNSCC) is the seventh most prevalent cancer
worldwide. Significant risk factors in the development of HNSCC are tobacco smoking and
alcohol consumption. However, the exact impact of human papillomavirus (HPV) on the
survival prognosis of patients with HNSCC, particularly those with laryngeal squamous cell
carcinoma (LSCC) and hypopharyngeal squamous cell carcinoma (HPSCC), remains
somewhat unclear.

This research aimed to examine the prevalence of HPV infection (HPV DNA, E6/E7
mRNA) among individuals diagnosed with oropharyngeal squamous cell carcinoma (OPSCC),
HPSCC, and LSCC, and to understand the role of HPV infection in tumour formation and
patient survival by evaluating the immunohistochemical (IHC) expression of tumour suppressor
proteins (p16 and p53) and HPV16 E6 and E7 oncoproteins.

The first part of the research involved a retrospective study of 247 patients with
confirmed OPSCC. The primary outcomes assessed in this study were overall survival (OS)
and disease-specific survival (DSS), in addition to histopathological analysis. The results of the
Kaplan-Meier survival analysis indicated better survival outcomes for female patients, younger
individuals without unhealthy habits (smoking and alcohol abuse), those who underwent
surgery and received radiotherapy, and those with lower tumour grade and disease stage. The
Cox regression analysis revealed a reduced risk of early death in patients with lower tumour
grade, no regional metastases (NO), and without unhealthy habits, as well as in patients who
underwent surgery and received radiotherapy. Most tumours were localised in the palatine
tonsils and the base of the tongue, but the localisation did not show a correlation with mean
survival time or survival outcomes. Significantly lower OS and DSS rates were observed in
patients with involvement of the pharyngeal wall and tonsils compared to tumours localised in
the soft palate. The histological variant of the tumour did not appear to significantly impact OS
and DSS, while the chosen therapeutic approaches had a significant effect on survival
outcomes.

The second part of the research encompassed the IHC (pl16, p53, HPV16 E6/E7
proteins) and virological (HPV DNA, E6/E7 mRNA\) investigation of 106 tumour samples from
patients with HNSCC (34 OPSCC, 41 LSCC, 31 HPSCC), as well as clinical assessment of
these patients.

To evaluate and compare several molecular biology methods for detecting HPV in
nucleic acid material obtained from formalin-fixed paraffin-embedded (FFPE) samples.
assessment of the 31 FFPE tumour samples from patients with HPSCC was performed. The



two real-time PCR methods, Anyplex 11 HPV28 and Sacace HPV High-Risk Screen Real-TM
Quant, exhibited strong agreement. A moderate positive correlation was identified between the
semiquantitative results obtained from Anyplex 11 HPV28 and the quantitative results obtained
from Sacace. Used nucleic acid extraction Kits are good and reliable for extracting qualitative
material for further molecular investigation. Real-time PCR methods that target smaller DNA
amplicons are effective and dependable techniques for detecting HPV genetic material in FFPE
samples.

Further assessment of 106 HNSCC samples revealed that HPV16 was the most
prevalent high-risk (HR-) HPV type found. The prevalence of HPV16 was 26/34 (76.47%),
22/41 (53.66%), and 20/31 (64.52%) in OPSCC, LSCC, and HPSCC accordingly. HPV16
E6/E7 mRNA was detected in 15/26 (57.7%) of the OPSCC samples, 2/22 (9%) of the LSCC
samples, and 0/20 of the HPSCC HPV16-positive samples. Overexpression of HPV16 E6
protein was immunohistochemically confirmed in 44/106 (41.5%) of the HNSCC samples, and
overexpression of HPV16 E7 protein — in 39/106 (36.8%) of the HNSCC samples.

The presence of HPV DNA, both low-risk (LR-) and HR-HPV types, was linked to
improved 5-year OS and DSS rates in patients with OPSCC and LSCC. The IHC
overexpression of HPV16 E6 protein and pl6 protein was associated with better survival
outcomes, as observed in both univariate analysis for OPSCC and multivariate analysis for
OPSCC and HPSCC. Additionally, the overexpression of p53 was linked to improved survival
specifically in OPSCC.

This research has provided crucial insights into our understanding of HPV prevalence
and significance in HNSCCs. However, additional studies are necessary to investigate the role
of HPV infection (HR- and LR-) in non-oropharyngeal HNSCC and its prognostic value in
survival of these patients. Moreover, more studies are needed to evaluate the potential use of
IHC for HPV16 E6 protein expression as a prognostic marker in OPSCC and HPSCC.

Keywords: oropharynx; larynx; hypopharynx; squamous cell carcinoma; HPV; PCR;
immunohistochemistry; p16; p53; E6/E7 viral oncoproteins; survival analysis.



Anotacija
Cilveka papilomas virusa nozime galvas un kakla véZu attistiba un prognoze

Galvas un kakla plakanstnu karcinoma (GKPK) ir septita visizplatitaka véza forma
pasaulé. Nozimigi riska faktori GKPK attistiba ir tabakas smékéSana un parmériga alkohola
lietosana. Tom@r preciza cilvéka papilomas virusa (CPV) ietekme uz GKPK pacientu dzivildzi,
ipaSi pacientiem ar balsenes plakansiinu karcinomu (BPK) un hypopharynx plakansinu
karcinomu (HPPK), joprojam nav pilniba skaidra.

S1 pétijuma mérkis bija izpétit CPV infekcijas prevalenci (HPV DNS, E6/E7 mRNS)
pacientiem ar diagnosticétam oropharynx plakanstnu karcinomu (OPPK), HPPK un BPK un
saprast CPV infekcijas lomu So audzgju attisttba un pacientu dzivildzg, izvertjot audzeju
supresoru proteinu (pl6 un p53) un CPV16 E6 un E7 onkoproteinu imiinhistokimisko
ekspresiju.

Promocija darba pirmaja dala tika ieklauts retrospektivs petijums par 247 pacientiem ar
histologiski apstiprinatu OPPK. Saja p&tijuma galvenais mérkis bija izvértét kop&jo un slimibas
specifisko dzivildzi, ka arT veikt histopatologisku audzg&ju analizi. Kaplana-Meijera dzivildzes
analizes rezultati noradija uz labakiem izdzivosanas rezultatiem sievieSu dzimtes pacientiem,
gados jaunakiem pacientiem bez kaitigiem ieradumiem (smé&k&Sana un parmeériga alkohola
lietoSana), tiem, kuriem bija veikta operacija un kuri sanéma staru terapiju, ka arT pacientiem ar
mazaku primaro audz&ju un zemaku slimibas stadiju. Cox regresijas analize atklaja samazinatu
agrinas naves risku pacientiem ar zemaku T pakapi, bez regionalam metastazém (NO) un bez
kaitigiem ieradumiem, ka ari tiem, kuriem bija veikta operacija un kuri sanéma staru terapiju.
Lielaka dala pétijuma ieklauto OPPK pacientu bija ar auksléju mandelu vai méles pamatnes
audzgjiem, tacu audzg€ja lokalizacija nekorel€ja ar vid€jo izdzivosanas laiku vai izdzivoSanas
rezultatiem. Biitiski sliktaka kop&ja un slimibas specifiska dzivildze bija pacientiem ar rikles
sienas un aukslgju mandelu véziem salidzinajuma ar audz€jiem, kas lokaliz&ti mikstajas
aukslgjas. Audzgja histologiskais variants ievérojami neietekm&ja kop&o un slimibas
specifisko dzivildzi, savukart izvéletajiem arsté$anas veidiem bija ievérojama ietekme uz
dzivildzi.

Promocijas darba otraja dala tika veikta 106 GKPK paraugu (34 OPPK, 41 BPK, 31
HPPK) imtinhistokimiska (p16, pS3, HPV16 E6/E7 proteini) un molekulari biologiska (CPV
DNS un E6/E7 mRNS) izmekl&sana, ka ari veikta So pacientu kliniska izvértésana un analize.

Lai izvertetu un salidzinatu dazadas molekulari biologiskas izmeklésanas metodes CPV
noteikSanai no parafina ieguldito audu iegiitaja nukleinskabju materiala, tika izmekl&ts

31 formalina fikséts parafina ieguldits HPPK paraugs. Divas reala laika polimerazes kedes



reakcijas (PKR) metodes, Anyplex Il HPV28 un Sacace HPV High-Risk Screen Real-TM Quant,
demonstrgja statistiski stipru rezultatu saskanu. Tika konstateéta mérena pozitiva korelacija starp
Anyplex 11 HPV28 semikvantitativajiem rezultatiem un Sacace kvantitativajiem rezultatiem.
Pielietotie nukleinskabju ekstrakcijas komplekti ir viegli izmantojami un uzticami, lai izgiitu
kvalitativu materialu no parafina iegulditiem audiem turpmakai molekularai izmekl€Sanai.
Reala laika PKR testi, kas mérkéti uz isaku DNS fragmentu noteikSanu, ir efektivi un uzticami
CPV genétiska materiala atklasana parafina ieguldito audu paraugos.

Talaka 106 GKPK paraugu izmekléSana atklaja, ka CPV16 ir visizplatitakais augsta
riska CPV tips $ajos paraugos. CPV 16 izplatiba bija attiecigi 26/34 (76,47 %), 22/41 (53,66 %)
un 20/31 (64,52 %) OPPK, BPK un HPPK gadijuma. CPV16 E6/E7 mRNS tika konstatétas
15/26 (57,7 %) OPPK, 2/22 (9 %) BPK un 0/20 HPPK CPV16-pozitivajos paraugos. CPV16
E6 proteina pozitivitate tika imanhistokimiski apstiprinata 44/106 (41,5 %) GKPK paraugos,
savukart HPV16 E7 proteina pozitivitate bija novérojama 39/106 (36,8 %) GKPK paraugos.

CPV DNS klatbiitne (augsta un zema riska CPV veidi) audzgja bija saistita ar labakiem
piecu gadu kopgjas un slimibas specifiskas dzivildzes raditajiem pacientiem ar OPPK un BPK.
CPV16 E6 proteina un pl6 proteina imiinhistokimiska pozitivitate bija saistita ar labakiem
izdzivo$anas rezultatiem gan Kaplana-Meijera analizé OPPK gadijuma, gan Cox analizé OPPK
un HPPK gadijumos. Turklat p53 pozitivitate bija saistita ar labaku dzivildzi tieSsi OPPK
gadfjuma.

Sis pétijums ir sniedzis svarigu informaciju par CPV prevalenci un nozimi GKPK
riska) lomu neorofaringealu GKPK attistiba un So pacientu dzivildze. Papildus ir nepiecieSami
petijumi, lai izvertétu CPV16 E6 proteina imiinhistokimiskas ekspresijas prognostisko vertibu,
1pasi OPPK un HPPK gadijumos.

Atslegvardi: oropharynx; balsene; hypopharynx; plakanstinu karcinoma; CPV; PKR;

imiinhistokimija; p16; p53; E6/E7 onkoproteini; dzivildzes analize.
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Introduction

Squamous cell carcinoma is the most common malignant tumour in the head and neck
region (Sung et al., 2021). HNSCC is the seventh most prevalent cancer worldwide, with over
660,000 new cases and 325,000 fatalities occurring each year (Gormley et al., 2022). According
to the GLOBOCAN data, 98,412 new cases of OPSCC, 98,412 new cases of LSCC, and 84,254
new cases of HPSCC were registered in 2020 (Sung et al., 2021). HNSCC is more frequently
diagnosed in men, usually over the age of 50 (Miranda-Filho & Bray, 2020). The 5-year survival
rate for advanced tumours is approximately 50% (Lo Nigro et al., 2017).

Significant risk factors in the development of HNSCC are tobacco smoking and alcohol
consumption, both of which have a synergistic effect (Kuper et al., 2002; Hashibe et al., 2007,
2009). In cases of HNSCC caused by smoking and alcohol consumption, p53 gene mutations
frequently occur, which play a role in cell cycle regulation (Carlos de Vicente et al., 2004).
Mutations in the p16 tumour suppressor gene also occur, resulting in the loss of the tumour
suppressor p16 (Beck et al., 2017; Schade et al., 2019; Deneka et al., 2022). p16, as a CDK
inhibitor, binds to the CDK4/CDK6 complex, suppressing pRb phosphorylation.
Phosphorylated pRb dissociates from the E2F transcription factor, which promotes the
transcription of genes crucial for the G1 phase-to-S phase transition of the cell cycle. Disruption
of pl16 function leads to dysregulation of the cell cycle, resulting in uncontrolled cell
proliferation (J. Li et al., 2011; Rayess et al., 2012; Kotake et al., 2015; Senga & Grose, 2021).
Although there has been an overall decrease in HNSCC incidence in the past 20 years, primarily
due to a decrease in the number of smokers, there has been an increase in the incidence of oral
and oropharyngeal squamous cell carcinomas (Taylor et al., 2021; Kawakita et al., 2022).

In addition to these traditional risk factors, HR-HPV types, especially HPV-16, are
considered separate and independent risk factors for HNSCC, particularly associated with
OPSCC. HPV status has also been associated with the pathogenesis of oral squamous cell
carcinoma, but the association between HPV and OPSCC is the strongest (Gillison et al., 2000;
Mork et al., 2001; Ernster et al., 2007; Andrews et al., 2009; Chaturvedi et al., 2011; Gillison
etal., 2015).

There are more than 220 known types of HPV (Human Reference Clones — Hpvcenter,
n.d.). Depending on their ability to induce malignancy, HPV can be classified into high-risk
and low-risk types. LR-HPV types comprise the majority of HPV types identified and are
generally not associated with the development of cancer and usually cause benign warts (Egawa
& Doorbar, 2017; Kombe Kombe et al., 2021). The most common LR-HPV variants in cases
of HPV infection in the head and neck region are HPV-6 and -11 (Munoz et al., 2003; de Martel



et al., 2017). On the other hand, HR-HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59,
66, and 68 are considered high-risk due to their association with cancer. HR-HPV infection has
long been recognised as a causal factor for anogenital cancers and has more recently been
acknowledged as a causal factor for certain head and neck cancers. While HR-HPV infection,
particularly HPV-16, is strongly linked to the development of OPSCC with HPV prevalence
being as high as 70% (Dayyani et al., 2010; Schache et al., 2016; Timbang et al., 2019), the role
of HR-HPV in other head and neck cancers such as LSCC and HPSCC is still a subject of
debate, as these cancers tend to be HPV-negative more frequently and are studied less
frequently when compared to OPSCC.

HPV-positive head and neck cancers exhibit distinct characteristics compared to HPV-
negative cancers, covering various aspects such as molecular mechanisms of transformation,
tumour progression, epidemiology, and most importantly, patient survival. The presence of
HPV in squamous cell carcinomas has been identified as a prognostic factor for survival,
particularly in HPV-associated OPSCCs, which are associated with a reduced risk of death and
recurrence (Mallen-St Clair et al., 2016). Hobs et al. have determined in their study that HPV
is strongly associated with tonsil cancer, moderately associated with oropharyngeal cancer, and
weakly associated with oral cancer (Hobbs et al., 2006). HPV-16 seropositivity is linked to an
increased risk of OPSCC in both smokers and alcohol users, as well as non-smokers and non-
alcohol users (D’Souza et al., 2007). However, the association between HPV status and survival
outcomes has not been definitively established for other types of HNSCCs such as LSCCs and
HPSCCs (Sanchez Barrueco et al., 2017; Ahmadi et al., 2018; Dahm et al., 2018; H. Wang et
al., 2019; Panuganti et al., 2021; Wu et al., 2021; Burbure et al., 2021; S.-P. Yang et al., 2022;
Sharkey Ochoa et al., 2022). HPV-positive head and neck cancers also display distinct
molecular signatures, including degradation of wild-type p53, absence of mutations in the p53
gene, decreased expression of pRb, and subsequent increased expression of pl6. These
molecular differences can aid in distinguishing HPV-associated cancers, facilitating treatment
adjustments and serving as prognostic markers (Mallen-St Clair et al., 2016).

The oncogenic potential of HPV relies primarily on two of its early proteins, namely E6
and E7. These viral proteins interact with crucial cell cycle regulators, known as tumour
suppressors, in the infected epithelial cells, leading to uncontrolled cell proliferation.
Considering the essential role of HPV oncoprotein expression in carcinogenesis and causality,
their expression levels can potentially serve as prognostic markers. Some researchers propose
that HPV-related head and neck cancers exhibit better prognosis due to a more vigorous and
specific immune response against tumour cells expressing HPV antigens, including E6 and E7.

Several studies have demonstrated that T cells derived from patients with OPSCC display
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increased proliferation and synthesis of inflammatory cytokines upon recognition of HPV16 E6
and E7 oncoproteins. Moreover, T cells from patients with HPV-related head and neck cancer
exhibit enhanced responses to E7 epitopes (Hoffmann et al., 2006; Wansom et al., 2010;
Heusinkveld et al., 2012; Sharkey Ochoa et al., 2022).

One of the viral oncoproteins, E6, plays a crucial role in promoting the degradation of
p53 through E6-associated ubiquitin ligase, leading to the disruption of cell cycle checkpoints,
evasion of apoptosis, and inactivation of p21, a target of p53. This in turn, prevents cells from
entering the S phase and induces cell cycle arrest in the G1 phase (Pal & Kundu, 2019; Johnson
et al., 2020). In non-HPV-associated cases of head and neck cancers, mutations in the p53-
encoding gene are commonly observed, resulting in the loss of p53 function or even the
acquisition of functions that facilitate invasion, metastasis, and cancer cell proliferation (Nathan
et al., 2022). Studies have demonstrated that patients with HNSCCs positive for HPV and
lacking p53 expression (due to p53 degradation by E6) exhibit a more favourable prognosis and
improved overall survival (Smith et al., 2010).

E7, in contrast, exhibits strong binding to pRb and promotes its degradation through the
proteasomal pathway, leading to the release of E2F transcription factor and subsequent
stimulation of cell cycle progression into the S phase (Boyer et al., 1996; Berezutskaya &
Bagchi, 1997; Bodily & Laimins, 2011; Pal & Kundu, 2019). Another consequence of E7-
mediated pRb degradation is the upregulation of p16, a potent tumour suppressor. The detection
of pl6 overexpression has become a molecular hallmark for identifying HPV-associated
OPSCCs and has been shown to have a positive impact on patient survival in these cases.
However, such an association has not been firmly established for non-oropharyngeal subsites
of HNSCCs (Bishop et al., 2015; Du et al., 2019). Several studies have reported either a lack of
pl6 expression, even in the presence of HPV mRNA, or similar levels of pl6 expression
regardless of HPV status in these non-oropharyngeal HNSCCs (Castellsagué et al., 2016; Senga
& Grose, 2021).

However, the expression of viral oncogenes E6 and E7 is necessary but not sufficient
for the development of epithelial dysplasia and HPV-associated carcinomas. Through
molecular analysis of cervical cancer tissues, it has been observed that the viral genome often
integrates into the genome of host cells (zur Hausen, 2000). Additionally, the viral E6 and E7
genes are typically the only ones retained and expressed, indicating the crucial role played by
these proteins in HPV-associated carcinogenesis (Scheffner & Whitaker, 2003).

Significant results are related to the detection of HPV DNA in tumour tissues and the
determination of HPV infection markers in blood serum. To infer the involvement of the virus

in oncogenesis, it is necessary to establish its transcriptional activity (Snijders et al., 2003; Jung
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etal., 2010). Transcriptionally active HPV markers traditionally include overexpression of p16,
as well as the expression of E6 and E7 proteins (Wiest et al., 2002; Weinberger et al., 2006;
Jung et al., 2010; Kato et al., 2020).

Overall, HPV-positive HNSCC has a better prognosis than HPV-negative HNSCC.
Several studies have shown that patients with HPV-positive OPSCC respond better to treatment
than patients with HPV-negative OPSCC (Gillison et al., 2000; Weinberger et al., 2006; Kumar
et al., 2007, 2008). Due to the better prognosis of HPV-positive OPSCC compared to HPV-
negative OPSCC, treatment de-escalation has been proposed, which essentially involves
reducing the radiation and chemotherapy doses to mitigate treatment-related toxicity and long-
term morbidity (Attner et al., 2012; Golusinski et al., 2021; Rosenberg & Vokes, 2021).
Therefore, by determining the HPV status (and its transcriptional activity) of HNSCC,
specifying the risk factors, and considering the stage of the disease, treatment de-escalation can
be introduced by reducing the doses of radiation therapy and chemotherapy, as well as including
surgery as a third treatment modality, which is itself a de-escalation strategy.

In Latvia, the routine practice of detecting p16 in OPSCC was introduced only recently.
However, the determination of HPV status is not a standard procedure for patients with
HNSCC, even though standardised methods and procedures are widely implemented in
developed countries. There are also no unified guidelines for HNSCC treatment in Latvia. By
identifying the aforementioned morphological and molecular virological markers, patients

could be classified, allowing for the use of appropriate therapy.

Aim of the Thesis

The aim of this research is to investigate the prevalence of HPV infection (HPV DNA
and E6/E7 mRNA) in patients with oropharyngeal, hypopharyngeal, and laryngeal squamous
cell carcinomas, as well as its significance in tumour development and survival of the patients
with the additional assessment of the immunohistochemical expression of tumour suppressor
proteins (p16 and p53) and HR-HPV E6 and E7 oncoproteins.

Objectives of the Thesis

The following objectives are set to reach the aim of the Doctoral Thesis:

1. Analyse the associations among medical history data (patient’s gender and age,
survival data), primary tumour location, TNM data, risk factors (smoking and
alcohol consumption), morphological and molecular virological findings to
investigate the role of HPVs in the development of oropharyngeal, hypopharyngeal,

and laryngeal squamous cell carcinoma, and their impact on survival.
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2. Determine the presence of HPV’s DNA (LR- and HR-) in HNSCC tissues using
PCR with consensus primers.

3. Determine the presence of HR-HPV’s genomic DNA (especially HPV16, 18) in
HPV+ HNSCC.

4. Determine the transcriptional activity of HR-HPV in HR-HPV+ HNSCC by
detecting E6/E7 mRNA.

5. Analyse the immunohistochemical expression of tumour suppressor proteins p16
and p53, as well as HPV EG6/E7 oncoproteins, in tissues from patients with
histologically confirmed squamous cell carcinoma of the oropharynx, hypopharynx,

and larynx.

Hypotheses of the Thesis

e HPV infection plays a role in the development of oropharyngeal, hypopharyngeal,
and laryngeal squamous cell carcinoma.

e HPV status in patients with oropharyngeal, hypopharyngeal, and laryngeal
squamous cell carcinoma is an independent prognostic factor.

e pl6, p53, HR-HPV EG/E7 oncoproteins have prognostic value and impact survival.

e There are associations between p16, p53, HPV status (HPV DNA, E6/E7 mRNA,
HR-HPV EG6/E7 oncoprotein immunoexpression), and survival in patients with

oropharyngeal, hypopharyngeal, and laryngeal squamous cell carcinomas.

Novelty of the Thesis

The novelty of this research lies in exploration of HPV’s involvement in LSCC and
HPSCC aetiopathogenesis. While the role of HPV in OPSCC has been well-established, there
remains significant uncertainty regarding its association with LSCC and HPSCC. Through
comprehensive molecular and immunohistochemical analyses, this study confirms the
participation of HPVs in the development of LSCC and HPSCC, shedding light on a previously
neglected aspect of HPV-related cancers.

A key highlight of this research is the demonstration of the effectiveness of
immunohistochemical detection of HR-HPV EG6/E7 oncoproteins as potential prognostic
markers specifically in non-OPSCC cases. The utilization of immunohistochemistry emerges
as a valuable tool for evaluating the prognosis of these cancers, significantly enhancing our
comprehension of HPV's role in the carcinogenesis of LSCC and HPSCC. Ultimately, this study
stands as a pioneering contribution to broadening our understanding of HPV-associated
HNSCC, extending beyond the established domain of OPSCC. The findings hold promise for
influencing diagnostic and prognostic strategies in the context of LSCC and HPSCC.
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1 Materials

The research consisted of two parts:

1. Retrospective study of 247 patients with OPSCC

2. Prospective study of 106 patients with HNSCC (34 OPSCC, 41 LSCC, 31 HPSCC)

The retrospective study was conducted at the Riga East University Hospital, Oncology
Centre of Latvia; 247 patients diagnosed with OPSCC were included, staged following the TNM
classification of the Union for International Cancer Control (6th edition) for oropharyngeal
carcinoma. The study period ranged from 1% January 2000 to 31% December 2010. The diagnosis
of OPSCC was confirmed through histological examination, and the patients' data was obtained
from the Hospital Archive and the Centre for Disease Prevention and Control.

The collected data were analysed to determine the 3-year and 5-year OS and DSS rates
for all patients and included patient survival status, death date (if applicable), age at the time of
the diagnosis, sex, T status, N status, M status, disease stage, hazardous habits (smoking,
alcohol abuse), therapy modality (radiotherapy, surgery, chemotherapy, symptomatic therapy,
and combinations of aforementioned), primary tumour location, and histopathological variant
of the tumour. Chemotherapy treatment consisted of single-agent regimens involving
cetuximab or platinum medication (cisplatin).

The second part included a complex analysis of 106 patients with HNSCC. Diagnosis
was made upon histological examination and confirmed at the Latvian Oncology Centre; time
frame of patient enrolment was between January 2015 and August 2019. The research was
performed by the means of gathering patients’ clinical data and performing IHC and molecular
analysis of the gathered tumour samples. Data about patients’ age, sex, TNM stages, hazardous
habits (smoking, alcohol abuse), and received therapy was obtained. Survival data of the
patients was obtained from the Centre for Disease Prevention and Control. Several
morphological methods were used in the research — immunohistochemistry and
immunofluorescence. Finally, different molecular biology methods were used — DNA and RNA
extraction from fresh frozen tissue and FFPE samples, conventional and real-time PCRs for
detection of viral DNA and RNA products. The study was conducted at the Riga East University
Hospital, Oncology Centre of Latvia. In addition to fresh tumour samples obtained during
surgery or biopsy, FFPE blocks along with the histopathology reports were collected from the
Pathology Centre of Riga East University Hospital. All morphological studies were conducted
at the Joint Laboratory of Electron Microscopy, Institute of Anatomy and Anthropology. The
molecular biological studies were performed at the Institute of Microbiology and Virology,

Riga Stradin$ University.
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2 Methods

2.1 The first part. Survival analysis of patients with OPSCC linked to histopathology,
disease stage, tumour size, risk factors, and received therapy

The study is described in the manuscript “Lifsics, A., Rate, E., Ivanova, A., Tars, J.,
Murovska, M., and Groma, V. (2020). Survival analysis of oropharyngeal squamous cell
carcinoma patients linked to histopathology, disease stage, tumor stage, risk factors, and
received therapy. Experimental oncology, 42(1), 51-59. https://doi.org/10.32471/exp-
oncology.2312-8852.vol-42-no-1.14147".

A retrospective study involved 247 patients with histopathologically confirmed OPSCC.
The collected data were analysed to determine the 3-year and 5-year OS and DSS rates for all
patients and hazard ratios of analysed variables to determine the significant factors affecting

patients’ survival. Patients’ characteristics are summarised in Table 2.1.

Table 2.1

Patients’ characteristics
Sex —n (%):
e Male 227 (91.90)
e Female 20 (8.10)
Age (years):
e Mean (SD) 60 (8.985)
e Range 27 -85
Disease stage — n (%)*:
o] 3(1.22)
o II 19 (7.72)
o III 61 (24.80)
o [V 163 (66.26)
T stage — n (%0)**:
o Tl 23 (9.39)
e T2 59 (24.08)
e T3 73 (29.80)
e T4 90 (36.73)
N stage— n (%0)*:
e NO 77 (31.30)
o NI 54 (21.95)
e N2 82 (33.33)
e N3 30 (12.20)
e Nx 3(1.22)
Alcohol abuse — n (%)***:
® Yes 82 (35.19)
e No 151 (64.81)
Smoking — n (%0)****:
e Yes 180 (75.95)
* No 57 (24.05)
Alcohol and smoking — n (%0): 73 (31.47)

* Unknown for 1 patient

** Unknown for 2 patients
*** Unknown for 14 patients
**** Unknown for 10 patients
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FFPE samples of OPSCC were obtained from various major subsites, retrieved from the
archival files of the Department of Pathology Oncology Centre of Latvia. Pathology reports for
all tumours were reviewed, and the analysis was conducted on sections stained with
haematoxylin and eosin. Tumours were classified based on their histological features. However,
it should be noted that in the early years of this retrospective study, certain factors such as the
pattern of invasion at the tumour edge, presence of perineural invasion, and immune system
response, as proposed by Brandwein and co-authors (Brandwein-Gensler et al., 2005) and
subsequently discussed by other researchers (Duvvuri et al., 2014), were underestimated.
Consequently, the histopathological assessment did not consider the revision of surgical
margins and the evaluation of supplemental tissue. Microphotographs were captured using
Leitz DMRB bright-field optics equipped with a digital camera DC 300F.

2.2 The second part. Prospective study of 106 patients with HNSCC

The results of this part have been published in three manuscripts:

« LifSics, A., Cistjakovs, M., Groma, V. & Murovska, M. (2021). Detection and
Genotyping of Human Papillomavirus in Hypopharyngeal Carcinoma Samples.
Proceedings of the Latvian Academy of Sciences. Section B. Natural, Exact, and
Applied Sciences., 75(1), 11-15. https://doi.org/10.2478/prolas-2021-0002

 Lifsics, A., Groma, V., Cistjakovs, M., Skuja, S., Deksnis, R., & Murovska, M.
(2021). Identification of High-Risk Human Papillomavirus DNA, p16, and E6/E7
Oncoproteins in Laryngeal and Hypopharyngeal Squamous Cell Carcinomas.
Viruses, 13(6), 1008. https://doi.org/10.3390/v13061008

« Lifsics, A., Cistjakovs, M., Sokolovska, L., Deksnis, R., Murovska, M., & Groma, V.
(2023). The Role of the p16 and p53 Tumor Suppressor Proteins and Viral HPV16
E6 and E7 Oncoproteins in the Assessment of Survival in Patients with Head and
Neck Cancers Associated with Human Papillomavirus Infections. Cancers, 15(10),
2722. https://doi.org/10.3390/cancers15102722

The study was approved by the Ethical Committee of Riga Stradin$ University

(Decisions No. 3/24.09.2015.) and conducted according to the Declaration of Helsinki.

2.2.1 Patients’ characteristics

The sex, age, TNM status, differentiation grade (G) of the tumour, smoking and drinking
habits at the time of presentation, and treatment modalities were assessed for each patient. The
survival data were gathered from The Centre for Disease Prevention and Control on 1 January
2022. In total, 34 of 106 patients had OPSCC, 41 had LSCC, and 31 had HPSCC. The patients’

data is summarised in Table 2.2.
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Table 2.2
Patients’ characteristics

Cases (n = 106)

OPSCC (n = 34) LSCC (n=41) HPSCC (n =31)
Sex:
e Male 27 39 29
e Female 7 2 2
Age (median) 58.5 64.3 65.9
T stage:
o TI 6 4 0
o T2 6 8 4
e T3 6 24 16
o T4 16 5 11
N stage:
o0 1 35 6
o1 15 4 16
o2 12 2 8
o3 6 0 1
M stage:
o0 34 40 27
o | 0 1 4
G stage *:
o1 5 5 6
o2 21 34 21
o3 7 2 4
Hazards:
e None 9 4 3
e Smoking 8 29 20
e Smoking and alcohol abuse 17 8 8
Treatment :
e RT 16 1 21
e OP 0 9 0
e RT+OP 2 29 4
e RT+ChT (Cetuximab)+/—OP 10 0 0
e Symptomatic 6 1 6

* One patient had a missing value in the OPSCC group. "~ One patient had a missing value in the LSCC group.
RT—radiotherapy, OP—surgical treatment, ChT—chemotherapy.

2.2.2 DNA extraction

Fresh frozen or FFPE tissues form cancer were used to extract DNA material for further
investigation.

The DNA extraction from fresh frozen tissue material was performed with the standard
phenol/chloroform extraction method.

DNA extraction from FFPE was performed using the blackPREP FFPE DNA Kit
(Analytik Jena, Germany) in accordance with the manufacturer’s protocol. To avoid cross-
contamination, separate sterile blades were used for each specimen.

The quality and quantity of DNA were estimated spectrometrically (Nanodrop ND-1000
Spectrophotometer, Thermo Fisher Scientific, Waltham, MA, USA). All samples had
acceptable 260/280 nm ratios suggestive of high purity. Beta- (-) globin PCR with appropriate
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primers was used to determine the quality of isolated DNA (Vandamme et al., 1995). Only

-globin positive samples were used for further analysis.

2.2.3 RNA Extraction

Fresh frozen or FFPE tissues from cancer tissues were processed for total RNA
extraction. Only specimens positive for HR-HPV DNA were submitted to RNA extraction.

Standard RNA extraction with TRIzol LS Reagent from Thermo Fisher Scientific was
accomplished for fresh frozen tissue specimens according to the producer’s manual.

A PureLink FFPE Total RNA Isolation Kit (Thermo Fisher Scientific, USA) was used
for RNA extraction from FFPE cancer samples, following the manufacturer’s protocol. Each
sample was sectioned separately with a new sterile blade.

A spectrophotometric analysis was used to assess the concentration and quality of the

extracted RNA. All samples had acceptable 260/280 nm ratios suggestive of high purity.

2.2.4 Screening of the samples by MY09/11 and GP5+/6+ consensus primers

All extracted DNA samples were submitted for testing by the PCR with consensus
primers MY9/MY11 and GP5+/6+ to detect wide range of HR-HPV and LR-HPV types
(Sahiner et al., 2014; Shikova et al., 2009). Results were visualised by electrophoresis in 1.7%
agarose gel. Amplification products of 450 bp and 150 bp length for MY09/11 and GP5+/6+
respectively were considered HPV positive (Table 2.3). Positive and negative controls were

included in each reaction.

Table 2.3
Oligonucleotide primers used for HPV DNA detection
Primers Sequence (5'-3") Amplicon (bp)
B-globin primers
GS 268 ACACAACTGTGTTCACTAGC 200
GS 269 TGGTCTCCTTAAACCTGTCTTG
Consensus primers
MY09 CGTCC(AC)A(AG)(AG)GGA(T)ACTGATC 450
MY11 GC(AC)CAGGG(AT)CATAA(CT)AATGG
GP5+ TTTGTTACTGTGGTAGATACTAC 150
GP6+ GAAAAATAAACTGTAAATCATATTC
Type-specific primers
16.L1-1 TGCTAGTGCTTATGCAGCAA
16.L1-2 ATTTACTGCAACATTGGTAC 152
18.1 AAGGATGCTGCACCGGCTGA 216
18.2 CACGCACACGCTTGGCAGGT

18



2.2.5 HPYV genotyping using HPV16 and HPV18 type-specific
primers

Type-specific primers for HPV-16 and 18 were used in the PCR reaction (Table 2.3).
Amplification using HPV16 specific primers produces 152 bp long amplicons and using
HPV/18 specific primers — 216 bp amplicons (Shikova et al., 2009). Results were visualised by
electrophoresis in 1.7% agarose gel. Positive and negative controls were included in each

reaction. All available specimens were analysed using these primers.

2.2.6 HPV genotyping using Anyplex I HPV28

Anyplex 11 HPV28 multiplex real-time PCR was performed as recommended by the
manufacturer (Seegene, South Korea). 5 pl specimen DNA were added in each of two sets
(wells) with a 20-pul PCR reaction mix. Set A consists of primer mix for 14 HR-HPV types
(HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68), and set B consists of primer mix
for 5 possibly HR-HPV types (HPV26, 53, 69, 73, and 82) and 9 LR-HPV types (HPV®, 11,
40, 42, 43, 44, 54, 61, and 70). Both primer sets were designed for the HPV L1 gene and
produced 100 and 200 bp amplicon correspondingly.

Melting curves are obtained at 30, 40, and 50 cycles allowing the semiquantitative
specimen analysis and differentiating between high (+++), medium (++), or low (+) viral load,
and has internal positive and negative controls. The kit has DNA quality control by detecting
the B-globin gene. The results were analysed using the Seegene Viewer software (Seegene,
Seoul, Republic of Korea). Only specimens positive in consensus PCR or PCR with HPV16/18
L1 primers were analysed with this kit.

2.2.7 HPYV detection by Sacace HPV High-Risk Screen
Real-TM Quant

HPV High-Risk Screen Real-TM Quant (Sacace Biotechnologies, Italy) is an in vitro
real-time amplification test for quantitative detection of HPV types 16, 18, 31, 33, 35, 39, 45,
51, 52, 56, 58, 59. It includes a mixture of primer for HPV groups A7, A9 (HPV16, 18, 31, 33,
35, 39, 45, 52, 58, 59), HPV group A5 (HPV51), and HPV group A6 (HPV56), and has an
internal control (B-globin gene). The kit contains quantitative standards with the known
concentration of HPV DNA, used for calculation of viral load. Only specimens positive in

consensus PCR or PCR with HPV16/18 L1 primers were analysed.

2.2.8 HPV16 E6/E7 mRNA detection

E6/E7 mRNA detection was conducted through real-time PCR using the PreTect HPV-
Proofer kit. This assay allowed for the qualitative identification of HPV E6/E7 oncogene
MRNA from high-risk HPV types including 16, 18, 31, 33, and 45. The kit incorporates an
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intrinsic sample control to evaluate the quality of the specimen, and samples with positive
intrinsic controls were deemed valid. Only samples positive for HR-HPV were utilised for the
detection of E6/E7 mRNA.

2.2.9 [IHC evaluation of the specimens

Samples were processed as FFPE specimens for further analysis. The IHC assessment
of HPV16 E6/E7 proteins, p53, and pl6 proteins was performed according to a previously
validated protocol (Skuja et al., 2018; Zake et al., 2018).

Briefly, 4-5 um-thick FFPE tumour sections were mounted on SuperFrost Plus slides
(Gerhard Menzel GmbH, Braunschweig, Germany), underwent a standard preparation process
and were then incubated overnight at 4°C with specific primary antibodies. The antibodies used
were as follows: a monoclonal mouse anti-CDKN2A/p16'N%4 antibody (Abcam, Cambridge,
UK, diluted 1:300, ab201980), a monoclonal mouse anti-p53 antibody (Santa Cruz
Biotechnology, Inc., Dallas, TX, USA, diluted 1:50, sc-47698), a monoclonal mouse anti-
HPV16 E6 + HPV18 E6 antibody (Abcam, Cambridge, UK, prediluted, ab51931) (J. Yang et
al., 2016; Stiasny et al., 2016; Meng et al., 2018), and a monoclonal mouse anti-HPV16 E7
antibody (Santa Cruz Biotechnology, Inc., diluted 1:50, sc-6981). The visualization of the IHC
reactions was achieved using the HiDef Detection HRP Polymer system and diaminobenzidine
tetrahydrochloride substrate kit (Cell Marque, Rocklin, CA, USA). Counterstaining of cell
nuclei with Mayer's haematoxylin was performed, and negative controls were prepared by
omitting the primary antibodies.

The positive immunoreactivity was indicated by the appearance of brown reaction
products, with p53 and HPV16 E7 proteins showing nuclear staining, while p16 protein and
HPV16 E6 protein exhibited nuclear and cytoplasmic staining. The cutoff for pl6
immunostaining was set at 50% positive tumour cells, as proposed by Hong et al. (Hong et al.,
2013). The evaluation of p53 immunostaining was performed semiquantitatively, considering
a sample to be p53-positive (p53+) if it met the criteria described by Halec et al. (Halec et al.,
2013). p53 overexpression (upregulation) was defined as p53 positivity in >50% of tumour cells
with intensity = 2 or >25% of tumour cells with intensity = 3. Specimens that did not meet these
criteria were considered p53-negative (p53—; downregulation).

For the detection of E6 and E7 proteins, only HR-HPV-positive specimens, which all
contained HPVV16 DNA, were included. The semiquantitative estimation of E6 and E7 protein

expression was conducted in 20 randomly selected visual fields of each sample, encompassing
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both the tumour and the surface epithelium of the regions of interest. Two ways of interpretation
were used for assessment:
» Depending on proportion of immunopositive cells, the levels of the E6 and E7
immunoexpression were graded as negative — 0, weak — with < 10 %, moderate —
11-50 %, and strong — > 50 %, respectively (publication in MDPI Viruses). The
levels were asserted in tumour cells and in epithelium cells separately.
« E6 and E7 immunoexpression levels were graded as negative if there were <10 %
immunopositive cells and positive if > 10 % immunopositive cells were detected
(publication in MDPI Cancers). The levels of expression were asserted in whole

specimen (tumour and epithelial regions combined).

2.2.10 Immunofluorescence

To better visualize the distribution and localisation of the HR-HPV16 E7 oncoprotein
within the cellular context, fluorescence-based immunodetection was employed for the tumour
tissue specimens. The sections were subjected to immunoreaction using a mouse monoclonal
anti-HPV16 E7 antibody (Santa Cruz Biotechnology, Inc., diluted 1:50, sc-6981) overnight at
4°C. Following this, the sections were washed with PBS and incubated with a secondary
antibody, goat anti-mouse 1gG-FITC (Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA,
diluted 1:300, sc-2010). Subsequently, the sections were counterstained with 4',6-diamidino-2-
phenylindole (DAPI) (Thermo Fisher Scientific, Invitrogen, Renfrew, UK, diluted 1:3,000) and
mounted in Prolong Gold with DAPI (Thermo Fisher Scientific). The imaging process was

carried out using an Eclipse Ti-E confocal microscope (Nikon, Tokyo, Japan).
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3 Statistical Analysis

3.1 The first part (retrospective)

All statistical analyses were performed using the IBM SPSS. Statistical analysis was
conducted to assess the correlation between the mentioned covariates and survival outcomes,
as well as the mean overall survival time after diagnosis. To determine the statistical
significance of differences between analysed groups, Pearson's chi-squared test or Fisher's exact
test (depending on group size) was employed, with a significance level of p <0.05. Cramer's V
was used to measure the association between two nominal variables. To determine the
significance of differences between nominal variables and mean survival time after diagnosis,
an analysis was conducted using either the Kruskal-Wallis test or the Mann-Whitney test,
depending on the number of groups involved.

The statistical data was also analysed using the Kaplan-Meier survival analysis. 3- and
5-year OS and DSS were estimated. Differences in unadjusted survival rates were evaluated
through the log-rank test, p < 0.05 was deemed as significant. To estimate the hazard ratio, the
Cox regression method was employed. Various covariates such as age, sex, T status, N status,
hazardous habits (smoking, alcohol abuse), therapy modalities (radiotherapy, surgery,
chemotherapy, symptomatic therapy, and combinations thereof), primary tumour location, and

histopathological variant of the tumour were included in the survival model.

3.2  The second part (prospective)

All statistical analyses were performed using GraphPad Prism (GraphPad Software, La
Jolla, CA, USA). The Anderson-Darling, D’Agostino and Pearson, and Shapiro—Wilk
normality tests were applied to assess numerical data distribution. The comparison of means
between different groups of numerical variables was performed using one-way ANOVA. For
data with non-Gaussian distribution, Kruskal-Wallis or Friedman’s test (for paired groups)
followed by the two-stage step-up method of Benjamini, Krieger, and Yekutieli as false
discovery rate controlling test were used. To compare numerical values between two groups,
the Mann-Whitney test or Wilcoxon test (for pared groups) were applied. Relations between
analysed groups were investigated using nonparametric Spearman’s correlation analysis
(Mukaka, 2012; Akoglu, 2018). p values less than 0.05 (p < 0.05) were considered statistically
significant.

Seegene results were assessed semiquantitatively and coded as follows: 1 — negative;
2 — for +; 3 — for ++; and 4 — for +++. Viral load (copies/10° cells) from the Sacace assay was

expressed in logio and submitted to the statistical analysis. For negative samples, logio random

22



values of 0 (viral load of approximately 1 copies/10° cells) as a mean and SD of 0.1 were
assigned (generated with GraphPad Prism random number generator).

Cohen’s « test was used to assess agreement between the HPV detection methods with
1 —indicating perfect agreement; 1 to 0.81 — very good agreement; 0.80 to 0.61 — good
agreement; and 0.60 to 0.21 — moderate to a poor agreement.

A nonlinear regression model was used to graphically assess the relationship between
the viral load and the semiquantitative results of Anyplex Il HPV28 assay.

A univariate survival analysis was performed using the Kaplan—Meier method; OS and
DSS were assessed. A multivariate survival analysis was performed using the Cox regression

method. p values less than 0.05 (p < 0.05) were considered statistically significant.
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4 Results

4.1  Retrospective survival analysis of 247 patients with OPSCC

The retrospective cohort study examined 247 patients with histologically confirmed
OPSCC in different stages. The distribution of subsites within the cohort included palatine
tonsils (n = 110, 44.52 %), base of tongue (n = 76, 30.77 %), soft palate (n = 20, 8.10 %), and
posterior pharyngeal wall (n = 41, 16.60 %). Most of the patients had advanced disease stages,
with only a small proportion presenting with stage | (n =3, 1.22 %) and stage Il (n = 19,
7.72 %). Most patients were male (n = 227, 91.90 %), with a median age of 60.20 years (range
27-85). The study investigated various factors related to patient survival and disease
characteristics.

The analysis revealed that female patients had a significantly longer mean survival time
than males. However, there was no correlation between survival and gender, and the difference
in OS between genders was not statistically significant. Interestingly, DSS in female patients
was significantly better than in males. The patients were also divided into three age groups
(younger than 55 years, 55 to 64 years, and older than 65 years), and it was found that there
were significantly more deceased patients in the older age subgroup. However, no correlation
was observed between age group and survival. Kaplan-Meier estimates (Table 4.1) showed a
decrease in survival with increasing age, but the differences in OS and DSS were not
statistically significant when all three age groups were considered. Pairwise comparisons
showed statistically significant differences in survival between patients younger than 55 years
and older than 64 years (p = 0.048).

The study investigated the association between survival and disease stage, revealing a
moderate correlation. Kaplan-Meier survival analysis (Table 4.1) showed borderline
statistically significant differences (p = 0.058) in OS and DSS according to the disease stage.
However, pairwise comparisons did not find statistically significant differences in OS and DSS
between specific disease stages. Mean survival time and positive outcomes were found to
decrease with higher T stage, indicating a moderate correlation between outcome and tumour
size. Kaplan-Meier (Table 4.1) analysis demonstrated better OS and DSS for patients with

smaller tumours (T1-2) compared to those with bigger tumours (T3-4).
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Kaplan-Meier analysis of potential prognostic factors for OS, DSS

Table 4.1

Variable

3-year Kaplan-Meier estimate %
(95% ClI)

5-year Kaplan-Meier estimate %
(95% ClI)

0OS

DSS

0OS

DSS

Age, years (n; %0):
e <55 (62; 25.10)
e 55-64 (105; 42.51)

25.8 % (14.8-36.8)
21.6 % (13.6-29.6)

24.1% (13.1-35.1)
19.6 % (11.8-27.4)

22.6 % (12.2-33.0)
15.7 % (8.6-22.8)

20.7 % (10.3-31.1)
14,4 % (7.3-21.5)

® >65(80; 32.39) 14.1% (6.5-21.7) | 12.3% (4.3-20.3) | 7.7 % (1.8-13.6) 7.7% (1.2-14.2)
p =0.092 p=0.108 p=0.092 p=0.108
Sex:
o Male 19.8% (14.5-25.1) | 19 % (12.7-23.3) | 14 % (9.5-18.5) 12,8 % (8.3-17.7)
e Female 30 % (10.0-50.0) | 309% (10.0-50.0) | 25 % (6.0-44.0) 25 % (6.0-44.0)
p =0.06 p = 0.0486 p =0.06 p = 0.0486
Disease stage:
ol 100 % (-) 100 % (-) 100 % (-) 100 % (-)
o Il 36.8 % (15.0-58.6) | 37.5% (13.8-61.2) | 31.6 % (10.6-52.6) | 31.3 % (8.6-54.0)
o Il 21.7 % (11.3-32.1) | 23.6 % (12.4-34.8) | 13.3% (4.7-21.9) | 14.5% (5.1-23.9)
o IV 16.3% (10.6-22.0) | 13.0% (7.5-18.5) | 11.1% (6.2-16.0) | 10.3% (5.4-15.2)
p = 0.0058 p = 0.0058 p = 0.0058 p =0.0058
T stage:
o T1 429 % (21.7-64.1) | 37.5% (13.8-61.2) | 42.9% (21.7-64.1) | 37.5 % (13.8-61.2)
o T2 34.5% (22.3-46.7) | 35.8% (22.9-48.7) | 22.4% (11.6-33.2) | 22.6 % (11.4-33.8)
e T3 16.4% (8.0-24.8) | 16.4% (7.6-25.2) | 9.6 % (2.9-16.3) 10.4% (3.1-17.7)
e T4 114 % (4.7-18.1) | 8.5% (2.4-14.6) 6.8 % (1.5-12.1) 6.1 % (1.0-11.2)
p <0.0001 p <0.001 p <0.0001 p <0.001
N status:
e NO 27.6 % (17.6-37.6) | 27.9 % (17.3-38.5) | 21.1 % (11.9-30.3) | 22.1 % (12.3-31.9)
o N+ 19% (12.9-25.1) | 16.8% (10.7-22.9) | 12.3 % (7.2-17.4) | 10.7 % (5.8-15.6)
p=011 p=0.11 p=0.11 p=0.11

Primary tumour
location:

e Palatine tonsil 18.5% (11.2-25.8) | 16.8% (9.5-24.1) | 12% (5.9-18.1) 9.9 % (4.0-15.8)
e Base of thetongue | 24.3 % (14.5-34.1) | 22.7 % (12.5-32.9) | 17.6 % (9.0-26.2) | 18.2% (9.0-27.4)
¢ Pharyngeal wall 15 % (4.0-26.0) 135% (2.5-24.5) | 7.5% (0-15.7) 8.1% (0-16.9)
e Soft palate 40 % (18.4-61.6) | 43.8%(19.5-68.1) | 35% (14.0-56.0) | 37.5% (13.8-61.2)
p =0.003 p =0.003 p =0.003 p =0.003
Alcohol abuse and
smoking:
o Neither 34 % (20.5-47.5) | 31.8% (18.1-45.5) | 23.4 % (11.2-35.6) | 25 % (12.3-37.7)
e 1 factor 22.7% (14.9-30.5) | 20.4 % (12.4-28.4) | 16.4 % (9.5-23.3) | 14.3% (7.4-21.2)
e Both 11.4% (4.0-18.8) | 10.9% (3.3-185) | 7.1% (1.0-13.2) 6.3 % (0.4-12.2)
p =0.002 p =0.008 p =0.002 p =0.008
Treatment (n):
e RT (175) 14 % (8.7-19.3) 12.6 % (7.5-17.7) | 7.6 % (3.7-11.5) 7.5% (3.4-11.6)
e OP(7) 42.9% (6.2-79.6) | 40 % (0-82.9) 42.9 % (6.2-79.6) | 40 % (0-82.9)
e RT+OP (39) 52.6 % (36.7-68.5) | 54.8 % (37.4-72.2) | 42.1 % (26.4-57.8) | 41.9 % (24.5-59.3)
e RT+ChT 235%(3.343.7) | 25% (3.8-46.2) 17.6 % (0-35.6) 18.8 % (0-38.0)
(Cetuximab) +/—
OP (17)
e RT+ChT (Cisplatin) | 33.3 % (0-86.6) 33.3% (0-86.6) 33.3 % (0-86.6) 33.3 % (0-86.6)
+/—OP (3)
e Symptomatic (6) 0% 0% 0% 0%
p <0.001 p <0.001 p <0.001 p <0.001
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Figure 4.1 Kaplan-Meier DSS plot according to hazardous habits

There was no correlation between survival and N status. OS and DSS did not
significantly differ based on N status. Smoking showed a moderate correlation with survival,
with nonsmokers exhibiting higher OS and DSS. There was no correlation between alcohol
abuse and survival or mean survival time. Notably, patients who both smoked and abused
alcohol had a statistically significant decline in OS and DSS (Table 4.1, Figure 4.1).

The study did not find an impact of tumour location on mean survival time or
survival. Patients with pharyngeal wall and tonsillar tumours had the worst OS (p = 0.03)
and DSS (p = 0.026) estimates, while patients with tumours of the soft palate had better
outcomes. Histological analysis revealed that most tumours were keratinizing squamous
cell carcinoma (KSCC; 70.85 %), while a smaller proportion were nonkeratinizing
squamous cell carcinoma (NKSCC; 19.43 %), undifferentiated carcinomas (1.21 %), or
adenosquamous carcinoma (0.4 %). The specific histological variant of the tumour did not
significantly affect OS or DSS.

The tissue samples of KSCC showed large polygonal squamous cells with distinct cell
borders and the presence of keratin formation. The tumours exhibited a range of grades, from
well-differentiated to poorly differentiated, with varying degrees of keratinization (Figures 4.2,
4.3,4.4).
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Figure 4.2 Soft palate region. KSCC (verrucous type) showing folded and thickened

neoplastic epithelium comprised of large polygonal cells with distinct cell borders
and varying degree of eosinophilia. Nuclei are pleomorphic

H&E, original magnification x200.

: g : ‘ ' 2L Y
", 4 L g . - W
& S SR 3.5 DA AN T

’ 2 YOl :
Figure 4.3 Base of the tongue. NKSCC. Densely packed mitotically active epithelial cells forming
the pushing and infiltrating masses of carcinoma

H&E, original magnification x200.
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Figure 4.4 Palatine tonsil. NKSCC. Nests of tumour cells
with ill defined borders and necrosis

H&E, original magnification x200.

Keratin pearls, indicative of keratin formation, were observed. Even in poorly
differentiated tumours lacking keratinization, there was diffuse squamous maturation. The
KSCC samples often consisted of discrete nests with abundant eosinophilic cytoplasm,
displaying nuclear pleomorphism (Figures 4.2, 4.5). Infiltrative nests of tumour cells were
commonly found within the stroma, which exhibited prominent desmoplasia.

On the other hand, NKSCC tumours formed nests, sheets, and cords with well-defined
borders. These tumours were characterised by relatively monomorphic, densely packed
basaloid cells with ovoid and spindle-shaped morphology and indistinct cell borders. The
mitotically active tumour cells displayed highly hyperchromatic nuclei and a high nuclear-to-
cytoplasmic ratio.

While the study did not specifically differentiate between HPV-driven tumours and
HPV-negative tumours, it can be speculated that KSCC tumours are highly likely to be HPV-
negative, while NKSCC tumours are suggestive of HPV involvement. NKSCC tumours
typically formed sheets, nests, and cords with sharply defined borders, and the tumour cells

exhibited basaloid features with peripheral palisading (Figure 4.6).
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Figure 4.5. Soft palate region. KSCC. Tumour cells demonstrate nuclear pleomorphlsm mitotic
and apoptotic features. Some tumour cells contact the nerve bundle.
H&E, original magnification x250.

Figure 4.6 Base of the tongue. NKSCC. Nests and cords of tumour cells with basaI0|d
features, peripheral palisading, intraluminal necrosis, keratocysts

H&E, original magnification x100.




To better understand the aggressive behaviour of the tumour, we considered factors such
as perineural spread, lymphovascular invasion, and muscular invasion, as we recognised that
histological grade based on keratinization alone may not consistently predict clinical outcomes.
Our findings revealed that perineural invasion and lymphovascular invasion were commonly
observed in squamous cell carcinomas, which correlated with decreased survival rates (Figure
4.5). Furthermore, as the tumour masses invaded deeper, we observed that the malignant cells
infiltrated the underlying skeletal muscle tissue, forming islands and cords (Figure 4.7).

A strong correlation between survival and therapy was observed, indicating that the type
of treatment received had a significant impact on patient survival. However, there was no
correlation between applied therapy and mean survival time. Significant differences in OS and
DSS were found among different therapeutic modalities (Table 4.1). Patients in the OP and
RT+OP groups had better survival outcomes compared to other treatment groups. Pairwise
comparisons revealed significant differences in OS only between the RT and RT+OP groups,
RT+OP and RT+ChT (Cetuximab) +/—OP groups (p <0.05) , and borderline significance
between the RT and OP groups. These findings suggest that patients who underwent surgery

had higher survival rates, while those in the RT group (excluding symptomatic treatment group)

had the lowest survival rates (OS an DSS).

Figure 4.7 Posterior pharyngeal wall. Poorly differentiated squamous cell carcinoma.
Tumour nests and nodules reveal muscular invasion; lymphoplasmacytic infiltration

H&E, original magnification x250.
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Among the patients included in the study, the majority did not receive surgical
intervention as part of their treatment (n = 196). Only a small number of patients underwent
primary tumour excision (n =10), neck dissection (n = 28), or both (n =13). Analysing the
impact of surgical intervention on patient outcomes, we found that the number of deceased
patients was significantly higher when no operation was performed (Table 4.2).

Additionally, the mean OS time after the diagnosis of the disease was significantly
longer in surgically treated patients. However, we did not find a correlation between mean OS
time and the specific type of surgery performed. Kaplan-Meier analysis demonstrated
significant differences in survival (OS and DS) depending on whether the patient underwent
surgery or not, with significantly higher survival rates in patients who underwent surgical
intervention (p <0.0001). Nevertheless, pairwise comparisons of different types of surgical
procedures did not show any significant differences in OS (p = 0.29) or DS (p = 0.11).

The Cox regression method was applied in two stages in this study. Firstly, all factors
were analysed without distinguishing subgroups (univariate analysis, Table 4.3), and then
subgroups of each factor were assessed (multivariate analysis, Table 4.4). The analysis revealed
that T stage, N status, and sex had a statistically significant or probable impact on mortality
after the detection of the disease (Table 4.3). Specifically, for T stage, the risk of death increased
by 39 % for each increase in stage, while for N status, the risk of death increased by 51 % when
changing from NO to N+ status. Additionally, the risk of death was 70 % higher for females
compared to males. Other factors did not show a statistically significant impact on the risk of
early death. The Cox regression plot for cumulative survival indicated that 50 % of patients
died within 12 months after the diagnosis of cancer (Figure 4.8).

Table 4.2
Breakdown of patients by type of operation and outcome of the disease
. Outcome .
Type of N.Of patients of the N.Of patients Statistical analysis between
. (incidence, . (incidence,
operation - disease groups
%) %)
(therapy)
Positive .
Primary Tu 10 (survived) 3 (30.00) All groups | Only operations
excision (4.05; 19.61) Negative
(deceased) 7 (70.00) P, V1 Py V1
Positive
Neck dissection 28 (survived) > 1852
(11.34;54.90) | Negative 22 (81.48)
(deceased) ' 0.19 0.26
Positive 6 (46.15) ' '
Both 13 (survived) ' 711 0.33
(5.26; 25.49) Negative 7 (53.85) x10° '
(deceased) '
Positive
None 196 (survived) 12/(6.25)
(79.35; -) Negative
(deceased) 180 (93.75)

* The incidence among all patients and the incidence only between operations.
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Cox proportional hazard, univariate analysis

Table 4.3

Variable B P Exp(B) Cl1 95 % Exp(B)
Sex 0.53 4.88 x102 1.70 1...2.88
Age groups 0.14 0.14 1.15 095...14
Alcohol abuse and/or smoking 0.02 0.83 1.02 0.85...1.22
T 0.33 2.40 x10°® 1.39 1.2...1.63
N status (NO vs. N+) 0.41 1.35 x10 151 1.09 ... 2.09
Therapy -0.10 0.14 0.90 0.79 ... 1.03
Primary tumour location -0.08 0.29 0.92 0.79 ... 1.07
Histological variant 0.07 0.36 1.07 092...1.25

Variable B P Exp(B) Cl1 95 % Exp(B)
Sex 0.53 4.88 x1072 1.70 1...2.88
Age groups 0.14 0.14 1.15 095...14
Alcohol abuse and/or smoking 0.02 0.83 1.02 0.85...1.22
T 0.33 2.40 x10°® 1.39 1.2...1.63
N status (NO vs. N+) 0.41 1.35 x10°2 151 1.09 ... 2.09
Therapy -0.10 0.14 0.90 0.79 ... 1.03
Primary tumour location -0.08 0.29 0.92 0.79 ... 1.07
Histological variant 0.07 0.36 1.07 092...1.25

Cam Sarvival

Months

Figure 4.8 Cox regression plot for cumulative survival (overall) according to sex, age
group, T, N status, alcohol abuse and/or smoking, therapy, primary tumour

location, histological variant

When accounting for nine factors and analysing the hazard ratios between subgroups

(Table 4.4), it was found that T2 stage, N status, the presence of smoking or alcohol abuse, and

the treatment modality of RT+OP had a statistically significant impact on the risk of death.

Patients with T2 tumours had a 57 % and 77 % lower risk of early death compared to patients

with T3 and T4 tumours, respectively. Furthermore, NO status was associated with a 34 % lower

risk of early death compared to N+ status.
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Cox proportional hazard model, multivariate analysis

Table 4.4

Variables Exp(B) F:gi%gd
or Cl 95% .
P hazard Exp(B) comparing
Name Groups ratios* to Othe::
groups
Sex (female > male) 0.11 0.63 0.36t0 1.11
0.15
Age group <55 years old 0.10 0.70 0.46t0 1.06
55 — 64 years old 0.08 0.74 0.52t0 1.04
> 64 years old (1.00)
0.06
';:3:22:] or None _ 0.43 084  0.55t0 1.29
smoking 1 of aforementioned 0.051 1.42 1t02.01
Both (1.00)
3.51 x 10
1 0.13 0.60 0.31to1.17 1.06
T 2 6.72 x 103 0.57 0.37100.85
3 0.51 0.89 0.62101.26 1.57
4 (1.00) 1.77
N status (NO > N+) 1.58 x 102 0.66 0.47 t0 0.93
0.09
RT 0.42 0.67 0.26t0 1.75 2.02
OoP 0.20 0.42 0.11to 1.56 1.27
Therapy RT + OP _ 4.67 x 102 0.33 0.11t00.98
RT +ChT (Cetuximab) 0.70 080  0.26t0244 241
+/-OP
R CT (Platinum) += .44 051 00910282 154
Symptomatic (1.00) 3.00
0.55
. Palatine tonsil 0.19 1.48 0.82t02.64
:::ég,:?gz tumour Base of the tongue 0.37 1.32 0.72t02.4
Pharyngeal wall 0.20 1.52 0.791t0 2.92
Soft palate (1.00)
0.73
KSCC 0.78 0.93 0.54t0 1.59
NKSCC 0.90 0.96 0.52t01.78
Histological i
variant g ﬁi‘;‘gf]'t?aotr:j"(Epit) 0.35 184  051t0667 191
Squamous cell
carcinoma, BCN (1.00) 1.04

(unspecified)

*calculated using the last group as a reference

A calculated for significant groups (bold) against others, taking a significant group as a reference
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The study also found that the combination of OP and RT as a treatment modality had a
significantly lower risk of early death compared to other treatment modalities, including RT
alone or in combination with chemotherapy with cetuximab (Figure 4.9).

1,00 Therapy
-1 1ET
I 10P
—MERT+OT
0,80 ~IRTHChT(Cetmamab)+-OF
' RT+ChT (Platinum)+/-OF
=1 Symptomatic
E 0,60
=2
<2}
0 0,40
0,20 1
1
0,00

00 20,00 40,00 60,00 80,00 100,00 120,00 140,00
Months

Figure 4.9 Cox regression plot for cumulative survival. Covariates — sex, age group,
T stage, N status, alcohol abuse and/or smoking, therapy, primary tumour location,
histological variant. Plot for therapy

The risk of early death was 300 % lower for RT+OP compared to symptomatic
treatment, and 154% lower compared to RT+ChT (Cetuximab)+/—OP. Additionally, when
comparing the combination of RT+OP to RT or OP alone, the hazard of death was estimated to
be 2.02 and 1.27 times higher for RT and OP, respectively.

The Cox regression multivariate analysis further confirmed that alcohol abuse and/or
smoking significantly increased the risk of early death.
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4.2 The first publication of prospective part

4.2.1 Detection of HPV genomic sequences in HNSCC samples (FFPE tissue blocks)

DNA extraction from FFPE tissue blocks using blackPREP FFPE DNA Kit was
relatively easy and fast procedure. The lowest extracted DNA concentration was 16.54 ng/pul,
in most of the extracted DNA samples the concentration was above 60 ng/ul. All extracted
DNA samples were B-globin positive, which made them viable for further analysis.

Sample screening by MY09/11 consensus primers detected only 1/31 positive sample.
However, PCR using GP5+/6+ consensus primers was much more proficient, resulting in
100 % positivity (n = 31) for HPV DNA.

HPV genotyping using type-specific primers (HPV16 and 18) showed positivity for
HPV16 only — 15/31 (48.4 %). The HPV detection rate using Anyplex Il HPV28 assay was
14/31 (45.2 %). In one case, there was coinfection of two HPV types (type 16 and 56). The
remaining 13 cases had HPV16 monoinfection. The HPV detection rate using Sacace HPV
High-Risk Screen Real-TM Quant was 12/31 (38.7 %) in HEX channel only, which
corresponds to the HPV A9 group (16, 31, 33, 35, 52, 58).

4.2.2 Comparison of genotyping results obtained by different detection systems

The same DNA extracts from the 31 selected FFPE samples tested by consensus primers
and HPV16 specific primers, were further subjected to Anyplex Il HPV28 assay, and Sacace
HPV High-Risk Screen Real-TM Quant assay. Valid results with the use of both assays were
obtained for all 31 biopsy samples.

There were many discordant results between PCR with HPV16 specific primers and
real-time PCR assays (Anyplex and Sacace). The agreement of PCR with HPV16 specific
primers and Anyplex assay could not be assessed because of the high p-value of Cohen’s kappa
(Cohen’s x coefficient = 0.288, p = 0.156). Comparison of the results from PCR with HPV16
specific primers and Sacace assay showed a similar result (Cohen’s x coefficient = 0.285,
p =0.149), meaning the agreement between these two methods could not be assessed with
significance.

Among the 14 HPV-positive samples by Anyplex assay, 11 (78.6 %) were found
positive by the Sacace assay. The agreement between both methods was good (Cohen’s x

coefficient = 0.736, p < 0.001).
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4.2.3 Comparison of the results of HPV viral loads

There was a moderate positive correlation between viral load (assessed by Sacace assay)
and semiquantitative Seegene assay results estimated semiquantitatively (rs = 0.60, ClI 0.30-
0.79, p = 0.0004), Figure 4.10.
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Figure 4.10 Correlation of two real-time PCR assays

4.3  The second publication of prospective part

4.3.1 Presence of HPV genomic sequences in tumour samples (HPSCC and LSCC)

The PCR analysis using consensus primers MY09/11 and GP5+/6+ to detect HPV DNA
in tumour samples was conducted. Out of the 72 tumour samples tested, 11 samples (15.3 %)
were positive for HPV genomic sequences using MYQ9/11 primers, while 55 samples (76.4 %)
showed positivity using GP5+/6+ primers. Overall, when tested with consensus PCRs, 61
tumour tissue samples (84.7 %) were found positive for HPV DNA, with 31 samples identified
as HPSCC and 30 samples as LSCC.

4.3.2 HPV genotyping using HPV16 and HPV18 L1 primers

All 72 tumour tissue samples were subjected to HPV genotyping using HPV16 and
HPV18 L1 primers. Two tumour samples (both LSCC) that were positive when detected by
HPV16 L1 primers were negative in consensus PCRs. No specific HPVV18 genomic sequence
was found in any of the samples. In total, 26 samples (36.1 %) were positive for HPV16, with
10 samples identified as LSCC and 16 as HPSCC. A total of 63 HPV+ samples, which include
61 samples that gave valid results with consensus PCRs and 2 additional samples with HPV16
L1 PCR, were applicable for further analysis.
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4.3.3 HPYV genotyping using Anyplex II HPV28 real-time PCR

The 63 HPV-positive samples confirmed using consensus primers or HPV16-specific
primers were further analysed using the Anyplex Il HPV28 multiplex real-time PCR. All
samples were positive for B-globin (internal control). Out of the 63 samples, 28 samples were
HPV-negative when assessed by the Anyplex Il HPV28 multiplex real-time PCR. Among the
remaining HPV-positive samples, 32 samples showed HPV16 monoinfection, 2 samples
showed HPV16 and HPV 31 coinfection, and 1 sample showed HPV16 and HPV56 coinfection.
When the HPV+ samples were stratified by location, 19 LSCC and 13 HPSCC samples were
found to be HPV16+, 2 LSCC samples demonstrated HPV16 and HPV31 coinfection, and 1
HPSCC sample demonstrated HPV16 and HPV56 coinfection.

Interestingly, 7 tumour tissue samples (1 LSCC and 6 HPSCC) that were confirmed
as HPV16+ using HPV16 L1 primers' PCR were negative using Anyplex Il HPV28 real-time
PCR, contributing to a total of 42/72 (58.3 %) HPV16+ samples. The prevalence of HPV16
infection, including multiple infections in a sample, was 22 out of 41 (53.7 %) for LSCC and
20 out of 31 (64.5 %) for HPSCC. All HPV16+ HPSCC samples were stage 111 or IV tumours.
Figure 4.11A shows the distribution of HPV16+ samples stratified according to location and

disease stage.

15

25+ Figure 4.11 Distribution of HPV16+
C 21 tumour samples according to location,
20 disease stage, and PCR data

N (A) Distribution of HPV16+ tumour samples
- according to location and disease stage.

10 (B) Distribution of HPV16+ samples according
to location and Anyplex assay results;
- . 0 — negative, + — low viral load, ++ —moderate
viral load, +++ — high viral load.
(C) Distribution of HPV16+ samples according
to location, p16 IHC and genotyping results.
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Among the HPV16+ samples, 21 samples showed low viral load, 9 samples showed
moderate viral load, and 2 samples showed high viral load when detected using the Anyplex 11
assay. Three samples (1 HPSCC and 2 LSCC) showed multiple HR-HPV infections. The details

of viral loads are summarised in Figure 4.11B.

4.3.4 Expression of p16 detected by IHC

IHC analysis confirmed that 11.1% of the tumour tissue samples exhibited expression
of p16. Among the 41 samples of LSCC and 31 samples of HPSCC, six and two samples,
respectively, showed positive p16 expression. By comparing p16 and HPV status, the tumours
were categorised as follows: 7 out of 72 (9.7 %) were p16+/HPV+, 1 out of 72 was p16+/HPV—,
8 out of 72 (11.1 %) were p16—/HPV—, and 56 out of 72 (77.8 %) were p16—/HPV+. The
majority of p16+/HPV+ tumours were LSCC (5 cases), while two cases were HPSCC. There
was only one case of p16+/HPV— tumour, which was LSCC. Among the seven p16+/HPV+
tumours, six had HPV16 as the sole infection, while one case had co-infections of HPV16 and
HPV31. Among the 56 p16—/HPV+ tumours, 27 were LSCC and 29 were HPSCC. Out of these,
35 showed HPV16 monoinfection when examined using Anyplex Il real-time PCR and HPV16
L1 primers' PCR, whereas two cases had the mentioned HR-HPV co-infections (Figure 4.11C).

4.3.5 Expression of HPV16 E6 and E7 oncoproteins detected by IHC

IHC detection of HPV16 oncoproteins E6 and E7 was performed in 42 FFPE samples
(22 LSCC and 20 HPSCC). The detection was based on the primary recognition of HPV16 as
the main HPV type using molecular virology assays.

Expression of E6 oncoprotein in HPVV16+ LSCC specimens was detected in 21 out of
22 cases. The immunoreactive structures were observed within the tumour mass and the surface
epithelium of the region of interest, showing dysplastic features. In some cases, only the tumour
nest contained the E6 oncoprotein. Strong immunoexpression of HPV16 E6 oncoprotein in the
tumour mass (> 50 %) was observed in 3 out of 22 cases, and two of them also showed strong
positivity in the dysplastic epithelium. (Figure 4.12; Figure 4.20A, B).

Most LSCC samples (12 out of 22) showed low expression of E6 oncoprotein in the
tumour mass (Figure 4.20A). In the dysplastic epithelium, the distribution of E6 expression
levels varied. Three cases showed E6-negative dysplastic epithelial cells, in two of them there
was low immunopositivity in the tumour mass (Figure 4.20B).

In most specimens, positive staining in the invasive front was noticed, commonly

presented as the decoration of the suprabasal cells (Figure 4.13).
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Figure 4.12 IHC detection of HPV16 E6 oncoprotein, LSCC, tumour cords and nests
comprised of diffusely distributed E6 protein-positive cells interspersed by the E6
oncoprotein-negative cells

Figure 4.13 IHC detection of HPV16 E6 oncoprotein, LSCC, HPV16 E6 positivity in
suprabasal, more differentiated, tumour cells, E6-positive endothelial cells
(black arrows)
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HPV16 E6 viral protein expression was also frequently observed in the endothelial cells
of small blood vessels (Figure 4.13., 4.14).
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Figure 4.14 IHC detection of HPV16 E6 oncoprotein, LSCC, differentiated
suprabasal tumour cells demonstrating abundant HPV16 E6-positive cytoplasm and
polymorphous nuclei (orange arrows), E6-positive endotheliocytes (black arrows)
within a tumour stroma

HPV16 E7 protein immunoexpression was confirmed in 20 out of 21 LSCC specimens
(Figure 4.20C). The labelled cells displayed nuclear staining, with some showing nuclear and
cytoplasmic staining. The expression of HPV16 E7 oncoprotein was observed in
pseudostratified ciliated epithelium and stratified squamous epithelium, predominantly in basal
and suprabasal cells (Figure 4.15, 4.16).

Strong immunoexpression of HPV16 E7 oncoprotein in the tumour nests was found in
8 out of 21 LSCC samples (Figure 4.17; Figure 4.20C, D). The presence of HPV16 E7
oncoprotein was also detected in the intimal aspect of small blood vessels.

In HPSCC samples, 18 out of 20 were positive for HPV16 E6 oncoprotein (Figure
4.20E, F). Most of the samples showed detectable levels of HPV16 E6 oncoprotein within the
dysplastic epithelium, as indicated by cytoplasmic immunoreactivity. The expression of E6
oncoprotein within the tumour mass was generally low (Figure 4.18). Some endothelial cells in
HPSCC samples also showed HPV16 E6 positivity.
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A smaller number of HPSCC cases (13 out of 20) showed positivity for HPV16 E7
oncoprotein, primarily in the nucleus (Figure 4.20G, H). Positive reactions were observed in
the tumour mass and differentiated suprabasal cells, as well as in endothelial cells (Figure 4.19).

Among the 42 samples, 7 (1 LSCC and 6 HPSCC) did not confirm the
immunoexpression of HPV16 E6/E7 oncoproteins within the tumour mass. Only one HPSCC
and one LSCC sample were negative for both, HPVV16 E6 and E7, oncoproteins (tumour and
dysplastic epithelium). Two samples showed matched HPV16 E6/E7 positivity, exclusively in
the dysplastic epithelium. Overall, there were no significant differences in tumoral or dysplastic
epithelial HPV16 E6/E7 oncoprotein expression, except for a significant difference in E6

oncoprotein positivity in HPSCC samples (Figure 4.20E). In general, a comparable pattern of

HPV oncoprotein E6/E7 expression was observed within both the tumour mass and dysplastic
epithelium in both LSCC and HPSCC, as illustrated in Figures 4.20A, C, and G.
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Figure 4.15 IHC detection of HPV16 E7 oncoproteln LSCC, tumour cells within a
nest and some surface cells (orange arrows) demonstrating nuclear HPV16 E7
positivity
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Figure 4.16 IHC detection of HPV16 E7 oncoprotein; LSCC, numerous HPV16 E7-
positive cells displaying nuclear immunostaining pattern
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Figure 4.17 IHC detection of HPV16 E7 oncoprotein; LSCC, highly polymorphous
HPV16 E7-positive tumour cells demonstrating nearly total nuclear decoration
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Figure 4.18 IHC detection of HPV16 E6 oncoprotein; HPSCC, densely packed
tumour cords demonstrating HPV16 E6 oncoprotein positivity, almost exclusively in
more differentiated cells
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Figure 4.19 IHC detection of HPV16 E7 oncoprotein; HPSCC, numerous HPV16

E7-positive cells displaying nuclear immunostaining pattern,
endothelial (orange arrow) cells
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Figure 4.20 Assessment of viral oncoproteins E6 and E7 in HPV16+ laryngeal and
hypopharyngeal tumour tissue samples using IHC and statistics

(A, C) Characterization of HPV oncoprotein E6 (A) and E7 (C) immunoexpression within a tumour mass
and dysplastic epithelium of LSCC samples; (B, D) The IHC expression levels for HPV oncoprotein
E6 (B) and E7 (D) in a tumour mass assessed in relation to the levels in a dysplastic epithelium of
the corresponding LSCC sample; (E, G) Characterization of HPV oncoprotein E6 (E) and E7 (G)
immunoexpression within a tumour mass and dysplastic epithelium of HPSCC samples; (f, h) The IHC
expression levels for HPV oncoprotein E6 (F) and E7 (H) in a tumour mass assessed in relation to the
levels in a dysplastic epithelium of the corresponding HPSCC sample; Violin plots: asterisks represent
a significance level (ns — non-significant, * p < 0.05, ** p < 0.01) of differences between groups
(two-tailed Wilcoxon test); Stacked bar graphs - crosstab analysis, triangles (A ) represent a sample
lacking epithelial region suitable for assessment and, therefore, excluded from crosstab analysis.
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Semiquantitative real-time PCR and E6/E7 oncoprotein immunoexpression results were
subjected to nonparametric correlation analysis. A moderate positive correlation (rs = 0.445,
p = 0.056) was observed between semiquantitative real-time PCR and HPV16 E7 IHC data in
LSCC tissue samples, particularly in the dysplastic epithelium. Weak to moderate positive
correlations were found in HPSCC tissue samples, but they did not reach statistical significance.

Immunofluorescence analysis confirmed the presence of HPV16 E7 in the cytoplasm

and nuclei of the tumour cells (Figure 4.21).

-

Figure 4.21 Detection of HPV16 protein E7 by immunofluorescence,
confocal microscopy

DAPI—Dblue, HPV16 E7 immunopositive products—green: (A, B) HPV16 E7 positive tumour
cells, displaying chiefly cytoplasmic positivity; (C, D) HPV16 E7 positive tumour cells,
displaying cytoplasmic and nuclear positivity.
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4.4 The third publication of prospective part

4.4.1 HPV DNA and genotypes in different types of HNSCC

Samples from patients with HNSCC were analysed to determine the presence of HPV
DNA and its genotypes. Out of 106 HNSCC samples, HPV DNA was detected in 92 samples
(86.79 %). The presence of HPV DNA varied across different types of HNSCC: 29 out of 34
OPSCC samples (85.29 %), 32 out of 41 LSCC samples (78.05 %), and all 31 HPSCC samples
(100 %) were positive for HPV DNA. The most common HR-HPV genotype detected was
HPV16, which was found in 68 out of 106 HNSCC samples (65.09 %). HPV16 was prevalent
in 26 out of 34 OPSCC samples (76.47 %), 22 out of 41 LSCC samples (53.66 %), and 20 out
of 31 HPSCC samples (64.52 %). HPV coinfections with HPVV16 were observed in 7 out of 106
HNSCC samples, with HPV31 detected in 2 samples, HPV33 in 1 sample, HPV35 in 1 sample,
and HPV56 in 4 samples. Given its high prevalence, further analysis focused on HPV16.

4.4.2 HPV16 E6/E7 mRNA in HPV16-positive HNSCC samples

The study analysed the presence of HPV16 E6/E7 mRNA in HPV16-positive HNSCC
samples. Among the HPV16-positive samples, HPV16 E6/E7 mRNA was detected in 15 out of
26 OPSCC samples (57.7 %), 2 out of 22 LSCC samples (9 %), and none of the 20 HPSCC
samples. A correlation analysis revealed a moderate positive correlation between the
semiquantitative HPV16 viral load and the presence of HPV16 E6/E7 mRNA (rs =0.601,
p <0.0001). Additionally, a weak positive correlation was observed between pl6
overexpression and E6/E7 mMRNA expression (rs = 0.472, p < 0.0001). However, no correlation

was found between p53 downregulation (p53—) and E6/E7 mRNA expression.

4.4.3 Expression of p16 in HNSCC samples detected by IHC

Immunohistochemistry was performed to assess the overexpression of p16 in HNSCC
samples (Figure 4.22). Among the 106 HNSCC samples, p16 overexpression was observed in
24 samples (22.64 %). Specifically, it was found in 16 out of 34 OPSCC samples (47.06 %), 6
out of 41 LSCC samples (14.63 %), and 2 out of 31 HPSCC samples (6.45 %). When
considering HPV16 positivity, p16 overexpression was confirmed in 15 out of 26 HPV16-
positive OPSCC samples (57.69 %), 5 out of 22 HPV16-positive LSCC samples (22.73 %), and
2 out of 20 HPV16-positive HPSCC samples (10 %).
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Figure 4.22 IHC detection of p16 in OPSCC (palatine tonsil). Representative image
from a case demonstrating >75 % p16-positive tumour cells displaying mostly
nuclear and cytoplasmic expression

4.4.4 Expression of p53 in HNSCC samples detected by IHC

The study revealed that p53 overexpression (p53+; Figure 4.23) was confirmed in 49
out of 106 HNSCC samples, accounting for 46.23 % of the cases. More specifically, among the
different subtypes of HNSCC, p53 overexpression was observed in 17 out of 34 (50 %) of
OPSCC samples, 21 out of 41 (51.22 %) LSCC samples, and 11 out of 31 (35.48 %) HPSCC
samples.

Subsequently, an analysis of the HPV16-positive (HPV16+) samples showed p53
downregulation (p53—) in a significant proportion of cases. Among the OPSCC samples, 15 out
of 26 (57.69 %) exhibited p53 downregulation, while among the LSCC samples, 10 out of 22
(45.45 %) showed p53 downregulation. In the case of HPSCC samples, 14 out of 20 (70 %)
exhibited p53 downregulation.

Furthermore, in the subset of samples positive for E6/E7 mRNA, which indicates the
presence of active HPV infection, p53 downregulation was found in 11 out of 15 (73.33 %)
OPSCC samples and 1 out of 2 (50 %) LSCC samples.

47



Figure 4.23 IHC detection of p53 in LSCC. Representative image of p53
overexpression demonstrating uniform strong nuclear staining of tumour cells

4.4.5 Expression of HPV16 E6 and E7 oncoproteins in HNSCC samples detected by IHC
Overexpression of HPV16 E6 protein (Figure 4.24) was confirmed in 44 out of 106

(41.5 %) HNSCC samples. Specifically, it was observed in 21 out of 34 (61.8 %) OPSCC

samples, 14 out of 41 (34.1 %) LSCC samples, and 9 out of 31 (29.0 %) HPSCC samples.

Figure 4.24 IHC detection of HPV16 E6 in OPSCC (palatine tonsil). Representative
image demonstrating cytoplasmic expression of HPV16 E6 protein confirmed in
tumour cells organised in cords
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Similarly, overexpression of HPV16 E7 protein (Figure 4.25) was found in 39 out of
106 (36.8 %) HNSCC samples. More specifically, it was observed in 19 out of 34 (55.9 %)
OPSCC samples, 14 out of 41 (24.1 %) LSCC samples, and 6 out of 31 (19.4 %) HPSCC

samples.

. 86 g R R PY 1.5,
Figure 4.25 IHC detection of HPV16 E7 in OPSCC (palatine tonsil). Representative
image demonstrating nuclear expression of HPV16 E7 protein confirmed in the

tumour cells organised as nests and cords

4.4.6 Kaplan-Meier survival analysis

4.4.7 OS and DSS, depending on HPV DNA (HR-HPV and LR-HPYV)

The five-year OS and DSS were assessed in HPV-positive and HPV-negative patients
based on the primary tumour location. For patients with OPSCC, the OS rates were 26.82 %
for HPV-positive patients and 0 % for HPV-negative patients, although the difference did not
reach statistical significance (p = 0.077; Figure 4.26A). However, the DSS rates were 27.78 %
for HPV-positive patients and 0 % for HPV-negative patients, showing statistical significance
(p < 0.05; Figure 4.26B).

For patients with LSCC, the OS rates were 64.59 % for HPV-positive patients and
44.44 % for HPV-negative patients, demonstrating statistical significance (p <0.05; Figure
4.26C). The DSS rates were 68.90 % for HPV-positive patients and 50% for HPV-negative
patients, also showing statistical significance (p < 0.05; Figure 4.26D).

Due to all HPSCC samples being HPV DNA-positive, a Kaplan-Meier survival analysis
could not be performed for this group.

49



OPSCC OS: HPV DNA QOPSCC DSS: HPV DNA
100 _ 100,
T HPY DA+ = L HEY Db
O a
4 HPW DidA— e HPY DMA—
& @
2. &,
= 30 = 50
2= 2
£ - 4
= S
W 0
p=0.077 0,05
o | T T T 1 'D | T T T 1
0 20 40 60 B0 i 20 40 i B0
Months Months
LSCC OS: HPV DNA LSCC DSS: HPY DNA
100 100
= HPY DNA+ T HPFY DA+
ﬁ gy PN HPW DA § HPY DRA-
o N ) @
3 a La
= 50 = 50
= =
£ €
=1 3
W W
pe0.05 e 05
0 T T T | O T T T 1
0 20 40 60 BO i 20 40 G0 1]

Morths Maonths

Figure 4.26 (A, B) OS and DSS analyses (Kaplan—Meier), depending on the presence
of HPV DNA (HR- and LR-) in OPSCC. (C, D) OS and DSS analyses (Kaplan—
Meier), depending on the presence of HPV DNA (HR- and LR-) in LSCC

4.4.8 OS and DSS depending on HPV16 DNA, HPV16 E6/E7 mRNA, and IHC
expression of p16, pS3, E6, and E7 proteins

A Kaplan-Meier survival analysis was conducted, stratifying patients based on the primary
tumour location. The OS and DSS were calculated, and for most variables, the univariate survival
analysis using the Kaplan-Meier method did not reach statistical significance.

However, there were borderline statistically significant differences (p = 0.057; Figure 4.27A,
B) in OS and statistically significant differences in DSS between p16+ and p16— OPSCC patients.

The analysis of p53+ and p53— HPSCC patients showed statistically significant
differences in OS and DSS (Figure 4.27C, D) with significantly better survival for p53— group.

IHC overexpression of HPV16 E6 protein was associated with significantly better OS
and DSS in patients with OPSCC (Figure 4.27E, F).
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Figure 4.27 (A, B) OS and DSS analyses (Kaplan—Meier), depending on the result of
the IHC expression of p16 in OPSCC. (C, D) OS and DSS analyses (Kaplan—Meier),
depending on the results of the IHC expression of p53 in HPSCC. (E, F) OS and DSS
(Kaplan-Meier), de-pending on the results of the IHC expression of HPV16 E6
protein in OPSCC
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4.4.9 Multivariate Cox regression analysis

4.4.10 All HNSCC

A multivariate Cox regression analysis was performed for all patients with head and
neck tumours (Table 4.5). The analysis included T, N, M, G, age, sex, applied treatment, IHC
expression of p16, p53, E6 protein, and E7 protein, and the presence of HP\VV16 DNA and E6/E7
MRNA. The results showed that T1 tumours were associated with a lower risk of early death,
and there was a trend toward higher early death risk with a higher T stage. A higher N stage
was associated with a higher risk of early death, with N1 having a 4.98-fold greater risk
compared to NO. Lower tumour differentiation grade (G) was associated with a higher risk of
early death. Combined treatment (RT+ChT+/—OP) showed a lower risk of early death. IHC

overexpression of HPV16 E6 protein was associated with a lower hazard ratio.

Table 4.5
Cox regression survival analysis for all HNSCC
Variables Survival
N=106% ] p" |Hazard Ratios
Name Groups * (Exp(B)) 95 % CI
Sex Female * 11 D
Male 92 1.024  0.0627 2.785 0.9886 to 8.688
Age 0.01344 0.4200 1.014 0.9810to 1.048
016 Negative * 81 (D)
Positive 22 0.5351 0.2412 1.708 0.6693 to 4.081
053 Negative * 55 (D)
Positive 48 0.4982  0.1658 1.646 0.8141 to 3.358
HC E6 <10% * 60 (1)
- >10 % 43 -1.052  0.0147 0.3492 0.1464 to 0.8037
HC E7 <10% * 65 1)
- >10 % 38 0.4807  0.2956 1.617 0.6590 to 4.024
None * 15 (D)
Smoking 57 0.5992 0.2624 1.821 0.6636 to 5.526
Hazards -
;Tsh‘grgbauns‘i 31 -01794 07552  0.8358 0.2768 0 2.700
Oropharynx * 32 (1)
Location Larynx 40 —0.7745 0.3747 0.4609 0.08271 to 2.545
Hypopharynx 31 —0.5893 0.3045 0.5547 0.1772 to 1.693
1* 10 (1)
T 2 18 —0.2886 0.6946 0.7493 0.1843 t0 3.473
3 44 0.5419 0.4727 1.719 0.4207 t0 8.411
4 31 0.9882 0.1683 2.686 0.7107 to 12.33
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Table 4.5 continued

Variables Survival
N=106° B P~ |Hazard Ratios
Name Groups * (Exp(B)) 95 % CI
0* 41 Q)
N 1 33 1.607  0.0011 4.988 1.944 to 13.55
2 22 1.372  0.0182 3.943 1.277 to 12.62
3 7 2.208  0.0036 9.098 2.042 t0 40.88
M 0* 98 Q)
1 5 1.104  0.1662 3.015 0.5851 to 13.67
1* 15 (1)
G 2 76 —0.9494 0.0413 0.387 0.1556 to 0.9791
3 12 -1.658 0.0058 0.1906 0.05657 to 0.606
HPV16 Negative * 37 (1)
DNA Positive 66 0.4515 0.2491 1.571 0.7248 t0 3.395
HPV16 Negative * 87 (1)
E6/E7 ..
mMRNA Positive 16 —0.9763 0.1399 0.3767 0.09878 to 1.335
RT * 37 (1)
OP 9 —1.042  0.3186 0.3528 0.03495 to 2.325
T RT+OP 35 —0.6763 0.2432 0.5085 0.1548 to 1.506
reatment RT+ChT
(Cetuximab) +/~OP 9 -2.089 0.0163 0.1239 0.01986 to 0.6441
Symptomatic 13 0.8416  0.0635 2.32 0.9130 to 5.507

* group of reference. ® Three were excluded due to missing values. * statistically significant values (p < 0.05) are
highlighted in bold.
4.4.11 OPSCC

The group consisted of 34 patients, of which 26 experienced events (death). Two
patients were excluded from the analysis due to missing values. The Cox regression results for
OPSCC are summarised in Table 4.6.

The Cox regression analysis revealed that several factors significantly affected the
survival of OPSCC patients. These factors included the IHC expression of p16, p53, and HPV16
proteins E6 and E7, the T (tumour size), the applied treatment, and smoking.

The overexpression of pl16, p53, and HPV16 E6 protein were associated with much
lower hazard ratios, indicating a significantly improved survival outcome. On the other hand,
the overexpression of HPV16 E7 protein was associated with a higher risk of early death.

A graphical analysis further supported these findings. Patients with tumours over-
expressing p16 (pl6+) had better survival outcomes compared to patients with p16-negative
(p16—) tumours (Figure 4.28A). However, the overexpression of HPV16 E7 protein was

associated with decreased survival. Interestingly, when combining the two markers (p16 and

53



HPV16 E7 protein), the overexpression of E7 protein (E7+) led to decreased survival, even in
patients with p16+ tumours (Figure 4.28A).

Another interesting finding was related to the IHC expression of p53 and HPV16 E6
protein. Patients with p53+/E6+ tumours had the best survival outcomes, while those with
p53—/E6— tumours had the worst survival (Figure 4.28B). There was no difference in survival

between patients with p53—/E6+ and p53+/E6— tumours.

Estimated Survival Estimated Survival
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IS ® pl6-/E7- 3 ® pS3+/E6-
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Figure 4.28 (A) Estimated survival, depending on the IHC expression of p16 and E7
protein. (B) Estimated survival, depending on the IHC expression of p53 and E6
protein

Additionally, the analysis showed that a larger tumour size had a negative impact on
survival. Patients with larger tumours had a higher risk of early death. Regarding the lymph
node involvement (N), the analysis suggested a lower risk of early death for tumours with lower
N stage, although the difference was not statistically significant.

Furthermore, the type of treatment received by the patients was found to significantly
influence survival outcomes. Patients who underwent radiotherapy had a significantly lower

risk of early death compared to patients who received other treatment modalities.
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Table 4.6

Cox regression survival analysis for OPSCC

Variables Survival
N=34° B p"  Hazard Ratios
Name Groups * 95 % CI
P (Exp(B)) °
Sex Female * 7 (1)
Male 25 -3.121  0.0810 0.04411 0.001033t0 1.742
Age 32  -0.02128 0.8114 0.9789 0.8275t0 1.177
Negative * 18 (1)
pl6 - B 0.0005461 to
Positive 14 3.548  0.0532 0.02879 0.9340
Negative * 16 (1)
p53 . - 1.930 x 10°to
Positive 16 6.206  0.0028 0.002018 0.08535
<10% * 12 (1)
IHC _E6 0 B 1.830 x 10°°to
>10 % 20 6.171  0.0265 0.002089 0.1431
HC E7 <10 % * 14 (1)
- >10 % 18 6.154  0.0355 470.6 8.716 to 604,132
None * 8 (1)
. 3.203 to
Hazards Smoking 8 8.18 0.0323 3568 10,181,954
Smoking and 16 5.424  0.0801 2269  0.4392 to 139,247
alcohol abuse
0.0001011 to
1 6 —4.794  0.0137 0.008275 0.2757
1.456 x 10°°to
T 2 6 —7.933  0.0010 0.0003588 0.02453
5.478 x 10°%to
3 4 -5.286  0.0480 0.00506 0.2114
4* 16
0 1 —29.16 >0.9999 2.166x 107" -
N 1 13 0.5427  0.7926 1.721 0.02756 to 200.9
2 12 —3.366  0.1093 0.03453  0.0001571to 1.714
3* 6 (1)
M 0 32 - - - -
1* 5 (1)
G 2 21 1.356  0.4788 3.882 0.08016 to 198.0
3 6 —0.8802 0.6145 0.4147 0.007811t0 11.00
Negative * 8 (€8]
HPV16 DNA Positive 24 1.07 0.4826 2.914 0.1090 to 47.14
HPV16 E6/E7  Negative * 18 (1)
mRNA Positive 14 -153  0.3384 0.2166 0.003954 to 4.418
RT * 15 (@)
OP 0 - - - -
RT+OP 2 8.757  0.0100 6352 7.160 to 9,678,504
Treatment RT+ChT
(Cetuximab) 9 1.005  0.6443 2.731 0.06476 to 538.3
+/—OP
Symptomatic 6 9.218  0.0003 10072 154.8 to 6,028,349

* group of reference. ®* Two were excluded due to missing values. ~ Statistically significant values (p < 0.05) are
highlighted in bold.
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4.4.12 LSCC

The Cox regression analysis for LSCC did not show any variables significantly affecting
survival (Table 4.7).

Table 4.7
Cox regression survival analysis for LSCC
Variables Survival
. N=41°% B p  Hazard Ratios .
Name Groups (Exp(B)) 95 % CI
Sex Female * 2 D
Male 38 1.705  0.3963 5.503 0.09481 to 377.9
Age 40 0.0283  0.7890 1.029 0.8258t0 1.273
016 Negative * 34 (@)
Positive 6 1.467  0.2088 4.336 0.4193 to 59.81
053 Negative * 19 (@)
Positive 21 2.395  0.2148 10.97 0.2552 to 852.0
IHC E6 <10%* 26 (1)
- >10 % 14 3.339 0.1686 28.2 0.5441 to 7569
HC E7 <10 % * 26 (@)
- >10 % 14 1518  0.3083 4.561 0.1710 to 86.44
None * 4 (@)
. -5.135 0.0780  0.005887 9.676 x 10°to
Hazards Smoking 29 0.9809
Smoking and 7 -6.277 0.0620  0.001879 1.366 x 107° to
alcohol abuse 0.8238
1 4 -8.155 0.0872 0.0002874 6.497 x 10~°to 1.257
T 2 5 -35.47 >0.9999 3.952 x 10716 -
3 24 -3.532 0.2137 0.02925  0.0001130 to 9.026
4* 3 (@)
0* 34 (1)
N 1 4 3.649  0.2089 38.43 0.1891 to 35704
2 2 3.630  0.1058 37.73 0.4809 to 5214
3 0 — — — —
0 39 - - - -
M 1 1 — — — —
1* 4 @)
-6.052 0.0701  0.002354 9.408 x 107" to
G 2 34 0.7631
3 2 -33.81 >0.9999 2.08 x 107 -
Negative * 18 (@)
HPV16 DNA Positive 22 -4551 0.1606 0.01055 1.135 x 107°to 4.306
HPV16 E6/E7__ Negative * 38 (1)
mMRNA Positive 2 -29.46 >0.9999 1612 x 107" —
RT * 1 Q)
OP 9 -0.3476  0.9027 0.7064 0.001802 to 275.3
RT+OP 29 1.71 0.3728 5.53 0.1326 to 681.2
Treatment RT+ChT
(Cetuximab) 0 - - - -
+/—OP
Symptomatic 1 4611  0.1628 100.6 0.1665 to 90589

* group of reference. ® One was excluded due to missing values.
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4.4.13 HPSCC

The group consisted of 31 patients, of which 29 experienced events (death). The Cox
regression analysis for HPSCC is summarised in Table 4.8.

The Cox regression model indicated that several factors statistically significantly
affected the survival of HPSCC patients. These factors included the expression of p16 and
HPV16 EG6 protein, the presence of HPV16 DNA, the hazards, and the T, N, and M statuses.

The IHC overexpression of pl6 and HPV16 E6 protein was associated with an
extremely low risk of early death (Figure 4.29A, C). However, when examining the combined
status of p16 and HPV16 E7 protein, it was found that E7 protein expression did not have a
significant impact on survival (Figure 4.29B, overlaying of the curves). Nevertheless, when
considering the combined status of p53 and HPV16 E6 protein, it was observed that patients
with E6+ tumours had better survival, and the overexpression of p53 seemed to further enhance
survival in these patients (Figure 4.29D). The group of patients with p53—/E6— tumours had the

worst survival outcomes.
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Figure 4.29 (A) Estimated survival (Cox regression), depending on the IHC
expression of pl16. (B) Estimated survival (Cox regression) depending on the IHC
expression of p16 and HPV16 E7 protein. (C) Estimated survival (Cox regression),
depending on the IHC expression of HPV16 E6 protein. (D) Estimated survival (Cox
regression), depending on the IHC expression of p53 and HPV16 EG6 protein. (E)
Estimated survival (Cox regression), depending on the presence of HPV16 DNA

Furthermore, the presence of HPVV16 DNA was associated with a significantly higher
early death risk (Figure 4.29E). Additionally, the Cox regression analysis revealed that larger
primary tumours were associated with a higher risk of early death. Specifically, patients with
T3 tumours had an 87 % lower risk of early death compared to patients with T4 tumours.

58



Additionally, a lower N stage (regional lymph node involvement) was associated with lower
hazard ratios, indicating a reduced risk of early death. Lastly, the presence of distal metastases
was found to be strongly associated with a 22-fold increase in the risk of death.

Moreover, it was noted that smoking patients had a 57-fold increase in the risk of early

death compared to non-smokers/non-drinkers.

Table 4.8
Cox regression survival analysis for HPSCC
Variables Survival
A Hazard
Name Groups * N=31 b p Ratios 95 % CI
(Exp(B))
Sex Female * 2 (@)
Male 29 1.92 0.2873 6.823 0.2575t0 478.6
Age 31 0.0571 0.2702 1.059 0.9605 to 1.194
Negative * 29 (@)
pl6 .. 5.631 x 10%to
Positive 2 —6.638 0.0049 0.001309 0.08768
053 Negative * 20 (1)
Positive 11 —1.099 0.2540 0.333 0.04332 to 2.109
IHC E6 <10 % * 22 (1)
- >10 % 9 -3.211 0.0108 0.04033 0.002158 to 0.3739
IHC E7 <10 % * 25 (1)
- >10 % 6 —0.04985 0.9711 0.9514 0.04166 to 10.39
None * 3 @)
Smoking 20 4.049 0.0214 57.36 2.263 to 3407
Hazards Smoking and alcohol
abuse 8 —0.8085 0.6127 0.4455 0.01394 t0 9.424
1 0 - - - -
T 2 4 2.196  0.0950 8.986 0.7027 to 155.3
3 16 —2.026 0.0240 0.1319 0.02240 to 0.7996
4* 11 (1)
0~ 6 (1)
N 1 16 —2.825 0.0421 0.05932 0.003106 to 0.8054
2 8 -2.719  0.0235 0.06597 0.005426 to 0.6552
3 1 4872 0.0108 130.6 2.628 to 7490
M 0* 27 (1)
1 4 3.091 0.0274 21.99 1.535 to 460.4
1* 6 €8]
G 2 21  —2.035 0.0912 0.1307 0.01189 to 1.553
3 4 —2.087 0.1338 0.124 0.006553 t0 1.883
Negative * 11 (@)
HPV16 DNA Positive 20 2.205 0.0194 9.071 1.578 to 70.34
HPV16 E6/E7 Negative * 31 - - - -
mRNA Positive 0 - - - -
RT * 21 (1)
- OP- 0 - - - - -
Treatment RT+OP _ 4 1563 0.1378 4,771 0.5985 to 42.89
RT+ChT (Cetuximab) 0 i i i i
+/—OP
Symptomatic 6 0.17 0.8610 1.185 0.1367 to 7.244

* group of reference. " Statistically significant values (p < 0.05) are highlighted in bold
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5 Discussion

5.1 Lower T stage, lack of locoregional metastases, absence of bad habits, and
surgical treatment result in improved survival rates and lower hazard ratios in
OPSCC; HPYV status should be assessed to conduct a more comprehensive
prognosis assessment (retrospective study).

Survival analysis was conducted on patients with OPSCC treated at a single hospital in
Latvia over a 10-year period. The study aimed to identify prognostic factors by examining
disease stage, tumour size, presence of locoregional metastases, age, sex, habits (smoking,
alcohol abuse), histopathological tumour variant, primary tumour location, and received
therapy. The analysis revealed that most patients were smokers (76 %) and a significant portion
had drinking problems (35 %). Smoking and alcohol abuse were independently associated with
decreased OS and DSS, with smoking having a more pronounced effect on DSS. Combining
these risk factors further decreased survival. Similar findings have been reported in previous
studies (Winkelstein, 1990; Benhamou et al., 1992; Kuper et al., 2002; Farsi et al., 2017).
A multivariate analysis using the Cox hazard model demonstrated a higher risk of early death
when at least one of these risk factors was present.

The findings of the study indicated that most patients were diagnosed with advanced
stages of the disease (stages Il and 1V), leading to a less favourable prognosis. Kaplan-Meier
estimates of OS and DSS based on disease stage demonstrated poorer survival rates for patients
with late-stage disease. Out of the 247 subjects included in the study, only 3 and 19 patients
were diagnosed with stage | and stage Il diseases, respectively. These results underscore the
significance of early cancer detection and prompt referral to specialists, a notion that has been
emphasised in previous research (Pitchers & Martin, 2006). The study's survival estimations
align with the importance of early diagnosis and support the need for timely intervention.

OPSCC is known for its aggressiveness, often diagnosed at advanced stages and
showing a high rate of lymphatic metastasis (Yuan et al., 2018). In this study, most patients had
clinically positive neck disease. While patients with positive lymph nodes had a higher risk of
early death (multivariate Cox regression analysis), there were no significant differences in OS
and DSS.

The study revealed a correlation between lower T categories and improved disease
outcomes. This finding was supported by Kaplan-Meier estimates of OS and DSS, which
indicated a significant decrease in survival as the T stage increased, with the longest survival
observed in cases with lower T. However, it is important to note that the survival estimates
obtained in this study were lower compared to those reported in the western hemisphere (Gatta
et al., 2015; Gillison et al., 2019).
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Tumours of the pharyngeal wall and palatine tonsils were associated with the worst OS
and DSS outcomes, consistent with previous literature (Cohan et al., 2009). Most patients in
this study had squamous cell carcinoma of the palatine tonsils and the base of the tongue.

Surgical treatment showed better OS and DSS estimates compared to other modalities,
with the best outcomes observed in the RT+OP group. While there were no significant
differences in survival based on the specific type of surgery performed, significant differences
were observed when any surgical intervention was compared to no surgery at all. Nevertheless,
it is important to acknowledge that the study groups used in our research were characterised by
unequal and relatively small numbers of patients. Reviewing the existing literature, it has
become evident that surgical treatment has emerged as the essential and preferred treatment
approach for most patients (Ling et al., 2013).

Moreover, several other studies have indicated a survival advantage in patients who
underwent surgical treatment, even when considering their HPV status (Rades et al., 2011;
Karatzanis et al., 2012; Kamran et al., 2018). However, the interpretation of results concerning
the impact of HPV status on survival has been a subject of controversy (Miinscher et al., 2017).
Miinscher et al. conducted a study that suggested the HPV status may not have a significant
influence on survival (Miinscher et al., 2017). Further research is needed to evaluate the
outcome of OPSCC in patients undergoing unilateral or bilateral neck dissection. Nevertheless,
certain studies have reported no significant disparity in long-term survival between unilateral
and bilateral neck dissection in patients with a clinically negative neck on the contralateral side
(Cho et al., 2011; Lanzer et al., 2012; Donaduzzi et al., 2014; Al-Mamgani et al., 2017).

Comparing different treatment regimens, a study by Gillison et al. demonstrated the
superiority of cisplatin plus radiotherapy over cetuximab plus radiotherapy in HPV-positive
OSCC (Gillison et al., 2019). However, cetuximab was the only chemotherapeutic agent used
for treating SCC of the head and neck in Latvia at the time of the study. Reconsidering the
chemoradiotherapy regimen is warranted. Additionally, in this study, a survival analysis of
patients with OPSCC revealed that younger patients had a reduced risk of early death compared
to their older counterparts. It has been noted that radiotherapy can have a prolonged suppressive
effect on the immune system, thereby potentially rendering certain OPSCC patients more
vulnerable to tumour recurrence and poorer survival outcomes (Dovsak et al., 2018).

Prognostic factors play a crucial role in selecting the appropriate treatment for patients
with OPSCC. The tumour size, therapeutic modality “RT+OP”, hazardous habits (smoking,
alcohol abuse), and the presence of locoregional lymph node metastases were identified as
strong predictors of patient outcomes. Neck dissection appears to be necessary, and other

studies have reported the effectiveness of ipsilateral elective neck dissection in clinically
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negative necks (Kau et al., 2000; Fasunla et al., 2011; Psychogios et al., 2013). Regrettably, the
present study was limited by the lack of data regarding the HPV status of the patients. This
omission prevented the evaluation of the prognostic significance of HPV, as recommended by
other researchers. HPV status has been recognised as an important factor in determining the
prognosis of OPSCC, and its inclusion in the analysis could have provided valuable insights
into the outcomes of the patients in this study (Ernster et al., 2007; Andrews et al., 2009;
Gillison et al., 2019).

While this study did not find significant differences in survival based on tumour
differentiation, previous studies have indicated that endophytic growth, perineural invasion,
and extracapsular extension of tumours are associated with contralateral neck metastasis and
lower 5-year OS (Capote-Moreno et al., 2010; Cho et al., 2011).

The incidence of OPSCC has increased in recent decades, possibly due to the
contributory role of HPV. HPV-positive OPSCC has a better prognosis than HPV-negative
OPSCC, highlighting the importance of determining HPV status for prognostic purposes and
treatment planning (O’Rorke et al., 2012; Chakravarthy et al., 2016; Sinha et al., 2018).
Smoking and alcohol abuse are additional risk factors that should be considered in assessing
disease outcomes.

The study has limitations, including its retrospective nature and relatively small
population. Assessing the importance of treatment modalities is challenging due to potential
selection biases, such as patients with advanced cancer and poor general health receiving RT
alone. Moreover, the study suggests the need for diverse chemotherapeutic interventions
beyond cetuximab alone. Previous studies have advocated for supraomohyoid neck dissection
as the primary treatment for clinically NO tumours, which aligns with the findings of this study
(Stslii et al., 2013). However, the study did not evaluate the difference between neck dissection

levels and types (uni- vs bilateral).

5.2  DNA extraction from FFPE tissue blocks is reliable. Using multiple PCR assays is
preferred (first publication of prospective part)

DNA extraction from FFPE tissue blocks and its use for testing has become more
common in recent years. And the utilization of the same DNA extracts for all methods used
ensures the high accuracy and applicability of the results when assessing the agreement between
various HPV detection methods.

The Anyplex 1l HPV28 assay is an appropriate and dependable HPV detection method
with good sensitivity and specificity (Cornall et al., 2017; del Pino et al., 2017; Veyer et al.,
2018; Baasland et al., 2019). However, there has been data acknowledging the need for

additional conformational HPV16 genotype-specific molecular assay, especially for HPV-
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negative samples (Veyer et al., 2018). This study could not surely conclude
agreement/disagreement between the Anyplex Il assay and HPV16-specific primer’s PCR
results. There were multiple HPV16 positive samples by HPV16 specific primers’ PCR,
diagnosed as negative in the Anyplex Il HPV28 assay and vice versa. It suggests the need for
multiple detection methods for FFPE DNA extracts.

The genetic material extracted from FFPE is highly variable in terms of DNA quality
and quantity (Lillsunde Larsson et al., 2015). There are various factors affecting the results of
assessment — reagents used in a fixation procedure, the amount of tissue submitted to fixation
and further tissue processing, etc. (Srinivasan et al., 2002; Ludyga et al., 2012). Biopsy material
taken from hypopharyngeal cancers in many cases is in small amounts because biopsies are
performed using local anaesthetic with indirect visualization. Nevertheless, our results show
that even small amounts of DNA concentration can be successfully used for HPV DNA
detection.

The 100% positivity by GP5+/6+ consensus primers (150bp) in contrast to 1/31
positivity by MYQ09/11 consensus primers (450bp) shows that primers which produce shorter
amplicons are more beneficial, especially in fragmented DNA extracted from FFPE samples.

Our observations demonstrate that Anyplex Il HPV28 and Sacace HPV High-Risk
Screen Real-TM Quant assays could be used in a clinical laboratory to detect and genotype
HPV in FFPE samples. The combination of these two assays has a beneficial effect when

detecting different HPV types and assessing the viral load.

5.3 HPYV may play a significant role in non-OPSCCs (second publication of
prospective part)

Based on available data, it has been found that approximately 20 % of LSCC and 5 %
of HPSCC cases in the USA are caused by HPV infection (Saraiya et al., 2015). The incidence
of HPV-positive head and neck cancer in Europe is generally lower (Ndiaye et al., 2014),
although it is higher in developed countries like the United Kingdom, Denmark, and Germany
compared to less developed Eastern European countries (Chaturvedi et al., 2013; Reuschenbach
et al., 2019; Wittekindt et al., 2019). These differences can be attributed to variations in
lifestyles, preferences, sexual habits, and, most importantly, to the lack of appropriate HPV
testing. Notably, smoking, a known significant factor in the development of head and neck
cancer, is prevalent in Latvian society (Lifsics et al., 2020). Nevertheless, this study suggests
that HPV plays a role in the carcinogenesis of non-oropharyngeal cancer, with HPVV16 being
the predominant type observed in LSCC and HPSCC, which aligns with findings from other
studies (Kreimer et al., 2005; Ndiaye et al., 2014; Janecka-Widta et al., 2020).
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This study emphasizes the high incidence of HPV-positive tumours and the involvement
of high-risk HPV in the pathogenesis of HPSCC and LSCC in Latvia when compared to Europe
and North America. The study demonstrates a higher prevalence of HPV16-positive tumours,
specifically 53.7 % in LSCC and 64.5 % in HPSCC. However, further extensive investigation
is required to determine whether HPV infection in tumour tissue is transcriptionally active (Jung
et al., 2010). In this regard, the detection of HPV E6/E7 mRNA in LSCC and HPSCC tissue
samples could provide additional clarity on this matter (Wittekindt et al., 2018). Another
challenge is distinguishing primary tumours from those that have spread from different sites,
such as the oropharynx, which is typically associated with HPV infection (Ndiaye et al., 2014).
The late-stage disease often makes it difficult to identify the primary tumour site accurately.
Therefore, optimizing diagnostic accuracy, especially in the advanced stages of malignancy, is
of paramount importance. Nonetheless, there is evidence suggesting that late-stage
hypopharyngeal cancer may exhibit a higher prevalence of high-risk HPV infection (Ernoux-
Neufcoeur et al., 2011). In this study, most patients presented with stage 111 and IV tumours,
and all HPV-positive HPSCCs were diagnosed as stage 111 or IV tumours.

To the best of our knowledge, only a few previous studies have investigated the presence
of HPV oncoproteins E6 and E7 in tumour and dysplastic epithelial cells using IHC (Phaéton
et al., 2015; Rodrigues et al., 2016; Brand et al., 2018). Some studies have reported HPV DNA
and RNA in situ hybridization results using FFPE samples and conventional light microscopy
(Kiyuna et al., 2019; Augustin et al., 2020; Chi et al., 2020). In this study, FFPE samples from
HPV16-positive tumours (n = 42) identified by molecular biology methods were utilised. Most
HPV16-positive samples exhibited positivity for either the E6 or E7 oncoproteins. However,
the absence of E6/E7 immunostaining in some samples suggests the involvement of other non-
HPV-related mechanisms in tumour development.

The objective of this study was to report on the characteristics of tumorigenesis in the
larynx and hypopharynx, highlighting the status of HR-HPV DNA, pl6, and EG6/E7
oncoproteins assessed using molecular virology and IHC methods. Although many correlations
did not reach statistical significance, weak to moderate positive correlations between molecular
virology and IHC results may indicate active HPV infection in these samples. However,
definitive conclusions about the activity of HPV infection (such as the detection of viral mMRNA)
require further investigation. PCR confirmed the presence of HPV DNA in the LSCC and
HPSCC samples, but the applied molecular virology methods could not distinguish between
active and latent infections. Nonetheless, the presence of HR-HPV EG6/E7 proteins, known as
significant contributors to tumour development, suggests the active involvement of HR-HPV

in tumorigenesis.
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Interestingly, in some HPV16-positive specimens, tumour cells stained negative for
HPV16 E6/E7 oncoproteins, whereas dysplastic epithelium showed positivity. Additionally,
some endothelial cells were positive for HPVV16 E6/E7 proteins. These results highlight the
limitations of PCR assays, which do not specify the source of genetic material. In general, the
presence of high-risk HPV E6 and E7 oncoproteins suggests the possibility of cancerous
transformation in these cells. While viral integration and dysregulation of E6 and E7 gene
expression are common mechanisms in HPV-related cancers, including cervical cancer (Jeon
& Lambert, 1995; Miinger et al., 2004), viral integration occurs less frequently in HPV-
associated head and neck SCCs. In these tumours, dysregulation of E6/E7 genes can occur in
the episomal state, such as through disruption of HPV E2 binding sites by methylation
(Reuschenbach et al., 2015; Vojtechova et al., 2016; McBride & Warburton, 2017). The
absence of HPV16 E6/E7 oncoproteins in tumour cells, coupled with their presence in
dysplastic epithelial and endothelial cells observed in this study, may indicate the absence of
HPV integration. In advanced tumour stages, viral DNA may be cleared from the tumour itself,
and other mechanisms of tumorigenesis may come into play.

This study identified a significant number of p16-negative/HPV-positive specimens in
LSCC and HPSCC patients. These findings align with observations from other studies,
suggesting that p16 may serve as a surrogate marker of HPV infection in OPSCC but may not
be practical in laryngeal and hypopharyngeal cancers (Chung et al., 2014; Rosenthal et al.,
2016; Lewis et al., 2017). However, some authors propose that HR-HPV infection may
contribute to laryngeal carcinogenesis through viral DNA integration into the host cell genome,
leading to increased p16 expression (Torrente et al., 2011).

The strengths of this study lie in the use of a comprehensive range of HPV-specific tests,
including HPV DNA PCR, detection of high-risk and low-risk HPV types, along with IHC
staining of the HPV surrogate marker p16 and viral oncoproteins E6/E7, confirmed by both
conventional and fluorescence-based immunodetection methods. However, several limitations
should be considered when interpreting the data. The study involved a moderate number of
samples, and the absence of HPV mRNA data is a limitation that could provide further insight
into the activity of HPV infection in the analysed tumours. Additionally, some gender and
tumour stage imbalances were observed, although they did not impact the overall results and
can be explained by legal norms and inclusion criteria applied in the study.
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5.4  HPV infection significantly impacts survival in both OPSCC and non-OPSCC
patients. IHC detection of HR-HPV E6 protein serves as a convenient prognostic
factor in HNSCC (third publication of prospective part)

The primary objective of the present study was to examine the impact of HPV infection
and related markers, including p16, p53, HPV16 E6/E7 oncoproteins, the presence of HPV
DNA, and E6/E7 mRNA, on patient survival. The initial analysis using the Kaplan-Meier
survival method revealed that not only HR-HPV, but also LR-HPV infection may play a role
in the survival of patients with OPSCC and LSCC. Approximately one-third of the patients had
a likelihood of LR-HPV infection. The study findings indicate that patients with HPV DNA-
positive OPSCC and LSCC exhibit improved 5-year OS and DSS. These results align with
studies demonstrating better survival rates for patients with HNSCC and tonsillar cancer when
their tumours tested positive for HPV DNA (Fakhry et al., 2008; Attner et al., 2012). One
possible explanation for this observation is that HPV-positive tumours demonstrate enhanced
sensitivity to radiation therapy, allowing for less aggressive treatment and better outcomes for
patients (Attner et al.,, 2012). Additionally, HPV-infected cells might be more readily
recognised by the immune system, facilitating their identification and destruction. Further
investigation into the activity of HPV in HNSCC patients and its interaction with the immune
system is warranted.

Numerous studies have established that patients with HPV-positive OPSCC exhibit
higher 3- and 5-year survival rates compared to HPV-negative patients (You et al., 2019).
However, this consensus primarily applies to HR-HPV types, particularly HPV16 and 18.
Regarding LSCC, several studies have reported no significant improvement in survival for
HPV-positive tumours (Ahmadi et al., 2018; Hughes et al., 2019; Lu et al., 2020). Nevertheless,
recent investigations, including our own, have yielded similar results, indicating better survival
outcomes for patients with HPV-positive LSCC (Kiyuna et al., 2019; H. Wang et al., 2019).

Conversely, this study focused on stratifying patients with HNSCC based on tumour
location and identifying specific HPV types. We discovered that the presence of HPVV16 DNA
in HPSCC cases markedly decreased patient survival rates, suggesting a significant role of
HPV16 in HPSCC development. However, the immunological aspects should be taken into
consideration. The presence of viral antigens could potentially stimulate anti-tumour immune
responses, leading to improved patient survival (Masterson et al., 2016; Saber et al., 2016; Cillo
et al., 2020).

Head and neck cancers encompass various subsites, each with unique characteristics and
prognoses. Sometimes studies analysing the effects of HPV on the survival of head and neck
cancers can be confusing in that they unify the survival analysis without stratifying the primary
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tumours by location, especially hypopharyngeal and laryngeal cancers, which are sometimes
combined in non-oropharyngeal cancers (Deng et al., 2012; Dahm et al., 2018). In our view,
this could lead to incorrect conclusions. The oropharynx, larynx, and hypopharynx are distinct
locations with different prognoses based on lymphatic drainage patterns alone. In our study,
when performing a Cox regression analysis encompassing all HNSCC cases, variables such as
pl6, p53, and others were not significant factors influencing patient survival. This highlights
the importance of stratifying patients based on the primary tumour location to gain a more
comprehensive understanding of potential risk factors.

This study reaffirmed the predictive role of pl6 overexpression in OPSCC through
univariate survival analysis, confirming that patients with p16-positive tumours have better
survival rates (Chung et al., 2014; Wendt et al., 2021). This trend was further supported by the
Cox regression analysis, which showed statistical significance and emphasised p16 as a distinct
predictive marker for OPSCC. However, in the case of HPSCC and LSCC, the univariate
survival analysis did not confirm this association. Nevertheless, the Cox regression analysis
indicated better survival and a lower risk of death for patients with p16-positive HPSCC,
suggesting the potential consideration of p16 as a predictive marker. Similar findings have been
reported in several studies (Tribius et al., 2018; Shi et al., 2022). The association between p16
and HPV activity in non-oropharyngeal squamous cell carcinoma raises questions about its use
as a surrogate marker for HPV infection and its suitability as a prognostic factor for survival.
Several studies have shown that p16 often does not correspond to the HPV status in non-
oropharyngeal cancers, but it does have prognostic value for survival (Stephen et al., 2013;
Sanchez Barrueco et al., 2019; Gallus et al., 2022).

The lack of significance for many analysed variables in OPSCC during the univariate
survival analysis in the present study may be attributed to the relatively small number of patients
in this subgroup, which can impact the statistical power of the analysis. Additionally, the high
number of smokers and alcohol abusers among the patients could also influence the significance
of the results. This is accounted for in the Cox regression model.

The univariate survival analysis of p53 IHC expression showed significantly better OS
and DSS for the patients with p53-negative HPSCC, which could be attributed to the
suppressing function of E6 protein of HR-HPV. On the contrary to the Cox regression analysis,
without a statistical significance, however. Cox regression analysis of OPSCC patients showed
that p53 overexpression was associated with a significantly lower risk of death. This
observation could be attributed to the tumour-suppressing properties of p53. However, there
was a substantial number of HPV16-positive samples, including samples positive for HPV16

E6/E7 mRNA in OPSCC. In HPV-driven cancers, it is logical to expect p53 suppression,
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resulting in a p53-negative result when assessed using IHC. Published data suggest that HPV-
driven tumours exhibit p53 downregulation (Ramesh et al., 2020; S. Wang et al., 2021,
Benzerdjeb et al., 2021). Conversely, Hasegawa et al. reported that p53 overexpression
correlates with a better response to chemotherapy and is associated with improved survival
(Hasegawa et al., 2018). Similar results were demonstrated by Sun et al. (Sun et al., 2021).
However, these studies did not investigate HPV status. Initially, in HPV-driven cancers, there
could be p53 overexpression due to the degradation of pRb by the E7 oncoprotein, leading to
increased stabilization of p53 (Howie et al., 2009). A meta-analysis of tongue squamous cell
carcinoma indicated that p53 could not be used as a prognostic biomarker for these tumours
(Almangush et al., 2017). Similar conclusions were drawn by Halec et al. for LSCC (Halec et
al., 2013). Unfortunately, our study did not assess TP53 gene mutations, which could have
provided clarity on the aforementioned points (Zhou et al., 2016; Omura et al., 2017).
Additionally, there is a possibility that p53 overexpression is unrelated to HPV infection,
particularly considering the high number of smokers in our study. Further studies are needed to
explore the prognostic role of p53 in HNSCC, especially in OPSCC and HPSCC.

To our knowledge, there have been limited studies investigating the IHC expression of
HPV oncoproteins E6/E7 and their role in survival or prognostic values. Given that E6 and E7
are recognised as the primary drivers of HPV-mediated carcinogenesis, we were interested in
examining the impact of these proteins on survival using IHC. In both OPSCC and HPSCC, the
IHC results revealed that positive staining for HPVV16 E6 protein in tumour samples was
associated with better survival rates. However, it was observed that high expression of either
p16 or p53 often coincided with E6, which could be considered a positive outcome marker for
patients. Additionally, there is a possibility that at a certain stage of viral activity, the E6
oncogene may not have had sufficient time to disrupt the cell cycle. For instance, E6 initiates
proteasome-dependent degradation of p53 by recruiting the ubiquitin ligase E6GAP. Moreover,
only the combined complex of E6 and E6AP can interact with p53. This implies that the
expression of a single HPV16 E6 protein may not affect p53 degradation, making its detection
less informative for predicting patient outcomes (S. Li et al., 2019). Unfortunately, this research
did not investigate E6AP activity. A prospective study with multiple time points could provide
a better understanding of the roles of HPV oncogenes in the progression of HNSCC tumours,
as persistent HPV infection is a major factor in carcinogenesis (Byun et al., 2018). In this study,
it is challenging to distinguish between persistent and non-persistent HPV infections since
sampling was performed only once. However, in patients with HPSCC, E6 protein was detected
through immunostaining, while E6 mRNA was not detected, and HPV16 DNA remained

detectable. This finding may indirectly indicate the presence of a persistent HPV16 infection,
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which could be one of the reasons why the presence of HPV16 DNA in HPSCC samples was
associated with worse outcomes.

E7 is considered the major transforming protein of HR-HPVs based on mutational
analyses (Basukala & Banks, 2021). Moreover, E7 has been shown to play a crucial role in
driving early tumorigenesis (Song et al., 2000). The current study demonstrates that the IHC
overexpression of HPV16 E7 protein in OPSCC is associated with a poorer prognosis according
to Cox regression analysis. However, in HPV-associated tumours, the E7 protein is expected to
be the driving factor behind p16 overexpression, which is associated with better survival. On
the other hand, some studies indicate that p16 overexpression consistently correlates with a
favourable response to therapy and better clinical outcomes in OPSCC, and not all cases of p16
overexpression can be attributed to HPV's oncogenic activity (Rich et al., 2009; Fischer et al.,
2010). This suggests the existence of additional mechanisms in E7-protein-associated
carcinogenesis. Several studies have demonstrated that E7 induces the upregulation of various
matrix metalloproteinases (Menges et al., 2006; Srivastava et al., 2015), which have been linked
to the promotion of tumour invasiveness (Basukala et al., 2019). Additionally, the protein
function of HR-HPV E7 has been associated with a more stable mitotic function necessary for
viral genome maintenance and replication (Yu & Munger, 2012, 2013). These processes could
contribute to an invasive and potentially metastatic cancer phenotype, thereby explaining the
poorer prognosis observed in OPSCC with IHC HPV16 E7 protein overexpression (Basukala
& Banks, 2021). Oton-Gonzalez et al. found that OPSCC patients with detectable HPV16 E7
protein in their serum had worse relapse-free survival and overall survival. The authors also
identified a correlation between E7 protein levels in serum and E7 mRNA expression, leading
them to conclude that the source of E7 protein must have been HPV16-positive cancer,
particularly circulating tumour cells, indicating a metastatic process (Oton-Gonzalez et al.,
2021). It is important to note that not all tumours are HPV-related, and it has been demonstrated
that virus-induced oncogenesis takes a long time to develop, and some patients with HNSCC
can have concomitant HPV infections (Basukala & Banks, 2021).

One of the limitations of the present study is the relatively small sample size for each
region (oropharynx, larynx, and hypopharynx), which may result in insufficient statistical
power and limit the conclusions, particularly for markers that did not reach statistical
significance. However, it is difficult to disregard the observed trends of the examined markers
and their impact on survival. Another limitation is that nearly all HPSCC samples were FFPE,
which could potentially lead to genetic material degradation, particularly RNA. Nonetheless,
all samples were suitable for analysis based on the intrinsic control of the kits utilised for mMRNA

detection or the detection of the B-globin gene for DNA quality assessment.
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Conclusions

Patients with smaller primary tumours, no locoregional lymph node involvement, absence
of tobacco and alcohol use, and those who underwent surgical intervention as part of their
treatment approach, demonstrated improved OS and DSS, along with lower hazard ratios.
HPV infection has a notable impact on the development of HNSCC, particularly in the case
of OPSCC. Not only HR-HPVs, but also LR-HPVs could affect the survival of the patients
with LSCC and OPSCC.

Real-time PCR assays amplifying smaller DNA fragments are good and reliable for
detecting HPV genetic material in FFPE samples.

. There is a high prevalence of the HPV16 genotype not only in oropharyngeal but also in
laryngeal and hypopharyngeal cancers confirmed by HPV PCR assays.

. A moderate correlation between detected E6/E7 mRNAs and HPV16 viral load was

confirmed in OPSCC, while this correlation was not observed in non-oropharyngeal
cancers.

. The lack of HPV E6/E7 oncoproteins in HPV DNA-positive tumours implies the
involvement of alternative tumorigenesis mechanisms distinct from viral integration.

pl6 overexpression is linked to improved survival outcomes and lower hazard ratios, not
only in patients with OPSCC but also in those with HPSCC. The utilization of p53
expression as a prognostic indicator for patients with HNSCC remains a subject of ongoing
debate and uncertainty. The evaluation of HPV16 EG6 protein expression through
immunohistochemistry represents a valuable prognostic indicator for, both, OPSCC and
HPSCC.
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Background: Survival of oropharyngeal squamous cell carcinoma ( OSCC) patients depends on the risk and environmental factors, tumor
biology, achievements in diagnostics and treatment approaches. Aim: To perform a survival analysis of the patients with OSCC treated
over a 10-year period in a single hospital in Latvia linking these data to histopathological findings, risk factors and received therapy.
Materials and Methods: The main outcome measures were overall and disease-specific survival (OS and DS) along with histopathology
analysis, Results: Kaplan — Meier survival analysis showed better survival for females, younger patients lacking bad habits, operated
and received radiotherapy, with lower T grade and disease stage. Cox regression showed diminished early death risk in patients with
lower T grade, no regional metastases (N0) and bad habits, operated and received radiotherapy. A vast majority of tumors were localized
in palatine tonsils and the base of the tongue. The localization did not correlate with mean survival time /survival. Lower OS (p=0.03)
and DS (p = 0.026) were estimated for patients with pharyngeal wall and tonsillar involvement compared to tumors localized in the soft
palate. A histological variant of tumor seemed irvelevant estimating OS and DS, whereas therspeutic modalities significantly affected
survival. Conclusions: OSCC patients with lower T grade, NO status, lacking bad habits, and surgically treated had better survival.

Key Words: oropharyngeal squamons cell carcinoma, survival rates, risk factors,
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The oropharynx is one of the most commeon lo-
calizations for malignant neoplasms in the head and
neck region. The GLOBOCAN data (2012) confirm over
140,000 new cases of pharyngeal cancer worldwide
and age-standardized incidence of 1.9 per 100,000,
whereas in Europe — about 34,000 new cases and
age-standardized incidence of 2.9 [1].

Histopathologically, most malignancies found in the
oropharynx (~90%) are squamous cell carcinoma (SCC)
[2]. Although SCC of the oropharynx is diagnosed pre-
dominantly in people over the age of 45 years, some
studies suggest an increased incidence of the disease
In people less than 45 years of age, over the past
20-30 years [3]. Commonly, these tumors arise from
certain regions — paiatinetonsils, the base of the tongue,
soft palate, and posterior pharyngeal wall and in greater
than 60% of patients present with cervical lymph node
involvement and 10-15% with distant metastases [2].
Ithas been found that the rates of lymph node metastasis
vary considerably by locaization with tumors of the tonsil
and base of the tongue more likely presented with posi-
tive nodes than tumors of the soft palate and pharyngeal
wall [4]. Approximately 60% of oropharyngeal SCCs
(OSCC) have beenfound to be moderately differentiated,
20% well-differentiated, and 20% poarly differentiated
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[5]. Other tumors, namely minor salivary tumors (ad-
enomas/adenocarcinomas), primary lymphoid tumors,
undifferentiated tumors, various sarcomas, and mixed
neoplasms also present in the oropharynx [6], and clini-
copathological findings vary from country to country 7).

Major etiological and predisposing factors for this
neoplasm include smoking and drinking habits, and sev-
eral other factors such as human papidlomavirus (HPV)
and Candida infections, nutritionai deficiencies and
genetic predisposition [7-10]. Furthermore, it has been
demonstrated that the carcinogenic effects of both
aicohol and tobacco smoke on the oropharynx appear
tofunction in dose-dependent manners [6], and increase
6-7-fold in Individuals overusing tobacco or alcohol and
asmuch as 15-foid with those who both smoke and drink
alcohol [11}.

Analysis of survival rates in the case of SCC reveals
greatly varying data due to the variability of the obser-
vation period, patients' features, surgeons' expertise,
percentage of starting tumors compared with advanced
ones, quality of radiotherapy (RT), and the use of aduvant
treatments [ 12). Pathologically, the significant predictors
of 5-year disease-free survival proposed very recently
by analyzing invasive tumor pattems of SCC were defined
as the mode of invasion, worst pattern of invasion, and
tumor budding as well as lymphovascular and perineural
invasion [13]. The 5-year survival rate has been shown
to range from 58% up to 94% [ 14). A decrease in survival
rate in a long-term follow-up happens mestly due to the
development of new primary tumors, which have the same
etiologic factors, and intercurrent deaths often caused
by the same etiologic factors and by the age of the patients
[15). Other studies suggestan improvement in the 5-year
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overall survival (OS) and disease-specific survival (DS)
rates during the past decade compared with the previous
decade even despite older age, more advanced disease
stage, and a higher rate of distant metastases, presum-
ably due to the recent advances in tumor imaging and
therapy [ 12, 14). The world incidence of OSCCvaries and
estimated differences in the incidence and survival are
generally related to the distinct risk and socioeconomic
factors, environmental agents, public heaith avareness
and accessibility of health services, as well as advances
indiagnosticsand therapy. Therefore, the aim of this study
was to perform a survival analysis of the patients with
OSCC treated over a 10-year period in a single hospital
inLatvia corelating these data with histopathological find-
ings, disease stage, tumor grade, nodal grade, patients’
age and sex, habits (smoking, alcohol abuse), primary
tumor location, and received therapy.

MATERIALS AND METHODS

We carried out aretrospective study of 247 patients di-
agnosedwith OSCC, staged following the TNM classifica-
tion of the International Union against Cancer (6" edition)
for oropharyngeal carcinoma and treated in Riga Eastern
Clinical University Hospital Stationary Oncology Centre
of Latvia between January 1%, 2000 and Decamber 31%,
2010. Patients are admitted to this hospital from all over the
country, which hasanestimated population of 1.81 million.
The patients' data were collected from the Hospital Archive
and The Centre for Disease Prevention and Control and
included in the study when the diagnosis of OSCC was
confirmed histologically. The study was approved by the
Ethical Committee of Riga Stradins University.

The data collected were processed to calculate the
overall and disease-specific 3 and 5-year survival rates
for all patients. The Kaplan — Meier survival analysis was
used for the estimation of statistical data. Statistical testing
for differences in unadjusted survival rates was performed
using the log-rank test. A Cox regression method was used
to estimate hazard ratio (HR). Age, sex, T stage, N status,
riek factors (smoking, alcohol abuse), therapy modality
(RT, surgery (SUR), chemotherapy (ChT), symptomatic
therapy and combinations of aforementioned, primary
tumor location, histopathological variant of tumor were
included as covariates in the survival model. ChT consisted
of a single-agent regimen with cetuximab or platinum
medication (cisplatin).

Statistical analysis of correlation of aforementioned
covariates with survival, and mean OS time after
diagnosis was performed. We used Pearson's chi-
squared test or Fisher's exact test (depending on the
size of the group) 1o find out If differences between
analyzed groups are statistically significant, the value
of p < 0.05 was considered significant. Cramer's Vwas
used lo measure an association between two nominal
variables. For analysis of the correlation between no-
minal variables and mean survival time after diagnosis
Kruskal — Wallis test or Mann — Whitney test (depend-
ing on the number of groups) were used.

Formalin-fixed paraffin-embedded OSCC samples
obtained from all major subsites and sections cut off

were retrieved from the archival files of the Department
of Pathology Oncology Centre of Latvia, and pathology
reports for all tumors were reviewed. Hematoxylin and
eosin (H&E) stained sections were analyzed, and the
tumors were dlassified according to their histologic fea-
tures. Patterning of the invasion at the advancing tumor
edge, the presence of perineural invasion, and immune
system response as proposed by Brandwin et al. [16]
and thereafter commented by the other scientists [17]
were underestimated in the early years of this retrospec-
tive study. Therefore, the histopathological assessment
was done not taking into account the revision of surgical
margins and the evaluation of supplemental tissue. Mi-
crophatographs were obtained using Leitz DMRB bright-
field optics equipped with a digital camera DC 300F.

RESULTS

The retrospective cohort consisted of 247 patients
with pathologically confirmed OSCC, stage |-IV present-
ed by the following subsites — palatine tonsils (n =110,
44.52%), base of tongue (n = 76, 30.77%), soft palate
(n =20, B.10%), and posterior pharyngeal wall (n =41,
16.60%). Unfortunately, less than one-tenth of the
cohort presented with stage | and Il — 3 (1.22%) and
19 (7.72%) patients, accordingly, whereas a major por-
tion — 224 (91.6%) revealed advanced disease stage.
By gender, 8.10% (n = 20) of all reviewed patients were
female and 91.90% (n = 227) — male. The mean patient
age wasb0 years (range 27-85), median — 60.20 years.

Whenthe patients' data were collected and summed-
up we found that most of the patients were regular
smokers (75.95%, n = 180), habitual drinkers (35.19%,
n = 82) or were exposed to both aforementioned major
risk factors (31.47%, n=73). The general characteristics
of the patients are summarized in Table 1.
Table 1. Charactanstics of the patients

Sex -0 [%):

Mae 227 (91.90)

Femake 20 (8.10)
hge —yr.

Mean (SO) 60 (8.985)
—Range e 2085
Disease Stage —n (%)

| 30122

] 1947.72)

[} 61(24.80)
.r_I! _ 163 (66.26}

Umor stage — n (%)

n 23(9.39)

] 59 (24.08)

3 73(29.80)

14 =, 90(36.73)
Node stage —n (%)"

NO T7(31.30)

N1 54(21.95)

N2 82 (33.33)

N3 30(12:20)

N o 3(1.22)
Alcohol buse —n (%] -

Yes 82(35.19)

No 151 (64.81)
m'“'<

Yes 180 (75.95)

No 24.05)
Aicohoi and smoking — n (%) %‘(ﬁ)‘
Note: *Unknown for 1 patient; *"unknown for 2 patients; **"unknomn for
14 patients; ****unknown for 10 patients.
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Female patients had significantly longer mean sur-
vival time than males, but we found no correlation be-
tween survival and gender (V, = 0.09, p=0.25) as well
as mean survival time and gender (n=0.17). OS analy-
sis showed better survival for females, butitwasn't sig-
nificantly different when compared to males (p=0.06).
By contrast, DS survival in female patients appeared
to be significantly better (p = 0.0486).

Additionally, survival was estimated subdividing
the subjects into three age groups — younger than
55 years; 5510 64 years old and older than 65 years.
There were significantly more deceased patients inthe
subgroup with advanced age when compared to young-
er individuals (p = 0.028). However, no correlation was
found between both age groupand survival (V, =0.17),
and mean survival time (n = 0.16). Kaplan — Meier es-
timates showed a decrease in survival with increasing
age, but the differences in OS and DS weren't statisti-
cally significant when all three age groups were consid-
ared (p=0.0892and p=0.108). In spite of that, pairwise
comparisons showed statistically significant differences
In survival between patients younger than 55 years
and older than 64 years (p =0.048). Table 2 deciphers
adecrease in OS with more advanced age.

Table 2. Kaphan — Mesar analysis of potantsal prognostic factors for DS, 05

There was amoderate correlation between survival
and disease stage (V, = 0.32, p, = 0.0014). Kaplan —
Meier survival analysis showed almost statistically
significant (overall comparisons, p = 0.058) 0S and
DS differences according to the disease stage (see
Table 2). In pairwise comparisons, a statistically
significant difference in OS between stage | and
stage |l disease (p = 0.139), stage Il and stage Il
disease (p = 0.112), stage Il and stage IV disease
(p = 0.104) was not found. Similar observations were
made in pairwise comparisons between stages in DS.

Mean survival time and the positive outcomes (the
patient survived) of the disease appeared to decrease
with higher T grade, and there was a moderate cor-
relation between outcome and T grade (V, = 0.27),
whereas no correlation between mean survival time
and T grade (n = 0.2830). Kaplan — Meler survival
analysis showed a better OS and DS when lower tumor
grade (T1-2) was compared to higher tumor (T3-4)
grade (see Table 2).

There was no correlation between N status and
mean survival time/survival (outcome). We found
no statistical difference in OS and DS (p=0.11 in both
cases) according to N status (NO vs N+; see Table 2).

Varisble Kaplan — Meler estimate, % (95% CI af — Mses 1&5 Cl
Age, years {n; %):
<55 (62, 25.10) 25.8% (14.6-36.8) 24.1% (13.1-35.1) 226%(122-33.0) 20.7% (10.3-31.1)
55-54 (105; 42.51) 21.6% (13.6-29.6) 19.6% (11.8-27.4) 15.7% {8.6-22.8) 14,4% (7.3-21.5)
265 (80; 32.39) 14.1% (6.5-21.7) 12.3% (4.3-20.3) 7.7% (1.8-13.6) TI%(1.2-14.2)
- £=0.082 L=0.108 =009 £=0108
Maie 19.8% (14.5-25.1) 19% (12.7-23.3) 14% {9.5-18.5) 12,8% (8.3-11.7)
Famala 30% (10.0-50.0) 30% (10.0-50.0) 25% (6.0-44.0) 25% (6.0-44.0)
=006 0« 0.0486 p=0.06 0= 0.0486
Slage:
! 100% (-) 100% (-} 100% (-) 100% {-)
" 36.8% (15.0-58.6) 37.5%(13.8-61.2) 31.6% (10.6-52.6) 31.3% (8.6-54.0)
m 20.7% [11.3-32.1) 23.6%(12.4-34.8) 13.3% (4.7-21.9) 14.5% (5.1-23.9)
] 16.3% (10.6-22.0) 13.0% (7.5-18.5) 11.1% {6.2-16.0) 10.3% {5.4-15.2)
p = 00058 p=0.0058 £=0.0058 2= 0.0058
T grade:
n 42.9% (21.7-64.1) 37.5%(13.8-61.2) 42.9%{21.7-64.1) 37.5%(13.8-61.2)
T2 34.5% (22.3-46.7) 35.8%(22.9-48.7) 22.4%(11.6-33.2) 22.6% (11.4-33.8)
13 16.4% (8.0-24.8) 16.4% (7.6-25.2) 9.6%(29-16.9) 10.4% (3.1-17.7)
T 11.4% (4.7-18.1) 8.5% [2.4-M.5) 6.8%{1.5-12.1) 6.1%{1.0-11.2)
£<0.0001 £<0.001 < 0.0001 p<0.001
N status:
NO 21.6% (17.6-31.6) 27.9%(17.3-38.5) 20.1% (11.9-30.3) 22.1%{12.3-31.9)
N+ 19% (12.9-25.1) 16.8% (10.7-22.9) 12.3% (1.2-174) 10.7% {5.8-15.6)
p=01 p=01 p=0n p=01
Primary tumos location:
Palatine tonsil 18.5% {11.2-25.3) 16.8%{9.5-24.1) 12% (5.9-18.1) 0.9% {4.0-15.8)
Base of the torgue 24.3% [14.5-34.1) 22.1%(12.5-32.9) 176% (9.0-26.2) 18.2% (9.0-27.4)
Pharyngeal wal 15% (4.0-26.0) 19.5% (2.5-24.5) 7.5% (0-15.7) 8.1% (0-16.9)
Saft palate 40% (18.4-61.6) 43.8% [19.5-68.1) 35% (14.0-56.0) 31.5%{13.8-61.2)
Aicohol sbuse and smoking:
Neither 34% (20.5-475) 31.8% (18.1-45.5) 23.4%|11.2-95.6) 25% (12.3-91.7)
1 factor 22.7% (14.9-30.5) 20.4%(12.4-28.9) 16.4% {9.5-23.3) 3% (74-21.2)
Both 11.4% (4.0-18.8) 10.9% (3.3-18.5) 71%(1.0-13.2) 6.3%{0.4-12.2)
£ =0.002 D= 0.008 p=0.002 £=0.008
Treatment (n):
RT(175) 14% (8.7-18.3) 12.6%{7.5-11.7) 7.6% (3.7-11.5) 7.5%(3.4-11.6)
SUR (7) 42.9% (6.2-79.6) 40% (0-82.9) 42.9% (6.2-79.6) 40% {0-82.9)
RT+SUR (39) 52.6% (36.7-68.5) 54.8% (37.4-72.2) 42.1% (26.4-51.8) 41.9% (24.5-59.3)
RT+CHT (Cotudmabl/~SUR (17)  23.5%(3.3-43.7) 25% (3.6-46.2) 17.6%{0-35.6} 18.8% (0-38.0)
RT+CT (Cisplatin)+/~SUR (3) 33.3% (0-85.6) 33.3% (0-86.6) 33.3% (0-86.6) 33.3% (0-86.6)
___Symplomatic (6) 0% p < 0.001 0% p < 0.001 0% p < 0.001 0% p < 0.00!
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A moderate correlation between smoking and
survival (V, =0.21, P, = 1.77 » 10*) was found, but
there was no correlation between mean survival
time and smoking (n = 0.17). Kaplan — Meier sur-
vival analysis showed a statistically higher OS and
DS in subjects nonsmokers (p < 0.05). There was
no correlation between alcohol abuse and survival/
mean survival time.

Significantly higher OS was estimated for patients
who didn't abuse alcohol (p = 0.03), whereas a de-
crease of the significance was found regarding DS
(2 =0.08). However, there was a statistically significant
decline in the OS and DS in the patients' group who
smoked and abused alcohol simultaneously (yes vsno)
(see Table 2, Fig. 1).

OSCC analyzed in the study developed from ditfe-
rent subsites, but there was no impact of tumor loca-
tion on mean survival time/survival. Worst OS (p=0.03)
and DS (p = 0.026) estimates were found for subjects
presented with pharyngeal and tonsilar tumors, thus
opposing estimates for patients presented with tumors
of the soft palate (see Table 2).

Keratinizing SCC (KSCC) tissue samples showed
large polygonal squamous cells with distinct cell
borders and keratin formation revealing a spectrum
of grades from well-differentiated to poorly differen-
tiated tumors with various degrees of keratinization
(Fig. 2, 3, 4). Keratin pearls were present. Squamous

@ 50 100 150
Months

Fig. 1. Kapian — Meier DS piot according to hazardous habits

00

type) showng folded
epithelium comprised of farge polygo-
nal cells with distinct cell borders and varying degree of eosine-
philia. Nuclel are pleomorphic. H&E, original magnification, x 200

Fig. 2. Soft patate region. KSCC
and thickened neoplastic

maturation was diffuse even in poorly differentiated
tumors that lack keratinization. Keratinizing tumor
samples with abundant eosinophilic cytoplasm were
often composed In discrete nests and displayed
nuclear pleomorphism (see Fig. 2 and Fig. 5). The in-
filtrative nests of tumor cells usually were found within

LNl e ) i~ o

Fig. 3. Base of the tongue. NKSCC. Densealy packed mitotically
active epithelial cells torming the pushing and infitrating masses
of carcinoma. H&E, orginal magnitication, 200

LAy :

Fig. 4. Palatine tonsil. NKSCC. Nests of tumor cel

with ia-
defined borders and necrosis. H&E, original magnification, * 200

Fig. 5. Soft patate region. KSCC. Tumor cells demonstrate nuckear
pleomorphism, mitotic and apoptotic features. Some twmor ceils
contact the nerve bundie. HE&E, onginal magnification, x250
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Nonkeratinizing SCC (NKSCC) tumors often
formed nests, sheets, and cords with well-defined
borders. These tumors were characterized by relatively
monomorphic, densely packed, ovaid, and spindle-
shaped basaloid cells with indistinct cell borders. Mi-
totically active tumor cells revealed highly hyperchro-
matic nuclei and high nuclear-to-cytoplasmic ratio.

Although this study did not attempt to distinguish
HPV driven tumors from those, which are HPV negative,
we might speculate that KSCC are highly likely HPV
negative whereas NKSCC highly suggestive of HPV
association. Usually, these NKSCC formed sheets,
nests, and cords with sharply defined borders; tumor
cells disptayed basaloid teatures and peripheral pali-
sading (Fig. 6).

Most of the tumors were KSCC (n = 175, 70.85%),
19.43% were NKSCC (n = 48), 1.21% — undifferenti-
ated carcinomas (n=3), 1 (0.4%) — adenosguamous
carcinoma, for the remainder of tumors keratinization
pattern wasn't specified (n=20, B.10%). A histological
variant of tumor seemed irrelevant estimating OS and
DS (p > 0.05). Furthermore, a correlation between
histological variant and mean survival time/survival
was not found.

Fig. 6. Base of the tongue. NKSCC. Nests and cords of tumor
cells with basalold features, peripheral palisading, intraluminal
necrosis, keratocysts. HAE, original magnification, x 100

mor nests and nodules reveal muscular invasion, lymphopias-
macytic inflitration. H&E, original magnification, 250
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When recognizing that histological grade based
on the amount of keratinization is not a consistent
predictor of clinical behavior we fixed the presence
of perineural spread, lymphovascular and muscular
Invasion to better understand aggressive behavior
of the tumor. We found that perineural invasion and
lymphovascular invasion are frequently observed
in SCCs causing a decrease of survival (see Fig. 6).
Additionally, the islands and cords of malignant cells
infiltrated the underlying skeletal muscle tissue when
the deeper invasion of the tumor masses took a ptace
(Fig. 7).

We found a strong correlation between survival and
therapy (V,=0.32), but no correlation between therapy
and mean survival time (n = 0.33). There were signifi-
cant OS and DS differences (p < 0.001) between thera-
peutic modalities (Table 2), with better survival in SUR
and RT+SUR groups. Pairnwise comparisons revealed
significant OS differences only in RT vs RT+SUR,
RT+SUR vs RT+ChT (cetuximab)+/-SUR groups
(p < 0.05), and borderline significance in RT vs SUR
group, showing higher survival in those patients who
underwent SUR and lowest survival in RT group.
Similar observations were made performing pairwise
comparisons between therapy modalities and DS.

Most of the patients didn't receive SUR as thera-
peutic modality (n = 186), 10 patients had primary
tumor excision, 28 underwent neck dissection, and
13 had both, primary tumor excision and neck dis-
section. When suggesting the outcome of the disease
and the impact of SUR as well as the type of operation
done, we found that the number of deceased patients
was much higher when no operation was done (Ta-
ble 3). Furthermore, mean OS time after establishing
the diagnosis of the disease was significantly longer
in surgically treated patients; however, the correla-
tion between mean OS time and the aforementioned
treatment modality was not found. Kapian — Meier
analysis showed significant differences in survival
(OS and DS) depending on whether the patient was
operated on or not, with a much higher survival rate
in patients who underwent SUR {p < 0.0001). How-
ever, OS and DS pairwise comparison of SUR type
didn't show any significant differences (p = 0.29 for
0S and p=0.11for DS).

Cox regression method was applied in two stages:
(1) all the factors were analyzed without distinguish-
ing subgroups of each factor (univariate analysis;
Table 4); and then (2) subgroups of each factor were
assessed (multivariate analysis, see Table 5). T grade
(p < 0.00001), N status (p=0.017) and sex (p = 0.049)
appeared to have a statistically significant or probable
impact on the mortality after detection of the disease
in the common comparison model (see Table 4) (value
of Bis positive). Individually for grade T, the risk of death
increases by 39% (Exp (B) = 1.39) If T grade increases
with other values remaining constant. By contrast, the
risk of death increases by 51% (Exp (B) = 1.51) in case
of N status, if there is a change from NO to N + when
other values remain fixed. Finally, the risk increases
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Table 3. Braskdown of patients by type of aperation and outcome of the disaase
Type of cperation N o patiens icidence. %I Mmm:'rm R ey Statistical analysis between groups
Primary Tu excision 0 Postive (survived) 3 256.63) Al groups Only operations
(4.05; 19.61) Negative |deceasad) 7(70.00) P, ) P, [
Neck dissection 28 Postive {survved) 5(18.52) et 033 0.19 0.26
(11.34; 54.90) Negative (deceased) 22(81.48)
Both <] Postive (survived) 6 (46.15)
{5.26; 25.49) Negative (deceased) 7(53.85)
Nong 196 Postive {survved) 12 {6.25)
(79.35.-) Negative deceased) 180 (93.75)

Note: "The incidence among all patients and the Incdence only between opamabions.

Table 4. Cox proportional hazand, univariate analysis

Varizble B

Sex 053 485-107 1. 5=

Age groups 0.14 0.4 115 095..1.4
Alcohol abuse and/ 0.02 083 1.02 085..1.2
or smoking

T grade 033 240 -wW* 139 1.2..1.63
N status (NO »s N+) 04 135-0° 1.5 1.09..2.09
Therapy -0.10 0.14 090 0.79..1.03
Primary tumor iocation  -0.08  0.29 092 0.79..1.07
Histological variant 0.07 0.36 107 092,125

by 70% (Exp (B) = 1.70) within the gender axis {female
>male). Other features ina particular regression mode!
didn't have a statistically significant impact on the risk
of earlier death. Cox regression plot for cumulative sur-
vival shows that 50% of patients die before 12 months
after the diagnosis of cancer (Fig. 8).

It was found that T2 grade, N status, presence
of one of the hazardous habits (smoking or alcohol
abuse) and treatment modality — RT+SUR have a sta-
tistically significant impact on the risk of death when
accounting nine factors and analyzing the HR between
subgroups of factors (see Table 5). Patients with
T2 grade tumor have 57% and 77% reduction in the risk
of early death when compared to patients with T3 and

Table 5. Cox propartional hazasd model, multivariate analysis

T4 grade tumors. Finally, we found that there is a 34%
reduction in the risk of early death when NO status
is compared to N+.

Significantly (p=0.0467) lower early death risk was
determined for patients exposed to SUR in combina-
tionwith RT (p=0.002) when compared to other treat-
ment modalities, including RT alone or in combination
with cetuximab (Fig. 9). When compared to sympto-
matic treatment, RT+SUR therapy has 300% or 3 times
lower early death risk, but compared to RT+ChT (ce-
tuximab} +/-SUR therapy — 154% or 1.54 times lower
early death risk. When a combination of two — RT+SUR
treatment modalities are compared to RT or SUR alone,
there is 2.02 and 1.27 times greater death hazard es-
timated for BT and SUR, respectively.

Cox regression multivariate analysis showed that
alcohol abuse and/or smoking significantly increase
the risk of early death. Results of the Cox proportion
hazard model are summarized in Tables 4 and 5.

DISCUSSION
We performed a survival analysis of the patients
with OSCC treated over a 10-year period in a single

Variabies 7 Bl or HA® C135% AR T other proups
Sex (temale > malke) ['X]] . .36 . 1.1
Age group 0.15
<55 old 0.10 0.70 046 .. 1.06
5554 years oid 0.08 0.74 052..1.04
64 years old (1.00)
Alcohol abuse and/or 0.06
None . 0.43 0.84 0.55..129
1 of aforementioned 0.051 1.42 1..201
Both , (1.00)
T 3.51 10
pa‘ds 0. 0.60 0.31 17 1.06
2 6.72-10° 0.57 0.37...0.85
3 0.51 089 062..126 1.57
4 (1.00) 1.17
N status (NO > N+) 1.58-10° 0.66 0.47 ...0.93
Therapy 0.08
AT 0.42 0.67 0.26 . 1.15 202
op 0.20 0.42 0.11 _1.56 127
RT+SUR 4.67-10° 0.33 0.11...0.98
RT+ChT (cetuximab) +/~SUR 0.70 0.80 0.26..244 241
AT+CHT (platinumn) +/~-SUR 0.44 0.5 0.09..282 1.54
atic (1.00) 3.00
Primary lumor location 0.55
Paiatine tonsd 0.19 1.48 082..264
Base of the tongue 0.37 1.32 072_24
Pharyngeal wall 0.20 1.52 0.79..292
Soft paiate 11.00)
Hm& varant 0.
Ki 0.78 093 054..150
NKSCC 0.80 0.95 052..1.78
Carcinoma, unditerentiated (Eptt) 0.35 1.84 0.51 667 191
SCC, B i (1.00) 1.04

MNote: *HR — hazard ratio-calculation using the kst group as a reference; “calculated for significant groups (bold) agaknst others, taking a significant group

a3 a reference.
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Fig. 8. Caxsegression plotfor cumuiative survival (overat) accounting
for all covariates (sex, age group, T grade, N status, alcohol abuse
and/orsmoking, therapy, primary tumor iocation, histological variant)
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Fig. 9. Cox regression plot for cumulative survival. Covari-
ates — sex, age group, T grade, N status, alcohol abuse and/
or smoking, therapy, primary tumor location, histological variant.
Plot for therapy

hospital in Latvia making attempts to link the data with
disease stage, tumor stage, patients’ age and sex,
habits (smoking, alcohol abuse), histopathological
variant of the tumor, primary tumor localization, and
received therapy.

We found that two-thirds of the patients (76%) were
smokers, whereas one third — (35%) had drinking
problems. Regarding the relevance of habits, our study
confirmed the independent role of these risk factors in sur-
vival (OS and DS), where smoking seems to play a more
Important role in survival, especally DS. Moreover, the
combination of these two factors significantly decreases
survival (DS and OS). Similar evidence has been reported
previously [18-21]. Furthermore, according to our Cox
hazard model (multivariate analysis) an early death risk
is higher when at least one of the risk factors is present.

Our study showed that a vast majority of patients
were diagnosed in advanced disease stages (llland IV)
resulting in poorer outcome prognosis. Kaplan —
Meier estimates of OS and DS for disease stage
showed worse survival for late disease stages. Our
Investigation revealed that of 247 subjects used in the
present study, there were only 3 and 19 patients with
stage | and stage |l disease, accordingly. The impor-
tance of early cancer diagnosis and fast referral to the
specialist has been previously highlighted [22]. Our
estimations of survival appear to support this.

OSCC is an aggressive tumor commonly diagnosed
in advance stages and characterized by a high rate
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of lymphatic metastasis [23]. This was also true for our
study where 68.4% of patients presented with clinically
positive neck disease (locoregional spread of cancer
to neck lymph nodes). Furthermore, N+ patients had
higher early death risk (Cox regression multivariate
analysis), aithough there were no significant diffe-
rences in OS and DS.

We found that lower T grade tends to correlate
with better disease outcome. This statement was
confirmed by Kaplan — Meier estimates of OS and
DS, which showed a significant (p < 0.001) decrease
in survival by T grade revealing the longest survival for
lower T grades. Nevertheless, it is worth noting that
our estimates of survival are lower than those demon-
strated in the western hemisphere [24).

Our study showed the worst OS and DS for tumors
of pharyngeal wall and patatine tonsils, and these data
partially agree with the literature [6]. In our study, the
majority of the patients had palatine tonsil and base
of tongue SCC associated with poorer survival.

In the given study, better OS and DS estimates
were demonstrated for the surgically treated patients.
Indeed, it may be argued that there is a selection
bias in the treatment modalities. The present study
brought evidence that SUR might have a clear role
in better disease outcame, and the best outcome
was demonstrated for the RT+SUR group. We were
not able to show any significant differences in survival
based on the type of SUR applied (primary tumor
excision, neck dissection or both), however, these
appeared when SUR vs no SUR at all was compared.
However, we must admit that the numbers of patients
constituting the study groups we used were unegual
and not very high. Reviewing the literature, we found
that surgical treatment has emerged as the necessary
treatment modality for most patients [25].

Furthermore, other studies have shown a sur-
vival benefit in operated patients, even when stratified
by HPV status [26-28). However, controversy in results
when HPV status was taken into accoun! appears
to be elucidated [29]. In his study, Mlnscher et al.
showed that the HPV status seemed to have no im-
pact on survival [29]. We hope that our observations
have highlighted the necessity of further studies when
OSCC outcome is compared In patients with uni- or bi-
lateral neck dissection.

However, there are some studies that state no dif-
ference in long-term survival between uni- and bilateral
neck dissection in patients with contralateral clinically
negative neck [30-33).

Gillison et al. in their study have proved the supe-
riority of cisplatin plus RT as opposed 1o cetuximab
plus RT in HPV-positive OSCC [34]. Unfortunately,
we should confirm that cetuximab is the only chemo-
therapeutic agent for the head and neck used in Latvia
when treating SCC. There is compelling evidence for
reconsidering the chemoradiotherapy regimen. Inthis
study, performing survival analysis of patients with
0OSCC we found that younger patients had lower early
death risk than older ones. Furthermore, by reviewing
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the literature one should note that RT produces the
long-lasting depression of the immune system and
makes some OSCC patients more susceptibie to tumor
recurrence and worse survival [35).

Prognostic factors have been recognized to be im-
portant in selecting the appropriate treatment for the
patient. In the current study, we made attempts to pre-
dict the course of OSCC investigating the possible
prognostic factors. We found that the patient's even-
tual outcome is strongly predicted by the T stage,
therapeutic modality received (RT+SUR), hazardous
habits (smoking, alcohol abuse), and the presence
of lymph node metastases. Collectively, these results
are suggestive of neck dissection necessity, and other
studies have reported on the effectiveness of ipsila-
teral elective neck dissection In clinically naegative
necks [36-38]. Unfortunately, in our study, data on the
HPV status were lacking cutting off the evaluation
of the prognostic value of this factor recommended
by other scientists [39-44].

In the given study, statistically significant differen-
cesin survival rates estimated for patients with OSCC
revealing various types of tumor differentiation were
not found. Unfortunately, completeness of records
deciphering the differentiation of tumor cells, the
type of growth (exophytic or endaophytic), and the
presence of perineural invasion were not absolute.
However, some previous studies have demonstrated
that endophytic growth, perineural invasion, and
extracapsular extension of tumor allow suggesting
on contraiateral neck metastasis and lower 5-year
0S [33, 45].

Problems related to early diagnostics of tumors are
well recognized worldwide based on statistical data
analysis, we suggest that the majority of patients are
diagnosed with stage IV OSCC which means a worse
outcome of the disease. Effective measures must
be taken to ensure OSCC diagnosis at the earty stages.
Supportive evidence on the necessity of neck dissec-
tion as one of the therapeutic modalities (best results
in RT+SUR group) was found by us.

The incidence of OSCC has grown in the last two
decades, which, at least partly, may be explained
by a contributive role of HPV. HPV positive OSCC has
a better prognosis than HPV negative; therefore, HPV
status should be determined for prognostic reasons
and selection of an appropriate treatment plan. In-
deed, bad habits as smoking and alcohol abuse are
risk factors that should be included in assessing the
disease outcome.

The limitation of the study is that it is a retrospec-
tive analysis with a relatively small population. itisalso
difficult 1o assess the importance of treatment mo-
dalities because some patients treated with RT alone
presented with an advanced stage of cancer atthetime
of diagnosis and poor general health, furthermare,
the chemotherapeutical interventions should be pre-
sented by more treatment schemes than cetuximab
alone. Other studies reporting on similarity in regional
recurrence rates observed in patients with SCC of the
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tongue when selective and radical neck dissections
were performed have suggested on supraomohyoid
neck dissection as a primary treatment for patients
with clinical NO tumor [46]. This statement agrees
with the study results and suggestions, however, our
study didn't attempt an assessment of various neck
dissection types as well as comparison of SUR and
other treatment modalities.

CONCLUSION

Collectively, the study showed that patients with
lower T grade, NO status, lacking bad habits and when
SUR was applied as one of the treatment modalities
had better 3 and 5-year OS and DS, and lower HR. Fu-
ture studies leading to mare efficient research should
be undertaken combining tests for HPV validation with
traditional histopathology methods independently
performed in several institutions.
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The Incidence of hypopharyngeal cancer globally is about 0.8 per 100 000. Globally, approxi-
mately 38 000 cases of head and neck cancer are considered yearly to be high-risk human
papilliomavirus (HR-HPV) related. Blopsy material fixation in formalin and embedding in paraffin
(FFPE) creates many challenges. The extraction of nucleic acid material requires a more compli-
cated approach, and offen the extracted DNA is fragmented. The aim of the study was to com-
pare several HR-HPV detection methods in nucieic acid material extracted from FFPE samples.
The extracted DNA was analysed with different mofecular biology methods to assess DNA quaiity
and to determine the presence of HPV DNA with varous HPV detection systems. The results
were compared and statistically analysed. There was good agreement between lwo real-time
PCR methods — Anyplex Il HPV28 and Sacace HPV High-Risk Screen Real-TM Quant. We
failed to reach a conclusion on agreement between real-time PCR methods and HPV16 lype-spe-
cific primer PCR. There was moderale positive correiation between Anyplex Il HPV28
semiquantitative resulls and Sacace quantifative results. We suggest that real-time PCR assays
detecting smalier DNA amplicons are good and reliable methods for detecting HPV genetic mate-
ral in FFPE samples.

Key words: hypopharyngeal squamous cell carcinoma, FFPE, HPV.

INTRODUCTION

Waorldwide there are approximately 600 000 new cases of
head and neck cancer registered yearly (Dayyani er al,
2010). That makes this region of the body o be the 6™ most
common for cancer to appear in. The incidence of hypopha-
ryngeal cancer is relatively low globally — 0.8 per 100 000
(1.4 in men and 0.3 in women) (Shield er al,. 2017). Most
head and neck cancers are squamous cell carcinomas
(SCC).

In the last 20 years. the association between head and neck.
especially, oropharyngeal squamous cell carcinoma and the
presence of buman papillomavirus (HPV) infection, has
been established (Gillison et al,, 2000; Gillison and Shah,
2001; Veyer er al, 2019). Globally, every year approxi-
mately 38 000 cases of head and neck cancers are consid-
cred to be HPV-related (Plummer ef al., 2016: de Martel e7
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al, 2017). HPVI16 and 18 have been generally recognised
as the most frequent causative HPV types in head and neck
cancer, particularly oropharyngeal SCC (Anonymous, 2007;
Gillison et al., 2014; 2015; de Martel er al, 2017). There is
still o pending question on the significance of the roke of
HPV infection in the development of hypopharyngeal and
laryngeal SCC (Dahm er al, 2018). It was reported that
ubout 5-7% of laryngeal cancers and as low as 0% of hy-
popharyngeal cancers were associated with high-risk (HR)
HPV infection (Combes and Franceschi 2014: Plummer er
al, 2016).

Of all head and neck SCC, hypopharyngeal manifests most
sggressively, Conventionally, diagnosis 5 made based on
histopathological examination of the tumour. Often, the
amount of tissue is limited for extended examination, in-
cluding for DNA and RNA extraction and testing. Even
greater hurdles appear when biopsy material is formalin-



fixed and embedded in paraffin (FFPE). Furthermore, DNA
appears fragmented when applying a complicated approach
for extracting nucleic acid material.

Fortunately. the development of FFPE DNA extraction kits
has allowed the use of molecular biology methods for
analysis of materials that have been stored for a long period
and have small size.

Therefore. this stody aimed to compare several methods of
HR-HPV assessment in nucleic acid material extracted from
hypopharyngeal SCC FFPE samples und to test differeat de-
tection systems.

MATERIALS AND METHODS

Clinical material. We carried out a retrospective study of
31 patients dingnosed with hypopharyngeal SCC, staged
following the TNM classification of the International Union
against Cancer (7™ edition), and treated in Riga East Clini-
cal University Hospital. Stationary Oncology Centre of Lat-
via. The patients’ dats were collected from the Hospital Ar-
chive.

Collection of biopsy samples and tissue processing. Hy-
popharynx biopsy samples from patients hospitalised in
Riga East Clinical University Hospital, Oncology Centre of
Latvia, were acquired between 2015 and 2019. All included
patients belonged to a cohort declared and approved by
Riga Stradipd University Ethics Committee (Decision No,
3/24.09.2015). The diagnosis of hypopharyngeal SCC was
histopathologically confirmed. Biopsies were taken prior o
treatment. Three to six 10 pm thick sections cut from FFPE
samples were used for DNA extmaction. Each sample was
sectioned separately with a clean blade to exclude cross-
contamination of specimens.

DNA extraction. Thirty-one hypopharyngeal SCC FFPE
samples were used for DNA extraction with a blackPREP
FFPE DNA Kir (Analytik Jena. Germany) in accordance
with the manufacturer’s protocol.

The quality and quantity of DNA were estimated spectro-
metrically (Nanodrop ND- 1000 Specirophotometer, Thermo
Fisher Scientific, Waltham, MA, USA). Bets- () globin
PCR with appropriate primers was used to determine the
quality of isolated DNA (Vandamme er al, 1995). Only
P-globin positive samples were used for further analysis.

HPYV DNA detection using MY09/11 and GP5+/6+ con-
sensus primers. Polymerase chain reaction (PCR) with
consensus primers MY®MY11 and GP5+/6+ was used to
detect the range of HR-HPV and low-nisk HPV (LR-HPV)
types (Shikova et al. 2009: Sashiner er al., 2014). The re-
sults were visualised by electrophoresss in 1.7% agarose
gel. Amplification products of 450 base pairs (bp) and 150
bp length for MY09/11 and GP5+/6+ correspondingly were
considered HPV positive. Positive and negative controls
were included in each reaction.
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Tabde 1. Primers used in the stady

Primers Sequence (5+3) A"(’l;:f"'
Comsensus pomers

MY CGTCOACIMAGRAGIGGAITIACTGATC &b
MY L GOACKCAGGGATICATAMCTIAATGG
GP5+ TTTGTTACTGTGGTAGATACTAC
GPos GAAAAATAAACTGTAAATCATATIC .
Type-specific pimers

6L TGCTAGTGCTTATGCAGCAA 152
16012 ATTTACTGCAACATIGGTAC

(L8] AAGGATGCTGOACCGGOTGA e

182 CACGCACACGCTTGGCAGGT

HPV genotyping using isolated HPV16 and HPVIS
primers. The primers used to detect HPV16 and HPVIS
specific genomic sequences are summarised in Table 1
(Shikova et al., 2009}). Amplification using HPV16 specific
primers produces 152 bp long amplicons and using HPVIS
specific primers — 216 bp amplicons. The results were
visualised by electrophoresis in 1.7% agarose gel. Reactions
were performed with the use of positive and negative con-
trols. Positive and negative controls were included in ecach
reaction,

HPV detection and genotyping by Anyplex I HPV2S,
Anyplex IT HPV2S multiplex real-time PCR {RT-PCR) was
performed as recommended by the manufacturer (Seegene,
South Korea). A specimen of 5 pl DNA was added in each
of two sets (wells) with 20-ul PCR reaction mix. Set A con-
sisted of primer mix for 14 HR-HPV types (HPVI16, 18, 31,
33, 35, 39, 45, 51, 52, 56, S8, 59, 66, and 68). and set B
consisted of primer mix for five possible HR-HPV types
(HPV26, 53, 69, 73, and 82) and ninc LR- HPV types
(HPV6, 11,40, 42, 43, 44,54, 61, and 70). Both primer sets
were designed for the HPV L1 gene and produced 100 and
200 bp long amplicons, respectively.

Melting curves were obtained at 30, 40, und 50 cycles al-
lowing semiquantitative specimen analysis and differentiat-
ing between high (+++), medium (++), or low (+) viral
loads, and there were internal positive and negative con-
trols. The kit had DNA quality control by detecting the
[*-globin gene. The results were analysed using the Scegene
Viewer software (Seegene).

HPV detection by Sacace HPV High-Risk Screen Real-
TM Quant. HPV High-Risk Screen Real-TM Quant
(Sacace Biotechnologies, ltaly) is an in vitro real-time am-
plification test for quantitative detection of HPV types 16,
18,31, 33,35, 39. 45, 51, 32, 56, 58, 39. It includes mixture
of primer for HPV groups A7. A9 (HPVI6, 18, 31, 33, 35,
39, 45, 52. 58, 59), HPV group AS (HPV5l1), and HPV
group A6 (HPV56), and has an internal control (fi-globin
gene). The kit contains gquantitative standards with the
known concentration of HPV DNA, used for calculation of
the viral load.
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Statistical data analysis. Scegene results were assessed
semiquantitatively and coded os follows: | — negative: 2 —
for +; 3 — for ++; and 4 — for +++. Viral load (copies/10°
cells) from the Sucace assay wos expressed in log,, and
submitted to statistical analysis. For negative samples, log,
random values of 0 (viral load of approximately 1 cop-
ies/10° cells) as a mean and SD of (.1 were assigned (gen-
erated with GraphPad Prism random number generator).

Cohen’s x test was used to assess agreement between the
HPV detection methods with | — indicating perfect agree-
ment; | to 0.81 — very good agreement; 0.80 to 0.6]1 — good
ugreement; and 0.60 to 0.21 - moderate to a poor agree-
ment.

The Mann-Whitney test was used 1o assess if the differ-
ences of nonparametric daty were significant. Relations be-
tween viral load (Sacace assay) and semiguantitative resalts
(Anyplex assay) were investigated using nonparametric
Spearman’s correlation analysis (Mukaka, 2012: Akoglu,
2018).

A ponlinear regression model was used to graphically as-
sess the relationship between the viral load and the
semiquantitative results of Anyplex 11 HPV2S assay.

RESULTS

Thirty-one patients with hypopharyngeal SCC were in-
cluded in this study. Most patients were male (93.5%. n =
29). with only two female patients {6.5%). The mean patient
age was 66.3 years (range 44-83.3), median — 65.2 years.
Unfortunately. all of the patients presented with advanced
disease stage — 11 (35.5%) with stage I1L. and 20 (64.5%)
— with stage IV,

DNA extraction from FFPE samples was an casy and not
time-consuming procedure when using the blackPREFP
FFPE DNA Kir. The lowest extracted DNA concentration
was 16.54 ng/pl; in most of the extracted DNA samples the
concentration was above 60 ng/pl. All extructed DNA sam-
ples were [)-globin gene-positive, which made them viable
for further analysis.

Of the 31 hypophuryngeal SCC FFPE samples, only | was
positive for HPV using MY09/11 consensus primers. In
contrast, GP5+/6+ consensus primers were much more effi-
cient with positivity of 100% (n = 31) for HPV DNA.

Funther HPV genotyping using HPV 16 and HPV1E specific
primers showed positivity for HPV 16 only. Of 31 samples,
15 (48.4%) were positive for HPV 6.

Anyplex Il HPV28 assay showed HPV positivity for 14
(45.25) samples. In one case, there was co-infection by 2
HPV types (type 16 and 56), with the remaining 13 cases
positive for HPVI6.

The Sacace HPV High-Risk Screen Real-TM Quant test
showed HPV positivity for 12 (38.7%) samples in HEX
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channel, which corresponded to the HPV A9 group (16, 31,
33, 35, 52, 58).

Comparison of HPV detection and genotyping results
between HPV 16 specific primers, Anyplex 11 HPV2S as-
say, and Sacace HPV High-Risk Screen Real-TM Quant.
The same DNA extracts from the 31 selected FFPE samples
tested by GP3+/6+ and HPV16 specific primers. were fur-
ther subjected to Anyplex 11 HPV28 assay, and Sacace HPV
High-Risk Screen Real-TM Quant assay. Valid results with
the use of both assays were obtained for all 31 biopsy sam-
ples.

Although, HPV16 specific primers” PCR and Anyplex as-
say showed similar positivity in overall count sense (15314
positive out of 31), only 9 cases were identical. The remain-
ing positive cases were discordant, meaning cases positive
in PCR with HPVI6 specific primers were negative in
Anyplex II HPV2E assay, and vice versa. We could not as-
sess the agreement of both tests because of the high p-value
of Cohen’s kappa (Cohen’s x coefficient = 0288, p =
0.156). Comparison of the results from PCR with HPV16
specific primers and Sacace assay showed a similar result
(Cohen’s x coefficient = 0.285, p = 0.149), meaning that the
agreement between these two methods could not be as-
sessed with significance.

Among the 14 HPV-pasitive samples by Anyplex assay, 11
(78.6%) were found positive by the Sacace assay. Simulta-
neously, three samples positive in Anyplex assay were neg-
ative in Sacace assay. Omne sample was positive in the
Sacace assay while negative in the Anyplex assay. The
agreement between both methods was good {Coben's k co-
efficient = 0.736, p < 0.001)

HPYV viral load. As previously mentioned. HPV High-Risk
Screen Real-TM Quant (Sacace Biotechnologies, Italy) is
an in virro real-time amplification test for quantitative de-
tection of HPV. Although it does not specifically show the
type of HPV, it has three channels for different types of
HPV. The anulysed samples showed positive signals in the
HEX channel only. which corresponded 1o HPV16.

There was » moderate positive correlation between viral
load (assessed by Sacace assay) und semiquantitative See-
gene assay results estimated semiguantitatively (Spearman’s
correlation coefficient = 0.60, C1 030-0.79, p = 0.0004),
Figure 1.
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Fig. ). Comelation between two RT-PCR assays.



DISCUSSION

All methods were used on the same DNA extracts, which
makes the results highly accurate and applicable for assess-
ment of agreement between different HPV detection meth-
ods.

As shown in different studies, the Anyplex 1T HPV2S assay
is an appropriate and dependable HPV detection method
with good sensitivity and specificity (Comall e7 al., 2017,
Del Pino et al., 2017 Baasland er al., 2019: Veyer et al.,
2019). However, there has been datz acknowledging the
need for additiona]l conformational HPVI6 genotype-spe-
cific molecular assay, especially for HPV-negative samples
(Veyer et al, 2019). In our study we were unable to surely
conclude agreement/disagreement between Anyplex IT as-
say and HPV16-specific pnmer PCR results. Simulta-
neously, we had multiple HPV16 positive samples by
HPVI6 specific primers” PCR, diagnosed as negative in
Anyplex 11 HPV2E assay and vice versa. This suggests the
need for multiple detection methods for FFPE DNA ex-
tracts.

Previous studies have demonstrated that genetic material
extracted from FFPE is highly variable in terms of DNA
quality and quantity (Lillsunde Lassson er al., 2015). Vari-
ous factors can affect the results of assessment — reagents
used in a fixation procedure. the amount of tissue submitted
to fixation and further tissue processing, etc. (Srinivasan e7
al., 2002; Ludyga er al., 2012). This applics cven more for
hypopharyngeal biopsy material. as biopsies are performed
using local anesthetic with indirect visualisation. Neverthe-
less, our results show that even small amounts of DNA con-
centration can be successfully used for HPV DNA detec-
tion.

MY09/11 consensus primers produce 450 bp long
amplicons. In our study, we had only one (of a total of 31)
HPV-positive specimens with the use of these primers. In
contrast, GP3+/6+ primers produce 150 bp long amplicons,
which resulted in 100% positivity in our study. Therefore,
we suggest that primers for shorter HPV DNA amplicons
are more beneficial, especially in fragmented DNA ex-
tracted from FFPE samples.

Our observations demonstrate that Anyplex 11 HPV28 and
Sacace HPV High-Risk Screen Real-TM Quant assays can
be used in a clinical laboratory to detect and genotype HPV
in FFPE samples. The combination of these two assays has
a beneficial effect when detecting different HPV types and
estimating the viral load.

In conclusion, it seems that RT-PCR assays detecting
smaller DNA amplicons are good and reliable for detecting
HPV genetic material in FFPE samples. However. confir-
mation of HPV detected using sdditional HPV methods
muy be applicable when searching for overall sensitivity.
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CILVEKA PAPILOMAS VIRUSA (CPV) NOTEIKSANA UN TIPESANA HYPOPHARYNX PLAKANSUNU KARCINOMAS
PARAUGOS

Hypopharyne véZa ikgadsja pasaules incklence fr apluven: 0,8 wz 100 000, Tiek wzskatits, ka aptuveni 38 000 galvies un kakly véZa
gadijumu ir CPV infekcizas izraisiti, Ir doud2 gritibu, kas sastitss ar biopsijas matersila, kas ks@ts formaling un leguldits parafing,
molekulind biologisko analizz. DNS izdalifana no &Sdiem parsugiem bieli vien ir lnkietilpiga, gritika, un i2dalits DNS nerets ir
fragmentéta. 87 patijuma merkis biga salidzingt vasrikas augsts riska CPV poteikSanas metodes no parafing blokiem izdalitggi fendtiskaja
matersilic Tika noteikia pdalitis DNS kvaludte, ki ai CPV DNS Klibiime, izmantojot vairikas CPV noteikSanas “sist@mas”. Rezuliin tika
salidziniti un statistiski analizéd. Starp diviim redild laka polimerizes kades reakajas (PKR) metodém (Aryplex 1 HPV2S un Sacace HPV
High-Rixk Screen Real-TM Quant) brja veropsma laba sukntibe. Més sevaréjim madant statistiski toumus secindjumiss par rezaliing
sakritibu starp redld laika PKR metodém un HPVI6 specifisko praimeru PKR. Daudziem paraugiem bija ne tikas identiski, bet ari pretégi
rezultits 3o metoZu hetojumi. Starp Anyplex I HPV2E puskvamitativajiem rezoltiiem un Socece Kvantitafivigiem rezoltitiem bija mérena
pozitiva koreldeija. Secinijums: redld laika PCR testy, ar kuru palidsiby var noteskt mazikes DNS amplikonus, ir labas un wzticanas
metodes CPV fenétiskil matendls noletklana paraling bloky parsugos.

Froe. Latvoas Asad. Sei, Section B, Vol 75 (M21), No. L 15
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Abstract: Human papillomavirus (HPV) was proven to play a significant role in cancer development
in the oropharynx. However, its role in the development of laryngeal (LSCC) and hypopharyngeal

cell carct & (HPSCC) remains to be clarified, High-risk HPV (HR-HPV) viral proteins
FI: and E7 are considered to be pertinent to HPV-related cardnogenesis. Hence, our aim was to
estimate LSCC and HPSCC for HR-HPV DNA, p16, and E6/E7 oncoprotein status by using molecular
virology and immunohistochemistry methods. The prevalence of HPV16 infection was 22/41 (53.7%)
and 20/31 (64.5%) for LSCC and HPSCC, accordingly. The majority of HPV16+ tumor samples
were stage [l or IV. In most samples, the presence of either HPV16 E6 or HPV16 E7 viral protein in
dysplastic or tumor cells was confirmed using immunohistochemistry. Our results suggest a high
prevalence of HPV16 as a primary HR-HPV type in LSCC and HPSCC. The lack of HPV E6/E7
oncoproteins in some tumor samples may suggest either the absence of viral integration or the
presence of other mechanisms of tumorigenesis. The utilization of p16 IHC as a surrogate marker of
HR-HPV infection is impractical in LSCC and HPSCC.

Keywords: HPV; laryny; hypopharynx; squamous cell carc ; PCR; 4 histoch

regulatory protein; E6/E7 viral oncoproteins

1. Introduction

Laryngeal and hypopharyngeal cancers belong to a large group of squamous cell
carcinomas of the head and the neck. The annual incidence of these types of tumors in the
world population exceeds 250,000 new registered cases [1]. Among these two anatomically
closely related cancers, hypopharyngeal tumors are known to be associated with worse
outcomes [2].

In the last three decades, the contribution of HPV to the development of oropharyn-
geal squamous cell carcinoma (OPSCC) was proven [3,4]. Furthermore, HPV-associated
OPSCC is reported as biologically and clinically distinct from tobacco and alcohol-related
OPSCC [5]. A better prognosis of HPV-positive (HPV+) OPSCC, compared to HPV-negative
(HPV-) OPSCC, with 80% or higher three year overall survival for locally advanced dis-
ease was confirmed [3,6-9]. Currently, the biological role of HPV in the pathogenesis of
laryngeal and hypopharyngeal squamous cell carcinomas (LSCC and HPSCC) appears
controversial and has not been sufficiently studied [10,11].

Accumulating evidence suggests the epithelium of skin and mucosa is infected
through superficial defects, and, upon establishment of viral genomes in the nucleus
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of infected cells as episomes, the early viral genes E1, E2, E6, and E7 are expressed. Fur-
thermore, HPV episomes are maintained in poorly differentiating but actively dividing
basal epithelial cells by replicating along with cellular DNA [4,12,13]. Along with the
natural upward migration and the further differentiation of epithelial cells, the productive
phase of the viral life cycle is triggered, allowing for the continued expression of E6 and
E7 in differentiating cells [14]. Therefore, from an oncogenic standpoint, high-risk HPV
(HR-HPV) E6 and E7 proteins are of the utmost importance [15].

While the viral oncoprotein E6 induces the degradation of p53, leading to the inhibition
of elimination by apoptosis in affected epithelial cells, oncoprotein E7 inactivates tumor
suppressor proteins of the pRb family, promoting the transcription of p16 [5,13,15-17].
Upon proteasomal degradation of pRb, p16 becomes overexpressed and, therefore, applica-
ble for immunohistochemical (IHC) detection of HPV-driven tumors [15,19]. The necessity
of the inclusion of p16 status when diagnosing OPSCC was confirmed by updating a TNM
Classification of Malignant Tumors, and p16 IHC proved to be a reliable and, therefore,
stand-alone test for the detection of HPV in OPSCC [5,20]. Furthermore, the eighth edition
of the AJCC Cancer Staging Manual separated HFV positive OPSCC from HPV negative
OPSCC, highlighting the biological role and the prognostic significance of p16 [21,22]. How-
ever, the question of whether HPV infection actively contributes to cancer development
needs a substantial examination [23]. The presence of the pl6-positive (pl16+) OPSCCs
in HPV-cases was demonstrated by previous studies, thus suggesting the existence of
other mechanisms of p16 overexpression [24-26]. Simultaneously, contrary conditions
demonstrating the presence of plé-negative (p16-) but HPV RNA-positive tumors were
reported [27]. This is the reason for the suggested multimodality testing for OPSCC—both
p16 and HPV DNA/ RNA detection [25].

Application of p16 for the assessment of transcriptionally active HR-HPV infection in
non-OPSCCs and discussion around it highlight the complexity arising when exploring
LSCC and HPSCC [29-31]. Currently, it is recommended that HPV testing on head and
neck cancers should be limited to assays for HR-HPV types, and it should be routinely
performed on (but also limited to) OPSCC and metastatic SCCs in neck lymph nodes from
unknown primary sites [24,30,31]. The prevalence of HPV+ HPSCC and LSCC varies
depending on region and study center reports, suggesting 5-20% of laryngeal cancers and
as little as 0" of hypopharyngeal cancers are associated with HR-HPV infection [32-35].
Previous studies validated HPV-specific testing modalities such as HPV DNA-ISH, DNA
polymerase chain reaction (PCR), mRNA RT PCR, and mRNA ISH for viral oncoproteins
E6 and E7 as well as p16 IHC, including those performed on formalin-fixed, paraffin-
embedded (FFPE) specimens in OPSCC; however, more clarity is needed to better explore
these tests applicable to LSCC and HPSCC cases [36].

This study aimed to estimate LSCC and HPSCC for HR-HPV DNA, p16, and E6/E7
oncoprotein status by using molecular virology and immunohistochemistry methods.

2. Materials and Methods
2.1. Patients’ Characteristics

Seventy-two patients, 68 (94.4%) males (median age 64.9 (range 44.2-83.3)) and 4
(5.6%) females (median age 70.8 (range 53.5-77.5)) with histologically confirmed LSCC and
HPSCC, treated at the Latvian Oncology Centre between January 2015 and August 2019,
were enrolled in the study.

The clinical data of patients included information on TNM stage, smoking and drink-
ing habits, and clinical features of the disease at the time of presentation. Forty-one of
72 patients had LSCC; for 31 patients, the primary tumor site was the hypopharynx. Most
patients (88.9%) were smokers; 15 (20.8%) were heavy drinkers [37]. The patients’ data are
summarized in Table 1.

The study was approved by the Ethical Committee of Riga Stradiné University (Deci-
sions No. 3/24.09.2015.) and conducted according to the Declaration of Helsinki.
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Table 1. Patients” characteristics,

Cases (n=72)
LSCC (e =41) HPSCC (n=31)
Sex:
Male 39 2
Female 2 2
Hazardous habits
ing 37 27
Excessive drinking B 7
Age (median) 643 659
T grade:
T 4 0
T2 8 4
T3 24 16
T4 5 11
N grade
NO 35 6
N1 4 16
N2 2 8
N3 0 1
M grade
MO 40 27
M1 1 4
Stage:
1 P 0
u 7 0
1 2 10
1\Y 8 21

22. DNA Extraction

Total DNA was extracted from either fresh frozen biopsies and surgical materials
(34 LSCC and 3 HPSCC) or FFPE tumor tissue blocks (28 HPSCC and 7 LSCC).

DNA extraction from the fresh frozen tumor tissue samples was carried out with the
phenol/chloroform extraction method.

DNA extraction from FFPE tumor samples was carried out with the blackPREP FFPE
DNA Kit (Analytik Jena, Germany) following the manufacturer's protocol. Three to six
10 um thick sections cut from FFPE samples were used for DNA extraction. Each sample
was sectioned separately with a sterile blade to exclude cross-contamination of specimens.

The concentration and the quality of the extracted DN A were measured spectropho-
tometrically (Nanodrop ND-1000 Spectrophotometer, Thermo Fisher Scientific, Waltham,
MA, USA). Beta- (§-) globin PCR with appropriate primers was used to determine the
quality of isolated DNA [38]. All samples were $-globin positive.

2.3. HPV DNA Detection Using MY09/11 and GP5+/6+ Consensus Primers

Initially, separate regular polymerase chain reactions (PCR) with consensus primers
MY9/MY11 and GP5+/6+ were used for the detection of a broad range of HPV types [39,40].
The results were visualized using 1.7% ethidium bromide electrophoreses gel. The am-
plification products of 450 base pairs (bp) and 150 bp length for MY09/11 and GP5+/6+,
correspondingly, were considered HPV-positive (Table 2). Positive and negative controls
were included in each reaction.
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Table 2. Oligoaucleotide primers used for HPV DNA detection.
Primers Sequence (5'-3') Amplicon (bp)
P-globin primers
GS 268 ACACAACTGTGTTCACTAGC
G5269 TCGTCTCCTTAAACCTGTCTTG 200
Consensus primers
MY(9 COTCCACIALAG)AGIGGA(TIACTGATC 0
MY11 GCAC)CAGGGIATICATAA(CT)IAATGG
GP5+ TTTGTTACTGTGGTAGATACTAC 50
GPo+ GAAAAATAAACTGTAAATCATATTC -
Type-specific primers
16.L1-1 TGCTAGTGCTTATGCAGCAA 152
16.11-2 ATTTACTGCAACATTGGTAC
181 AAGGATGCTGCACCGGCTGA 51
182 CACGCACACGCTTGGCAGGT 2

2.4. HPV Genotyping

Two types of primers were used: the type-specific primers for HPV 16 and 18 (L1) and
the Anyplex Il HPV2S8 multiplex real-time-PCR (RT-PCR).

Genomic sequences of HPV16 and HPV18 type-specific primers’ are summarized in
Table 2 [40]. Amplimers of 152 bp in length were produced by HPV16 primers, whereas
216 bp long amplimers were produced by HPVI1S primers. The results were visualized by
electrophoresis in 1.7% agarose gel. Each reaction included positive and negative controls.

Anyplex Il HPV28 multiplex RT-PCR was performed as recommended by the man-
ufacturers (Seegene, South Korea). In total, 5 pL of specimen DNA were added in each
of the two sets (wells) with 20 uL. PCR reaction mix. Set A consisted of a primer mix
for 14 HR-HPV types (HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68), and
set B consisted of a primer mix for five possible HR-HPV types (HPV26, 53, 69, 73, and
82) and nine LR- HPV types (HPV6, 11, 40, 42, 43, 44, 54, 61, and 70). Both primer sets
were designed for the HPV L1 gene and produced 100 and 200 bp amplicons, accordingly.
Melting curves allowing the semiquantitative assessment and the differentiation between
high (+++), moderate (++), or low (+) viral load were obtained at 30, 40, and 50 cycles and
had positive and negative internal controls.

The kit had DNA quality control detecting the -globin gene; all analyzed samples
were f-globin positive. The results were analyzed using the Seegene Viewer software
(Seegene, South Korea).

2.5. Immunohistochemistry

LSCC specimens were obtained during laryngectomy and cordectomy. A small piece
of surgically obtained LSCC was further processed for molecular testing, whereas the
remaining material as a FFPE tissue was submitted to IHC.

In contrast, HPSCC specimens were mostly obtained during a biopsy procedure and
further processed as FFPE tissue samples at Latvian Oncology Centre. Only tumor tissue
samples confirmed by histopathological examination as HPSCC were used in the study.

HPV 16 E6/E7 proteins and p16 were assessed immunohistochemically. Histological
sections of 4-5 pm were cut from FFPE tissues and mounted on slides. The consecutive
sections were used as negative controls of the immunohistochemical reactions and for
hematoxylin and eosin (H&E) staining to confirm the diagnosis. Immunochistochemistry
(IHC) was performed manually using sections collected on SuperFrost Plus slides (Gerhard
Menzel GmbH, Germany). Immunostaining was carried out following the previously used
IHC protocol [41,42].

The sections were incubated at 4 °C overnight with the following primary antibod-
ies: monoclonal mouse anti-CDKN2A /p16INK4a antibody (Abcam, Cambridge, UK,
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1:300 dilution, ab201980); monocional mouse anti-HPV16 E6 + HPV18 E6 antibody (Abcam,
Cambridge, UK, prediluted, ab51931), which recognize the HPV early antigen E6 of HPV
16 and 18 [43—45]; mouse monoclonal anti-HPV16 E7 antibody (Santa Cruz Biotechnology,
Inc, Santa Cruz, CA, USA, 1:50 dilution, sc-6981).

The amplification of the primary antibody and the visualization of reaction products
were performed by applying the HiDef Detection HRP Polymer system and diaminobenzi-
dine tetrahydrochloride substrate kit (Cell Marque, Rocklin, CA, USA). The sections were
counterstained with Mayer’s hematoxylin, washed, mounted, and covered with coverslips.
The immunohistochemical controls included the omission of the primary antibody. The
assessment of immunostaining was performed by two independent observers blinded to
clinicopathological data.

The sections were photographed by a Leitz DMRB bright-field microscope using a
DFC 450C digital camera or scanned with a Glissando Slide Scanner (Objective Imaging
Ltd., Cambridge, UK) with a 10x, 20 %, and 40 x objective.

Cells that were labeled with anti-CDKN2A /p16INK4a, anti- HPV16 E6 + HPVI8 E6,
and anti-HPV16 E7 antibody and that displayed brown reaction products were considered
immunopositive.

The assessment of immunostaining of p16 was carried out by determining positive
vs. negative structures with a cut-off at 50% tumaor cells independently of the reaction
proposed by Hong et al, (2013) [46]. The immunostaining assessment for E6 and E7 viral
proteins was performed semiquantitatively in 20 randomly selected visual fields of each
sample (magnification 400 x) representing the tumor and the surface epithelium of the
regions of interest. The levels of E6 and E7 were graded as negative—0%, weak—<10%,
moderate—11-50%, and strong—>50%, respectively.

2.6. Immunofluorescence

To better visualize the cellular distribution and the localization of the HR-HPV16 E7
oncoprotein, the tumor tissue specimens were processed for fluorescence-based immun-
odetection. The sections immunoreacted with mouse monoclonal anti-HPV16 E7 antibody
{Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA, 1:50 dilution, sc-6981) overnight at
4 °C were washed in PBS and incubated with goat anti-mouse 1gG-FITC: s¢-2010 (Santa
Cruz Biotechnology, Inc., Santa Cruz, CA, USA 1:300) as the secondary antibody. Then,
sections were counterstained with 4’ 6-diamidino-2phenylindole (DAP) (Thermo Fisher
Scientific, Invitrogen, Renfrew, UK, 1:3000) and mounted in Prolong Goid with DAPI
{Thermo Fisher Scientific, Waltham, MA, USA). Imaging was performed using an Eclipse
Ti-E confocal microscope (Nikon, Tokyo, Japan).

The workflow of the present study is summarized in Appendix A.

2.7. Statistical Data Analysis

All the statistical analyses were performed using the GraphPad Prism 9 (demo,
GraphPad Software, La Jolla, CA, USA). Anderson-Darling, D’Agostino and Pearson,
and Shapiro-Wilk normality tests were applied to assess numerical data distribution. The
comparison of means between different groups of numerical variables was performed
using one-way ANOVA. For data with a non-Gaussian distribution, Kruskal-Wallis or
Friedman's test (for paired groups) followed by the two-stage step-up method of Benjamini,
Krieger, and Yekutieli as a false discovery rate controlling test were used. To compare nu-
merical values between two groups, the Mann-Whitney test or the Wilcoxon test (for pared
groups) was applied. The relations between the analyzed groups were investigated using
nonparametric Spearman’s correlation analysis [47]. The IHC results were expressed as
violin plots and stacked bar graphs, and a p-value of less than 0.05 (p < 0.05) was considered
statistically significant.
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3. Results
3.1. HPV DNA Detection Using MY09/11 and GP5+/6+ Consensus Primers

Eleven (15.3%) out of 72 tumor samples were positive for HPV genomic sequences
using PCR with MY9/11 consensus primers. In turn, 55 (76.4%) samples demonstrated
positivity using PCR with GP5+/6+ primers. By summing up, when tested with cansensus
PCRs, 61 (84.7%) tumor tissue samples were found positive for HPV DNA—31 HPSCC
and 30 LSCC samples.

3.2, HPV Genotyping Using HPV16 and HPVIS L1 Primers

All the tumor tissue samples (n = 72) were subjected to HP'V genotyping using HPV16
and HPVI1S L1 primers. A total of 2/72 tumor tissue samples (both LSCC), paositive when
detected by HPV16 L1 primers, were negative in consensus PCRs. No specific HPV-18
genomic sequence was found in any of the samples.

Overall, 26/72 (36.1%) samples were positive for HPV16—10 LSCC and 16 HPSCC
samples. In total, 63 HPV+ samples were considered applicable for further analysis; among
them, 61 were selected using consensus PCRs, whereas 2 additional samples were selected
by HPV16 L1 PCR.

3.3. Detection of HPV Using Anyplex Il HPV28 RT-PCR

All 63 HPV-positive samples confirmed using either consensus primers or HPV16-
specific primers were further explored by Anyplex Il HPV28 multiplex RT-PCR. All samples
were (-globin positive (internal control). When assessed by Anyplex Il HPV28 multiplex
RT-PCR, 28/63 samples were HPV-negative. HPV16 monoinfection was confirmed in
32/63 samples, whereas HPV16 and HPV31 coinfection was confirmed in 2/63 samples,
and HPV16 and HPV36 coinfection in 1/63 samples. When HPV+ samples were stratified
by the location, 19 LSCC and 13 HPSCC presented as HPV16+, 2 LSCC presented as
demonstrating HPV16 and HPV31 coinfection, and 1 HPSCC presented as demonstrating
HPV16 and HPV56 coinfection.

Interestingly, seven (one LSCC and six HPSCC) HPV16+ tumor tissue samples, con-
firmed by applying HPV16 L1 PCR, were negative according to Anyplex 1l HPV28 RT-PCR,
thus contributing to a total number of 42/72 (58.3%) HPV16+ samples. The prevalence of
HPV16 infection, including multiple infections in a sample, was 22 of 41 (53.7%) for LSCC
and 20 of 31 (64.5%) for HPSCC (Supplementary Table 51). Most of the HPV16+ samples
were stage 1l or IV tumors (Figure 1a).

Twenty-one HPV16+ samples presented with low, nine with moderate, and two with
high viral load, respectively, when detected using the Anyplex Il assay. The presence of
multiple HPV infections was confirmed in three samples (one HPSCC and two LSCC). A
low viral load for both HPV types was established in the HPSCC sample presented with
HPV16 and 56 coinfections. Similarly, a low viral load for both HPV types was confirmed in
the LSCC sample presented with HPV16 and 31 coinfections. By contrast, a low viral load
was confirmed for HPV16, whereas a high viral load was confirmed for HPV31, assessed
in the remaining L.SCC sample with HPV 16 and 31 coinfections, thus suggesting the
dominance of HPV31. The HPV16 RT-PCR data are summarized in Figure 1b.

In most LSCC samples (12/22), the expression of the E6 oncoprotein in the tumor mass
was low (Figure 3a). By contrast, a dysplastic epithelium demonstrated an almost equal
distribution of expression levels; six, five, and seven cases presented with levels <10%,
11-50%, and >50%, respectively. In 3/22 cases, dysplastic epithelial cells were E6-negative;
however, among three tumors, two neoplasms presented with low immunopositivity
(Figure 3b). In most specimens, positive staining in the invasive front of tumor mass
was noticed, commonly presented as the decoration of the suprabasal cells (Figure 2c).
Furthermore, the expression of the HPV E6 viral protein in the endothelial cells of small
blood vessels was demonstrated (Figure 2b,c).
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of HPV16+ tumor samples according to location and disease stage. (b) Distribution of HPV16+ samples according to
location and Anyplex assay results; O—negative, +—low viral load, ++—maoderate viral load, +++—high viral load.
(¢) Cross-reference of p16 and HPV status.

3.4, tmmunohistochemical Detection of p16™V%%

Immunohistochemically, the expression of p16INK4a was confirmed in 11.1% of the
tumor tissue samples. Qut of 41 LSCC and 31 HPSCC, in six and two samples, respectively,
were found pl6+. Cross-referencing pl6 and HPV status, the tumors were stratified
as follows: 7/72 (9.7%)—p16+/HPV+, 1/72—pl16+/HPV-, §/72 (11.1%)—p16-/HPV-,
and 56/72 (77.8%)—p16-/HPV+. Most of the pl6+/HPV+ tumors were LSCC (n = 6),
whereas two were HPSCC (Figure Ic). The only p16+/HPV- tumor was LSCC. Six out
of seven p16+/HPV+ tumors had HPV16 mono-infection, whereas one had HPV16 and
31 coinfections. A total of 35 out of 56 p16-/HPV+ tumars, 27 LSCC and 29 HPSCC, were
positive for HPV16 when explored by Anyplex Il RT-PCR and HPV16 L1 primers’ PCR,
whereas two had the aforementioned HPV coinfections.

3.5, Immunohistochemical Detection of HPV16 E6 and E7 Oncoproteins in LSCC and HPSCC

The immunohistochemical detection of HPV16 oncoproteins E6 and E7 in 42 FFPE
(22 LSCC and 20 HPSCC) samples was based on the primary recognition of HPV16 as the
main HPV type when applving molecular virology assays.

The expression of E6 in HPV16+ LSCC specimens was detected in 21 of 22 cases. The
immunoreactive structures were revealed both within the tumor mass and the surface
epithelium of the region of interest, demonstrating dysplastic features. One specimen con-
tained only the tumor nest. In 3/22 cases, immunoexpression of HPV16/18 E6 oncoprotein
in the tumor mass was strong (>50%); furthermore, among them, 2/22 cases presented
with strong positivity in a dysplastic epithelium (Figures 2a and 3a,b).
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Figure 2. Immunohistochemical detection of HPV16/18 E6 oncoprotein: (a) LSCC, tumor cords and nests composed of
diffusely distributed E6 protein-positive cells interspersed by the Es oncoprotein-negative cells; (b) LSCC, differentiated
suprabasal tumor cells demonstrating abundant HPV16 E6-positive cytoplasm and polymarphous nuclei (orange arrows),
Eb-positive endothelioeytes (black arrows) within a tumor stroma; (¢) LSCC, HPV16/18 Eb positivity in suprabasal,
more differentiated tumor cells; E6-positive endothelial cells (black arrows); (d) HPSCC, densely packed tumor cords
demonstrating HPV16 Eb oncoprotein positivity, almost exclusively in more differentiated cells.

HPV16 E7 protein immunoexpression was confirmed in 20/21 LSCC specimens
(Figure 3¢). In two cases, the specimen did not contain an epithelial region, being predomi-
nantly tumor. In one case, there was not enough material for suitable immunohistochemical
detection of the HPV16 E7 protein. Cells labeled by the HPV16 anti-E7 antibody commonly
displayed a nuclear staining pattern and rarely showed nuclear and cytoplasmatic staining
pattern. The presence of HPV16 E7 oncoprotein expression was confirmed in an affected
epithelium, both stratified squamous and pseudostratified ciliated (Figure 4a). Dominant
immunostaining was confirmed in basal and suprabasal cells {(Figure 4b). Strong immu-
noexpression of the HPV16 E7 oncoprotein in the tumor nests was found in 8/21 LSCC
samples (Figure Jc,d and Figure 4c). Finally, HPV16 E7 oncoprotein immunopaositivity was
demonstrated along an intimal aspect of small blood vessels.

Eighteen out of 20 HPSCC samples were HPV16 E6 oncoprotein positive. However,
immunohistochemically HPV16 E6 positivity in a tumor mass was confirmed in 13/20 cases
(Figure 3e.f). In most samples, cytoplasmatic immunoexpression of the HPV16 E6 onco-
protein within the dysplastic epithelium was evidenced. Commonly, the expression of the
HPV16 E6 oncoprotein within a tumor mass was low. Immunostaining within differenti-
ated tumor cells was also demonstrated (Figure 2d). Similar to the LSCC samples, some
endothelial cells were found to be HPV16 E6-positive.
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Figure 3. Assessment of viral oncoproteins Eb and E7 in HPV16+ laryngeal (a-d) and hypopharyngeal (e-h) tumaor tissue
samples using IHC and statistics: (a,¢) characterization of HPV oncoprotein E6 (a) and E7 (¢) immunoexpression within a
tumor mass and dysplastic epithelium of LSCC samples; (b,d) the THC expression levels for HP'V oncoprotein E6 {b) and E7
(d) in a tumor mass assessed in relation to the levels in a dysplastic epithelium of the corresponding LSCC sample; (e,g)
characterization of HPV oncoprotein E6 (e) and E7 (g) immunoexpression within a tumor mass and dysplastic epithelium
of HPSCC samples; (£h) the IHC expression levels for HPV oncoprotein E6 (f) and E7 (h) in a tumor mass assessed in
relation to the levels in a dysplastic epithelium of the corresponding HPSCC sample. Violin plots: asterisks represent a
significance level (ns—non-significant, * p < 0.05, ** p < 0.01) of differences between groups (two-tailed Wilcoxon test);
stacked bar graphs—crosstab analysis, triangles (4) represent a sample lacking an epithelial region suitable for assessment
and, therefore, were excluded from crosstab analysis.
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Figure 4. Immunohistochemical detection of HPV16 E7 oncoprotein: {a) ESCC, tumor cells within a nest and some surface
cells (orange arrows) demonstrating nuclear HPV16 E7 positivity; (b) LSCC, numerous HPV16 E7-positive cells displaying

lear immunostaining pattern; (¢} LSCC, highly polymorphous HPV16 E7-positive tumor cells demonstrating nearly total

nuclear decoration; (d) HPSCC, numerous HPV16 E7-positive cells displaying nudear immunostaining pattern, endothelial

(orange arrow) cells.

An even smaller number of HPV16 E7 oncoprotein positive HPSCC cases were found
when compared to HPV16 Eb-positive cases, represented by 13/20 cases (Figure 3gh).
Furthermore, a positive reaction within a tumor mass was confirmed in 9/20 cases. Among
them, a strong tumor immunoreaction was demonstrated in 2/20 HPSCC samples. The
expression was nuclear only. In differentiated suprabasal cells and endothelial cells, a
positive HPV16 E7 oncoprotein reaction was found (Figure 4d).

Collectively, the immunoexpression of HPV16 E6/E7 oncoproteins within a tumor
mass was not confirmed in 7/42 samples (one LSCC and six HPSCC). Five of these samples
were HPV16+ with the Anyplex RT-PCR and two with HPV16 L1 PCR, all of them p16-.
Immunohistochemically, only one HPSCC and one LSCC sample were both HPV16 E6 and
E7 oncoprotein negative; simultaneously, the HPSCC sample was HPV16+ by HPV16 L1
PCR and the LSCC sample by Anyplex RT-PCR. Matched HPV16 E6/E7 positivity was
demonstrated in 2/42 samples within the dysplastic epithelium. No significant differences
in tumoral or dysplastic epithelial HPV16 E6/E7 oncoprotein expression were found,
except a significant difference demonstrated for E6 oncoprotein positivity in the HPSCC
samples (Figure 3e). Overall, a similar tendency of HPV oncoprotein E6/ E7 expression
was demonstrated within a tumor mass and the dysplastic epithelium in both LSCC and
HPSCC (Figure 3a,c.g).

111



Virnses 2021, 13, 1008 1tof 17

The results of semiquantitative RT-PCR and IHC E6/E7 oncoprotein immunoexpres-
sion were further submitted to nonparametric correlation analysis. A moderate positive
correlation (rg = 0.445, p = 0.056) between semiquantitative RT-PCR and HPV16 E7 IHC data
was demonstrated in the LSCC tissue samples, particularly in the dysplastic epithelium.
Additionally, there were weak-to-moderate positive correlations found in the HPSCC tissue
samples; however, they failed to reach statistical significance (Supplementary Figure S1).

Additionally, we performed nonparametric correlation analysis of pl6 and E6/E7
IHC, HPV16 L1 PCR, and Anyplex RT-PCR results. No statistically significant correlations
Figure S2).

To ensure better visualization of the E7 oncoprotein, in addition to bright-field optics,
fluorescence-based immunodetection was applied. By immunofluorescence, the presence
of HPV16 E7 was confirmed in the cytoplasm and the nuclei of the tumor cells (Figure 5).
Notably, nuclear E7 immunopositivity was confirmed and found to be in agreement with
the bright-field optics observations; however, the intensity of staining greatly varied.
I'he cytoplasmic E7 oncoprotein targeted was expressed in occasional or multiple cells

constituting a tumor mass.

Figure 5. Detection of HPV16 protein E7 by immunofluorescence, confocal mic roscopy, DAPI—blue, HPV16 E7 immunopos-
itive products—green (a,b) HPV1e E7 positive tumor cells, displaying chiefly cy !upl.a\mn positivity; (c.d) HPV16 E7

positive tumor cells, displaving cytoplasmic and nuclear positivity.
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4. Discussion

According to the available data, around 20%: of LSCC and 5% of HPSCC are at-
tributable to HPV infection in the USA [45]. In Europe, the incidence of HPV+ head and
neck cancer is lower [33]. However, it is higher in developed countries, such as the United
Kingdom, Denmark, and Germany, than in less developed ones (mostly Eastern European
countries) [49-51]. This difference may be explained by different lifestyles, preferences,
and sexual habits. Notably, smoking, recognized as a significant factor influencing the de-
velopment of head and neck cancer, is a common hazard in Latvian society [52]. However,
the present study suggests a role of HPV in the carcinogenesis of non-oropharyngeal cancer
and points at HPV16 being a predominant HPV type confirmed in LSCC and HPSCC.
These results are consistent with the data published by other authors [33,53,54].

This study highlights the high incidence of HPV+ tumors and HR-HPV's role in
the pathogenesis of HPSCC and LSCC in Latvia when compared to Europe and North
America. Higher prevalence of HPV16 + tumors—53.7% and 64.5% in LSCC and HPSCC,
respectively, were demonstrated in the given study. However, the question of whether HPV
infection in the tumor tissue is transcriptionally active needs further extensive investigation
and remains open [55]. In this context, the detection of HPV E6/E7 mRNA in LSCC and
HPSCC tissue samples may add clarity to this problem [56]. The other problematic issue is
the necessity of better distinction between primary tumors and those that are an extension
from different sites, for example, the oropharynx, which is generally considered to be most
associated with HPV infection [33]. Often, in the late stages of the disease, it is hard to
distinguish the primary tumor site. Therefore, optimization of diagnostic accuracy at the
early and especially at the late stages of the malignant process is of pivotal significance. In
this study, we confirmed the presence of HPV16 in a large portion of LSCC and HPSCC
characterized as stage I1l and 1V tumors, thus suggesting a possible linkage between the
late stage of a tumor and a higher prevalence of HR-HPV infection. This evidence is
in agreement with the results published by other authors reporting on the late stages
of hypopharyngeal cancer presenting with a high prevalence of HR-HPV infection [57].
Further studies unraveling the intimate relationships between the stage of neoplasm and
HPV status could be of interest.

To the best of our knowledge, few studies previously explored the presence of HPV
oncoproteins E6 and E7 in tumor and dysplastic epithelial cells by IHC [58-60]. Previ-
ously, some HPV DNA and RNA in situ hybridization results obtained by other authors
using FFPE samples and conventional light microscopy were reported [5,30,61]. In this
study, FFPE samples selected from the HPV16+ tumors (n = 42) detected by molecular
biology methods were used. Most HPV16+ samples demonstrated either oncoprotein
E6/16 or E7/16 positivity. However, the absence of oncoprotein E6/E7 immunostaining,
evidenced in some samples, is likely to suggest other, non-HPV-related mechanisms of
tumor development.

The given study aimed to report on the peculiarities of tumorigenesis in the larynx
and the hypopharynx and the likely differences between these two sites, highlighting
HR-HPV DNA, p16, and E6/E7 oncoprotein status assessed using molecular virology and
IHC methods. Even though most correlations failed to reach statistical significance, weak
to moderate positive correlations between the molecular virology and the IHC results may
indicate active HPV infection in these samples. However, the data about the activity of
HPV infection (detection of viral mRNA) could clarify this hypothesis. In this study, PCRs
confirmed the presence of HPV DNA in the LSCC and HPSCC samples; still, the molecular
virology methods applied failed to distinguish between active and latent infection. On
the other hand, the presence of HPV E6/E7 proteins, known as significant contributors to
tumor development, suggests active participation of HR-HPV infection in tumorigenesis.

Interestingly, in some HPV16+ specimens, tumor cells stained negative for HPV16
E6/E7 oncoproteins, whereas dysplastic epithelium stained positive. Finally, some en-
dothelial cells were found to be positive for HPV16 E6/E7 proteins. These results reflect
the limitations of PCR assays, which do not specify the source of the genetic material. In
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general, the presence of HR-HPV E6 andE7 oncoproteins suggests a possibility of cancerous
transformation of these cells. Viral integration and dysregulation of E6 and E7 gene expres-
sion is a common tumorigenesis mechanism confirmed in HPV-related cancers in general
and in cervical cancer in particular [16,62]. However, in HPV-associated head and neck
SCCs, viral integration occurs less regularly. In these tumors, dysregulation of the E6/E7
genes can be induced in the episomal state, for example, by the disruption of the HPV E2
binding sites by methylation [63-65]. The lack of HPV16 E6/E7 oncoproteins in the tumor
cells and, contrarily, the appearance of these in dysplastic epithelial and endothelial cells
demonstrated in our study may reflect the absence of HPV integration. In the advanced
tumor stages, viral DNA could be cleared from the tumor itself. Other mechanisms of
tumorigenesis could also exist.

Some authors suggested that HR-HPV infection may contribute to laryngeal carcino-
genesis via integration of the viral DNA in the hast cell genome and a further increase
in p16 expression [66]. In this study, however, high numbers of p16-/HPV+ specimens
in LSCC and HPSCC patients were demonstrated. Furthermore, there were no signifi-
cant correlations found between the p16, E6/E7 IHC, and PCR data. These results are in
agreement with other authors, suggesting p16INK4a can be used as a surrogate marker
of HPV infection in OPSCC but appears impractical in laryngeal and hypopharyngeal
cancers [31,67,68].

The use of broad spectrum of HPV-specific tests such as HPV DNA PCR, detection of
HR-HPV and LR-HPV types, along with IHC staining of HPV surrogate marker p16 and
viral oncoproteins E6/E7, confirmed by conventional and fluorescence-based immunode-
tection methods, may be considered as the strength of this study. A few limitations should
be considered when interpreting our data. A moderate number of samples were used in
this study. The second limitation is related to the absence of HPV mRNA data. These data
would be of interest, bringing clarity to the question regarding the activity of HPV infection
in analyzed tumors. Finally, some imbalance in gender and tumor stage characteristics, but
not affecting the overall results, should be explained by the legal norms and the inclusion
criteria used in the given study.

5. Conclusions

In conclusion, this study based on HPV testing assays and a robust platform of IHC
methods used to further explore pl6 status and the presence of viral oncoproteins E6/E7
confirmed a high prevalence of HPV16 genotype in laryngeal and hypopharyngeal cancers.
The absence of the HPV E6/E7 oncoproteins in some tumor samples suggests a mechanism
different from the viral integration tumorigenesis mechanism. Unlike in OPSCC, the
application of p16 IHC as a surrogate marker of active HR-HPV infection in LSCC and
HPSCC appears impractical.

Supplementary Materials: The following are available online at hitps:/ /www.ndpleom /article/
10,3390/ v 13061008/ 51, Table S1: The results of different PCRs, Figure S1: Caorrelation between the
Anyplex ILHPV 28 assay semiquantitative (viral load) data and viral E6/E7 oncoprotein expression
determined immunchistochemically in LSCC and HPSCC tissue samples, Figure 52: Correlation
between the p16 THC results, viral E6/E7 oncoprotein expression determined immunohistochemically,
and PCR results in LSCC and HPSCC tissue samples.

Author Contributions: Conceptualization, AL methodology, AL, V.G. and M.C.; formal analysis,
AL investigation, AL, M.C;; resources, AL, RD.and M.C; data curation, A.L.; writing—original
draft preparation, AL, writing—review and editing, AL, V.G, MM., SS. and M.C.; visualization,
AL and S5 supervision, V.G, MM, M.C_and 55.; project administration, AL, V.G, MM,; All
authors have read and agreed fo the published version of the manuscript.

Funding: This research received no external funding,

Institutional Review Board Statement: The study was approved by the Ethical Commuttee of Riga
Stradind University (Decisions No. 3/24.092015.) and conducted according to the Declaration
of Helsinki.

114



Viruses 2021, 13, 1008

Wof 17

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

Acknowledgments: The authors would like to thank the Riga Strading University Department of
Doctoral studies for reagents and publishing support. We would also like to thank Elza Rate, MD at
the Department of Head and Neck Surgery, Oncology Centre of Latvia, for additional support with
the collection of some tumor specimens. We are grateful to Simons Svirskis for his valuable help with
statistical analysis.

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

Appendix A

PCR with MY 0911

PCR with HIW16 Lt and GPS+/6+
primens Comsnsus primers
(N of positives=26) (N o positivessa1 |
+2 HPV e samples inegaiive in commemms |
) =
HPV+ samples
(n=63)
Anyplex [T HPVA
multiplex RT-PCR
N of positives=3553
\_]— /
Ly irviee Son aogpibry with Asyjden HPV16 » samplos
assay) (n=42)
ﬁ—'
[ |
HC i
HIPV16 B6 protesn HPV16 B7 protein plonte
(ed2) (=42} (73)
) \

Figure AL The workflow scheme of the study.

115



Viruses 2021, 13, 1008 150f 17

References

L
2

3.

10.

11

12

13.

14

15.

16

17.

18.

19.

21

24

Cancer Today. Available online: hitp-/ /oo darc fr/ today /home (accessed on 24 April 2021).

Liu, ) Zhu, W 14, Z.; Cai, G Wang, | Tang, Q.; Maroun, C.A; Zhu, G. Proteomic Analysis of Hypopharyngeal and Laryngeal
Squamous Celdl Carcinoma Sheds Light on Differences in Survival. Sci. Rep. 2020, 10, 19459, [CrossRef] [PubMed]

Chaturvedi, AK.; Engels, EA; Pleiffer, RM_; Hernandez, B.Y.; Xiao, W.; Kim, E; Jiang, B.; Goodman, M.T.; Sibug-Saber, M_;
Cozen, W.; et al. Human Papillomavirus and Rising Oropharyngeal Cancer Incidence in the United States. |. Clin. Oncol. 2011, 29,
42044301, [CrossRef] [PubMed]

Mac, M.; Moody, CA. Epigenetic Regulation of the Human Papillomavirus Life Cycle. Pathogens 2020, 9, 483, [CrossRef]
[PubMed]

(i, |.; Preeshagul, LR ; Sheikh-Fayyaz S Teckie, S; Kohn, N.; Ziemba, Y,; Laser, A; Frank, D.; Ghaly, M_; Kamdar, D.; et al.
Evaluating of HPV-DNA ISH as an Adjunct to P16 Testing in Oropharyngeal Cancer. Future Sci. OA 2020, 6. [CrossRef]
Elrefaey, 5. Massaro, M.A . Chiocca, S.; Chiesa, F; Ansarin, M. HPV in Oropharyngeal Cancer: The Basics to Know in Clinical
Practice. Acta Otorhinolaryngel lial. 2014, 34, 299-309.

Mirghani, H.; Lang Kuhs, KA Waterboer, T. Bi kers for Early Identification of Recurtences in HPV-Driven Oropharyngeal
Cancer. Oral Oncol. 2018, 82, 108-114. [CrossRei]

Craig, S.G.; Anderson, LA Schache, AG.; Moran, M.; Graham, L.; Currie, K Rooney, K.; Robinson, M.; Upile, N.S.; Brooker,
R et al. Recommendations for Determining HPV Status in Patients with Oropharyngeal Cancers under TNMS Guidelines: A
Two-Tier Approach. Br, |. Cancer 2019, 120, 827-833. [CrossRef]

Huang, SH; Perez-Ordonez, B.; Weinreb, L; Hope, A_; Massey, C.; Waldron, |.N_; Kim, |.; Bayley, A J.; Cummings, B.; Cho, BCJ;
et al. Natural Course of Distant Metastases Following Radiotherapy or Chemoradiotherapy in HPV-Related Oropharyngeal
Cancer. Oral Oncol. 2013, 49, 79-85. [CrossRed]

Dahm, V; Haitel, A; Kaider, A_; Stanisz, L; Beer, A; Lill, C. Cancer Stage and Pack-Years, but Not P16 or HPV, Are Relevant
for Survival in Hypopharyngeal and Laryngeal Squamous Cell Carcinomas. Eur. Arch. Olorhinolaryngol. 2018, 275, 1837-1843.
[CrossRef]

Gallo, A ; Degener, AM.; Pagliuca, G.; Pierangeli, A; Bizzoni, F; Greco, A.; de Vincentiis, M. Detection of Human Papallomavirus
and Adenovirus in Benign and Malignant Lesions of the Larynx. Otolaryngol. Hemd Neck Surg. 2009, 141, 276-281. [CrossRef]
Ferresra, AR Ramalho, A C.; Marques, M.; Ribeiro, D. The Interplay between Antiviral Signalling and Carcinogenesis in Human
Papillomavirus Infections. Cancers 2020, 12, 646. [CrossRef]

Graham, S.V; Faizo, A A A. Control of Human Papillomavirus Gene Expression by Altemative Splicing. Virus Res. 2017, 231,
83-95. [CrossRef]

Moody, C. Mechanisms by Which HPV Induces a Replication Competent Environment in Differentiating Keratinocytes. Viruses
2017, 9, 261. [CrossRef]

Bodily, J.; Laimins, LA. Persistence of Human Papillomavirus Infections: Kevs to Malignant Progression. Tremids Microbiol. 2011,
19, 33-39_ [CrossRef]

Miinger, K; Baldwin, A_; Edwards, KM.; Hayakawa, H.; Nguyen, C.L; Owens, M.; Grace, M.; Huh, K. Mechanisms of Human
Papillomavirus-Induced Oncogenesis. | Virol. 2004, 78, 11451-11460. [CrossRed]

Yeo-Teh, NS.L; Ito, Y; Jha, S. High-Risk Human Papillomaviral Oncogenes E6 and E7 Target Key Cellular Pathways to Achieve
Oncogenesis. Int. [. Mol. Sci. 2018, 19, 1706. [CrossRef]

Smeets, S.J.; van der Plas, M.; Schaaij-Visser, T.BM.; van Veen, EAM.; van Meerloo, |.; Braakhuis, BJ.M.; Steenbergen, RDM;
Brakenhoff, R H. Immortalization of Oral Keratinocytes by Functional Inactivation of the P53 and PRb Pathways. Int. |. Cancer
2011, 128, 1596-1605. [CrossRei]

McLaughlin-Drubin, MLE; Park, D.; Munger, K. Tumor Suppressor PIGBINKAA [s Necessary for Survival of Cervical Carcinoma
Cell Lines. Proc. Natl. Acad. Sci. USA 2013, 110, 16175-16180. [CrossRef]

Amin, M.B.; Greene, EL; Edge, S.B.; Compton, C.C_; Gershenwald, |.E.; Brookland, RK.; Meyer, L; Gress, DM.; Byrd, DR
Winchester, D.P. The Eighth Edition AJCC Cancer Staging Manual: Continuing to Build a Bridge from a Population-Based to a
More “Personalized” Approach to Cancer Staging. CA Cancer |. Clin. 2017, 67, 93-99. [CrossRef]

Zanoni, D.K.; Patel, $.G.; Shah, ].P. Changes in the 8th Edition of the American Joint Committee on Cancer (AJCC) Staging of
Head and Neck Cancer: Rationale and Implications. Curr. Oncol. Rep. 2019, 21, 52. [CrossRef]

Kato, M.G.; Baek, C-H.; Chaturvedi, P; Gallagher, R.; Kowalski, LP; Leemans, CR.; Wamakulasuriya, S; Nguyen, S.A; Day, TA.
Update on Oral and Oropharyngeal Cancer Staging—International Perspectives. World [. Otorfimolinryngal. Head Neck Surg. 2020,
6, 66-75. [CrossRef] [PubMed]

Augustin, | Mandavit, M; Outh-Gaver, S5; Grard, O.; Gasne, C; Lépine, C; Mirghani, H; Hans, S; Bonfils, P; Denize, T.; et al.
HFPV RNA CISH Score Identifies Two Prognostic Groups in a P16 Positive Oropharyngeal Sq Cell Carci Population.
Muoders Pathology 2018, 31, 1645-1652. [CrossRef] [PubMed]

Bishop, ].A.; Lewis, |.5.; Roceo, J.W.; Faquin, W.C. HPV-Related Squamous Cell Carcinoma of the Head and Neck: An Update on
Testing in Routine Pathology Practice. Semin. Diagn. Pathol. 2015, 32, 384-351. [CrossRef] [PubMed]

Rietbergen, MM.; Snijders, P)LE; Beekzada, D.; Braakhuis, BJM.; Brink, A.; Heid D.AM.; Hesselink, A.T; Witte, B1;
Blc E; Baatenburg-De Jong, R]; et al. Molecular Characterization of Pl6-Immunopositive but HPV DNA-Negative
Oropharyngeal Carcinomas. Int. [. Cancer 2014, 134, 2366-2372. [CrossRed] [PubMed]

116



Vireses 2021, 13, 1008 160£17

&

47

49.

Schache, A.G.; Liloglou, T; Risk, | M.; Filia, A ; Jones, TM.; Sheard, |.; Woolgar, LA Helliwell, T.R; Triantafyllou, A ; Robinson,
M.; et al. Evaluation of Human Papilloma Virus Diagnostic Testing in Oropharyngeal Sq Cell Carci : Sensitivity,
Specificity, and Prognostic Discrimination. Clin. Cancer Res. 2011, 17, 6262-6271. [CrossRef] [PubMed]

Hoffmann, M.; Tribius, 5.; Quabius, ES.; Henry, H.; Plannenschmidt, S.; Burkhardt, C.; Gorogh, T Halee, G.; Hoffmann, AS.;

Kahn, T et al. HPV DNA, E6*I-MRNA Expression and P16INK4A 1 histochemistry in Head and Neck Cancer—How
Valid Is P16INK4A as Surrogate Markes? Cancer Left. 2012, 323, 88-96. [CrossRef] [PubMed]
Robinson, M_; Sloan, P; Shaw, R. Refining the Diagnosis of Oropharyngeal Sq Cell Carci Using Human Papillo-

mavirus Testing. Oral Oncol. 2010, 46, 492496, [CrossRef] [PubMed]

D'Souza, G.; Westra, WH.; Wang, S].; van Zante, A;; Wentz, A Kluz, N.; Rettig, E.; Ryan, W.R; Ha, PX; Kang, H.; et al.
Differences in the Prevalence of Human Papillomavirus (HPV) in Head and Neck Squamous Cell Cancers by Sex, Race, Anatomic
Tumor Site, and HPV Detection Method. JAMA Oncol. 2017, 3, 169-177. [CrossRed]

Augustin, |.G.; Lepine, C; Morini, A, Brunet, A; Veyer, D.; Brochard, C; Mirghani, H.; Péré, H.; Badoual, C. HPV Detection in
Head and Neck Squamous Cell Carcinomas: What Is the Issue? Front. Oncnl. 2020, 10. [CrossRef] [PubMed]

Lewis, |.S,, Jr; Beadle, B.; Bishop, |.A.; Chernock, RD.; Colasacco, C.; Lacchetti, C; Moncur, |T.; Roceo, J.W.; Schwartz, MR
Seethala, RR; et al. Human Papillomavirus Testing in Head and Neck Carcinomas: Guideline From the College of American
Pathologists. Arch. Pathol. Lab. Mead. 2017, 142, 559-597, [CrossRed] [PubMed]

de Martel, C; Plummer, M.; Vignat, ].; Franceschi, S. Worldwide Burden of Cancer Attributable to HPV by Site, Country and HPV
Type. Int. |. Cancer 2017, 141, 664-670. [CrossRed] [PubMed]

Ndiaye, C.; Mena, M.; Alemany, L; Arbyn, M.; Castellsagué, X.; Laporte, L. Bosch, FX; de Sanjose, S.; Trotter, H. HPV DNA,
E6/E7 MRNA, and P16INK4a Detection in Head and Neck Cancers: A Systematic Review and Meta-Analysis. Lancet Onol. 2014,
15, 1319-1331. [CrossRed]

Plummer, M.; de Martel, C; Vignat, J.; Ferlay, |.; Bray, F; Franceschi, 5. Global Burden of Cancers Attributable to Infections in
2012: A Synthetic Analysis. Lancet Glob. Health 2016, 4, e609-¢616. [Crossied]

Combes, |.-D.; Franceschi, S. Role of Human Papillomavirus in Non-Oropharyngeal Head and Neck Cancers. Oral Oncol. 2014,
50, 370-3M. [CroasRef]

Mills, AM.; Dirks, D.C.; Poulter, M.D.; Mills, S.E.; Stoler, M.H. HR-HPV E6/E7 MRNA In Situ Hybridization: Validation Against
PCR, DNA In Situ Hybridization, and P16 | histochemistry in 102 Samples of Cervical, Vulvar, Anal, and Head and Neck
Neoplasia. Am. [. Surg. Pathol. 2017, 41, 607-615. [CrossRed]

Bagnardi, V.; Rota, M_; Botteri, E.; Tramacere, |; Islami, F; Fedirko, V.; Scotti, L.; Jenab, M.; Turati, F; Pasquali, E; et al. Alcohol
Consumption and Site-Specific Cancer Risk: A Comprehensive Dose-Response Meta-Analysis. Br. |. Cancer 2015, 112, 580-593.
[CrossRef]

Vand, AM;F K.; Debaisieux, L.; Marissens, D.; Sprecher, S.; Vaira, D; Vandenbroucke, A.T.; Verhofstede, C.; Van
Dooren, S Goubay, P; et al. Standardisation of Primers and an Algorithm for HIV-1 Diagnostic PCR Evaluated in Patients
Harbouring Strains of Diverse Geographical Origin. |. Virol. Methuods 1995, 52, 305-316. [CrossRed]

Sahiner, F; Kubar, A Gimral, R; Ardsg, M; Yigit, N.; Sener, K Dede, M.; Yapar, M. Efficiency of MY09/11 Consensus PCR in
the Detection of Multiple HPV Infections. Diagn. Microbiol. Infect. Dis. 2014, 80, 43-49_ [CrossRedf]

Shikova, E.; Todorova, L; Ganchey, G.; Kouseva-Dragneva, V. Detection and Typing of Human Papillomaviruses by PCR.
Biotechnol. Biotechnol. Equip. 2009, 23, 877-880. [Crossied]

Zake, T; Skuja, S.; Kalere, 1; Konrade, 1; Groma, V. Upregulated Tissue Expression of T Helper (Th) 17 Pathogenic Interleukin
(IL}-23 and IL-18 in Hashimoto's Thyrolditis but Not in Graves’ Disease. Endocr. |. 2019, 66, 423430, [CrossRef]

Skuja, S.; Vilmane, A; Svirskis, S.; Groma, V.; Murovska, M. Evidence of Human Parvovirus B1Y Infection in the Post-Mortemn
Brain Tissue of the Elderly. Viruses 2018, 10, 582. [Crossied]

Yang, |; Dai, L-X,; Chen, M; Li, B.; Ding, N; Li, G; Liu, Y-Q.; Li, M-Y.; Wang, B-N_; Shi, X-L; et al. Inhibition of Antiviral
Drug Cidofovir on Proliferation of Human Papillomavirus-Infected Cervical Cancer Cells. Exp. Ther. Mad. 2018, 12, 2965-2973.
[CrossRef]

Meng, Y.; Liang, H.; Hu, J.; Liu, S.; Hao, X Wong, MSK.; Li, X.; Hu, L PD-L1 Expression Correlates With Tumor Infiltrating
Lymphocytes And Response To Neoadjuvant Chemotherapy In Cervical Cancer. |. Cancer 2018, 9, 2938-205. [CrossRef]
Stiasny, A.; Kuhn, C.; Mayr, D Alexiou, C; Janko, C; Wiest, L; Jeschke, U.; Kost, B. Inmunchistochemical Evaluation of E6/E7
HPV Oncoproteins Staining in Cervical Cancer. Anticancer Res. 2016, 36, 3195-3198.

Hong, A; Jones, D.; Chatfield, M.; Soon Lee, C; Zhang, M.; Clark, |; Elliott, M.; Hamett, G.; Milross, C.; Rose, B. HPV Status of
Oropharyngeal Cancer by Combination HPV DNA /P16 Testing: Biological Relevance of Discordant Results. Ann. Surg. Oncol.
2013, 20, 450458. [CrossRed]

Akoglu, H. User's Guide to Correlation Coefficients. Turk. |. Emerg. Med. 2018, 18, 91-93. [CrossRef]

Saraiya, M.; Unger, ER.; Thompson, T.D.; Lynch, CF; Hermandez, B.Y.; Lyu, C.W;; Steinau, M.; Watson, M.; Wilkinson, EJ.;
Hopenhayn, C; et al. US Assessment of HPV Types in Cancers: Implications for Current and 9-Valent HPV Vaccines. J. Nail.
Cancer Insi. 2015, 107. [CrossRed]

Chaturved:, A K; Anderson, WE; Lortet-Tieulent, J.; Curado, M.P; Feray, ). Franceschi, S Rosenberg, P.S.; Bray, F; Gillison, ML
Worldwide Trends in Incidence Rates for Oral Cavity and Oropharyngeal Cancers. [ Clin. Oncol. 2013, 31, 45504559, [CrosaRei]

117



Virnses 2021, 13, 1008 170f17

5L

bl

Reuschenbach, M.; Tinhofer, 1; Wittekindt, C_; Wagner, S; Klussmann, | P. A Systematic Review of the HPV-Attributable Fraction

of Oropharyngeal Sq Cell Carci in Germany. Cancer Med. 2019, 8, 1908-1918. [CrussRef]
Wittekindt, C.; Wagner, S.; Bushnak, A Prigge, E-S; von Knebel Doeberitz, M.; Wiirdemann, N_; Bernhardt, K.; Pons-
Kithnemann, | Maulbecker-Armstrong, C.; Klussmann, |.P. Incressing Incidence Rates of Oropharyngeal Sq Cell

Carcinoma in Germany and Significance of Disease Burden Attributed to Human Papillomavirus. Cancer Prev. Res. 2019, 12,
375-382. [CrossRef]

Lifsics, A; Rate, E_; lvanova, A ; Tars, |; Murovska, M.; Groma, V. Survival Analysis of Oropharyngeal Sq Cell Cara
Patients Linked to Histopathology, Disease Stage, Tumor Stage, Risk Factors, and Received Therapy. Exp. Oncol. 2020, 42, 51-59.
[CrossRef]

Kreimer, A R.; Clifford, GM.; Boyle, P; Franceschi, S. Human Papillomavirus Types in Head and Neck Sq Cell Carc
Worldwide: A Systematic Review. Cancer Epidemiol. Biomuark. Prev. 2005, 14, 467475, [CrossRed]

Janecka-Widla, A, Mucha-Malecka, A Majchrzyk, K.; Halaszka, K; Przewoznik, M.; Stonina, D.; Biesaga, B. Active HPV
Infection and Its Influence on Survival in Head and Neck Squamouws-Cell Cancer. |. Cancer Res. Clin. Oncol. 2020, 146, 1677-1692.
[CrossRef] [PubMed]

Jung, A.C; Briolat, |.; Millon, R.; de Reynies, A; Rickman, D_; Thomas, E.; Abecassis, |.; Clavel, C; melyk.B Biologicnland
Clinical Relevance of Transcriptionally Active Human Papillomavirus (HPV) Infection in Oropharynx Sq Cell Carci

Int. |. Cancer 2010, 125, 1882-18%. [CrossRed] [PubMed)

Wittekindt, C.; Wagner, S; Sharma, 5.1 Wiirdemann, N.; Knuth, |.; Reder, H.; KluBmann, |.P. HPV—A Different View on Head
and Neck Cancer. Laryngorhinootologie 2018, 97, SA8-5113. [CrossRef]

Ernoux-Neufcoeur, P.; Arafa, M.; Decaestecker, C; Duray, A.; Remmelink, M.; Leroy, X Herfs, M.; Somija, |.; Depuydt,
CE; Delvenne, P; et al. Combined Analysis of HPV DNA, P16, P21 and P53 to Predict Prognosis in Patients with Stage IV
Hypopharyngeal Carcinoma. |. Cancer Res. Clin. Oncol. 2011, 137, 173-181. [CrossRef]

Brand, TM.; Hartmann, S.; Bhola, N.E; Li, H.; Zeng, Y.; O’Keefe, RA_; Ranall, M.V Bandyopadhyay, S.; Soucheray, M.; Krogan,
N.J.; et al. Cross-Talk Signaling between HER3 and HPV16 E6 and E7 Mediates Resistance to PI3K Inhibitors in Head and Neck
Cancer. Casncer Res. 2018, 78, 2383-2395. [CrossRef]

Redrigues, LC.; de Gois Speck, N M.; de Azevedo Foochi, G.R.; Schimidt, MA; M RM.; Ribalts, | C L. Immunoexpression
of HPV 16/18 E6 and E7 Oncoproteins in High-Grade Cervical Sq Intr, lthehal Lesions in HIV-Positive Women. Genel.
Mol. Res. 2016, 15. [CrossRef]

Phagton, R ; Gutierrez, |.; Jiang, Z; Karabakhtsian, R.G.; Albanese, |.; Sunkara, |.; Fisher, D.R.; Goldberg, G.1.; Dadachova, E.
Naive and Radiolabeled Antibodies to E6 and E7 HPV-16 Oncoproteins Show Pronounced Antitumor Activity in Experimental
Cervical Cancer. Immunotherapy 2015, 7, 631-640. [CrossRef]

Kiyuna, A Ikegami, T; Uehara, T.; Hirakawa, H.; Agena, S Uezato, |.; Kondo, S.; Yamashita, Y; Deng, Z; Maeda, H.; et al.
High-Risk Type Human Papillomavirus Infection and P16 Expression in Laryngeal Cancer. Infect. Agent Cancer 2019, 14.
{CrossRed]

Jeon, S.; Lambert, PE Integration of H Papillomavirus Type 16 DNA into the Human Genome Leads to Increased Stability
of E6 and E7 MRNAs: Implications for Cervical Carcinogenesis. Proc. Nall. Acad. Sei. USA 1995, 92, 1654-1658. [CrossRed]
Vojtechova, Z.; Sabol, I; Salakova, M.; Turek, L.; Grega, M.; Smahelova, |.; Vencalek, O.; Lukesova, E; Klozar, |.; Tachezy, R.
Analysis of the Integration of Human Papillomaviruses in Head and Neck Tumours in Relation to Patients’ Prognosis. Int. |.
Cuscer 2016, 138, 386-395. [CrossRed]

Reuschenbach, M; Huebbers, C.U.; Prigge, E-S; Bermejo, |.L; Kalteis, MS.; Preuss, S.F; Seuthe, EM.C; Kolligs, |.; Speel, E-J.M_;
Olthof, N; et al. Methylation Status of HPV16 E2-Binding Sites Classifies Subtypes of HPV-Associated Oropharyngeal Cancers.
Cancer 2015, 121, 1966-1976. [CrossRef]

McBride, A.A; Warburton, A. The Role of Integration in Oncogenic Progression of HPV-Associated Cancers. PLoS Pathog.
2017, 13. [CrossRef]

Torrente, M.C; Rodrigo, |.P; Haigentz, M.; Dikkers, EG; Rinaldo, A_; Takes, RP; Olofsson, |; Ferlito, A. Human Papillomavirus
Infections in Laryngeal Cancer. Head Neck 2011, 33, 581-586. [CrossRet]

Rosenthal, D.1; Harari, PM.; Giralt, |.; Bell, D.; Raben, D.; Liu, | Schulten, J.; Ang, KK_; Bonner, ] A. Association of Human
Papillomavirus and P16 Status With Outcomes in the IMCL-9815 Phase 1l Registration Trial for Patients With Locoregionally
Advanced Oropharyngeal Squamous Cell Carcinoma of the Head and Neck Treated With Radiotherapy With or Without
Cetuximab. . Clin. Oncol. 2016, 34, 1300-1308. [CrossRef]

Chung, C.H_; Zhang, Q.; Kong, C.S; Harrig, |; Fertig, E]; Harart, PM.; Wang, D.; Redmond, K.P; Shenouda, G.; Trotts, A et al.
P16 Protein E ion and H Papillomavirus Status As Prognostic Bl kers of N haryngeal Head and Neck

r

B Cell Carci |- Clin. Oncol. 2014, 32, 3930-3938. [CrossRed]

(Y

118



- cancers

Annex 4

Fourth Publication

by

Article

The Role of the p16 and p53 Tumor Suppressor Proteins and
Viral HPV16 E6 and E7 Oncoproteins in the Assessment of
Survival in Patients with Head and Neck Cancers Associated
with Human Papillomavirus Infections

Andrejs Lifsics **), Maksims Cistjakovs 27, Liba Sokolovska ', Renars Deksnis ', Modra Murovska >

and Valerija Groma **

check for
updates

Gitation: Lifsics, A, Cistiakovs, M
Sokodovska, L; Doksras, R ;
Murmyska, M Groma, V. The Role of
the p16 and p53 Tumor Suppressor
Proteins and Viral HI'V16 E6 and E7
Oncoprotelrs in the Assessmwent of
Survival n Patients with Head and
Nock Cancers Assoclated with
Human Papillomavires Infections.
Camcers 2023, 15, 2722 Mtps//
doi.oeg /103390 cancers 15102722

Acadenmic Editor: Oreste Gallo

Recelved: 26 March 2023
Revised: 3 May 2023
Accepted: 9 May 203
Pabliched: 11 May 2023

Copyright: © 223 by the authors
Licensew MDPI Basel, Switzeeland.
This article Is an open access article
distribated  under the terms and
conditions of the Creative Commons
Attributicn (CC BY) bamse (https://
crativecommans ong /lioenses /by /
L0/)

Department of Otorhinolaryngology, Riga Stradind University, Pilsonu 13, LV-1002 Riga, Latvia

Institute of Microbiology and Virology, Riga Stradind University, Ratsupites 5, LV-1067 Riga, Latvia
Institute of Anatomy and Anthropology, Riga Stradind Universty, Kronvalda blvd 9, LV-1010 Riga, Latvia
Correspondence: andrejs. hfsici@rsu ly

T e -

Simple Summary: The role of human papillomavirus (HPV) in the survival of patients with head
and neck squamous cell carcinoma (HNSCC) is an important topic. The recognition of additional
markers could play a significant role in survival prognosis. Our study aimed to assess the roles of
different molecular and immunchistochemical factors in the survival of patients with HNSCC. We
analyzed 106 HNSCC samples and confirmed the roles of HPV DNA and p16, p53, and HPV16 E6
and E7 proteins in different subgroups of HNSCC. In addition to p16, the immunohistochemical
overexpression of HPV16 E6 protein should be used for patient survival prognosis.

Abstract: The role of HPV in the survival prognosis of patients with head and neck squamous cell
carcinoma, especially patients with laryngeal squamous cell carcinoma (LSCC) and hypopharyngeal
squamous cell carcinoma (HPSCC), is still somewhat ambiguous. The present study aimed to
explore the significance of tumor suppressor proteins and HPV16 E6 and E7 oncoproteins in the
assessment of survival in patients with oropharyngeal squamous cell carcinoma (OPSCC), LSCC, and
HPSCC associated with high-risk (HR-) and low-risk (LR-) HPV infections. By utilizing molecular
and immunochistochemical investigations of HNSCC samples and patient data, univariate and
multivariate survival analyses were conducted. The presence of HPV DNA (LR- and HR-HPV) was
associaled with a better S-year OS and DSS for OPSCC and LSCC. The THC overexpression of HPV16
Eé6 protein and pl6 protein was associated with better survival in the univariate (for OPSCC) and
multivariate (OPSCC and HPSCC) survival analyses. The overexpression of p53 was associated with
better survival in OPSCC. HPV infection plays a significant role in the tumorigenesis of HNSCC, and
the immunohistochemical assessment of HPV16 E6 protein expression should be interpreted as a
useful prognostic marker for OPSCC and HPSCC.

Keywords: oropharynx; larynx; hypopharynx; squamous cell carcinoma; HPV; PCR; immunohisto-
chemistry; p16; p53; E6/E7 viral oncoproteins; survival analysis

1. Introduction

As one of the most common cancers globally, HNSCC accounts for more than
660,000 new cases and 325,000 deaths annually [1]. According to the GLOBOCAN data,
98,412 new cases of OPSCC, 98,412 new cases of LSCC, and 84,254 new HPSCC were
registered in 2020 [2].

LR-HPV types encompass the majority of known HPV (more than 200) types and are
not usually assocated with cancer development [3]. By contrast, HPV types 16, 18, 31, 33,
35, 39, 45, 51, 52, 56, 58, 59, 66, and 68 are viewed as HR-HPV types. HR-HPV infection
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has long been recognized as an etiologic factor of anogenital cancers and has also relatively
recently been recognized as an etiologic factor of some head and neck cancers. While
HR-HPV infection and HPV-16 are most commonly strongly linked to OPSCC development
(with HPV prevalence ranging from 45 to 90%) [4], in other head and neck cancers such
as LSCC and HPSCC, the role of HR-HPV is still debated, as these cancers tend to be
HPV-negative more frequently and are studied less frequently when compared to OPSCC.

HPV-positive head and neck cancers seem to be distinct from their HPV-negative
counterparts in various aspects from the molecular mechanisms of transformation and
tumor progression to epidemiology and, importantly, patient survival. The HPV status
in squamous cell carcinomas overall has been demonstrated to be a prognostic factor
for survival, and HPV-associated OPSCCs specifically are associated with a reduced risk
of death and a reduced risk of recurrence [5], yet for other head and neck squamous
cell carcinomas (HNSCC) (e.g., LNSCC and HPSCC), such an association has not been
confidently established [6-14]. Additionally, HPV-positive head and neck cancers have
several molecular signatures: degradation of wild-type p53 and a lack of mutations in the
p33-encoding gene, decreased expression of pRb, and subsequent increased expression
of p16. These molecular differences could help distinguish HPV-associated cancers, thus
aiding in treatment adjustment, and could serve as prognostic markers [5].

The oncogenic potential of HPV is mainly dependent on two of its early proteins:
E6 and E7. These viral proteins interact with important cell cycle regulators (fumor sup-
pressors) of the infected epithelial cells, causing their uncontrolled proliferation. Since
HPV oncoprotein expression is considered necessary for carcinogenesis as well as causal-
ity, their expression could serve as a prognostic marker. Some researchers suggest that
HPV-related head and neck cancers have a better prognosis due to a more aggressive
and specific immune response to tumor-expressing HPV antigens, including E6 and E7.
Some studies have demonstrated that T cells from patients with OPSCC proliferate and
synthesize inflammatory cytokines upon HPV16 E6 and E7 oncoprotein recognition, and T
cells from patients with HPV-related head and neck cancer show increased responses to
E7 epitopes [6,15-17].

One of the oncoproteins, E6, promotes proteasomal p53 degradation via Eé-associated
ubiquitin ligase, thus deregulating cell cycle checkpoints, avoiding apoptosis, and inacti-
vating one of the p53 targets, p21, which prevents cells from entering the S phase via cell
cycle arrest in the G1 phase [18]. In non-HPV-associated cases of head and neck cancers,
the p53-encoding gene is often mutated, resulting in a loss of p53 function or even gain of
functions that promote invasion, metastasis, and cancer cell proliferation [15]. Studies have
shown that patients whose HNSCCs are positive for HPV and lack p53 expression (due to
P33 degradation via E6) have a better prognosis and better overall survival [20].

E7, on the other hand, strongly binds pRb and induces its proteasomal degradation,
thus releasing a transcription factor called E2F, which again drives the cells to enter the S
phase of the cell cycle [21,22]. Another consequence of the E7-mediated pRb degradation is
the overexpression of p16, a potent tumor suppressor. The detection of p16 overexpression
has been adopted as a molecular hallmark of HPV-associated OPSCCs, with studies demon-
strating its positive effect on patient survival. Studies have demonstrated its positive effects
on patient survival in OPSCC. For other HNSCCs of non-oropharyngeal subsites, such an
association has not been established [23,24], with studies reporting a lack of p16 expres-
sion, even in the presence of HPV mRNA, or similar p16 expression levels, regardless of
HPV positivity [25,26].

This study aimed to explore the significance of various molecular and cellular markers
of HR-HPV and LR-HPV in the assessment of survival in patients with OPSCC, LSCC,
and HPSCC.
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2. Materials and Methods
2.1. Patients® Characteristics

A total of 106 patients (95 (89.6%) males and 11 (10.4%) females) with histologically
confirmed OPSCC, LSCC, and HPSCC treated at the Latvian Oncology Centre between
January 2015 and August 2019 were enrolled in the study.

The sex, age, TNM stage, differentiation grade (G) of the tumor, smoking and drinking
habits at the time of presentation, and treatment modalities were assessed for each patient.
The survival data were gathered from The Centre for Disease Prevention and Control
on 1 January 2022 In total, 34 of 106 patients had OPSCC, 41 had LSCC, and 31 had
HPSCC (Table 1).

Table 1. Patients’ characteristics.

Cases (n =106)
OPSCC (n =34) LSCC (x=41) HPSCC (1 =31)

Sex:
e Male 27 39 29
e Female 7 - 2
Age (median) 585 643 65.9
T grade:
8 =Tl 6 4 0
e« T2 6 8 4
e« T3 6 24 16
e« T4 16 5 11
N grade
- 0 1 K 0
o 1 15 7 0
s 2 12 22 10
o 3 6 8 21
M grade:
e 0 M 40 27
s 1 0 1 A
G grade *:
e 1 5 5 6
s 2 21 34 21
« 3 7 2 4
Hazards:
. Nom-. 9 4 3
. Smokfng 8 29 20
e Smoking and 17 8 5

alcohol abuse
Treatment ™
o RY 16 1 21
o OF 0 9 0
e RT=OP - 29 4
. RT+ChT 10 0 0

(Cetuximab)+/-0OP 6 1 6

e Symptomatic

* One patient had missing value i the OPSCC group. ™ One patient had a missing value in the LSCC group.
RT—radiotherapy, OP—surgery t ChT—<ch therapy.
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2.2. DNA Extraction

Fresh frozen cancer tissues (24 OPSCC, 34 LSCC, and 2 HPSCC) or formalin-fixed,
paraffin-embedded (FFPE) tumor tissue blocks (10 OPSCC, 28 HPSCC, and 8 LSCC) were
used to extract DNA material for further investigation.

The DNA extraction from fresh frozen tissue material was performed with the standard
phenol/chloroform extraction method.

FFPE cancer samples were processed using a blackPREP FFPE DNA Kit (Analvtik Jena,
Germany) following the manufacturer’s protocol. To avoid cross-contamination, separate
sterile blades were used for each specimen.

To assess the concentration and quality of the extracted DNA, a spectrophotometric
analysis was performed (Nanodrop ND-1000 Spectrophotometer, Thermo Fisher Scien-
tific, Waltham, MA, USA). Beta-(f-) globin was used as a quality control for the isolated
DNA [27]. Only B-globin-positive samples were included in the further investigation of

2.3. RNA Extraction

Fresh frozen cancer tissue materials (24 OPSCC, 34 LSCC, and 2 HPSCC) or FFPE cancer
tissue blocks (10 OPSCC, 28 HPSCC, and 8 LSCC) were processed for total RNA extraction.

Standard RNA extraction with TRIzol LS Reagent from Thermo Fisher Scientific was
accomplished for fresh frozen tissue specimens according to the producer's manual.

A PureLink FFPE Total RNA Isolation Kit (Thermo Fisher Scientific, USA) was used
for RNA extraction from FFPE cancer samples, following the manufacturers protocol. Each
sample was sectioned separately with a new sterile blade.

A spectrophotometric analysis was used to assess the concentration and quality of the
extracted RNA.

2.4, HPV DNA Detection Using MY09/11 and GP5+/6+ Consensus Primers

A polymerase chain reaction (PCR) with the consensus primers MY9/MY11 and
GP5+ /6+ was used for the inihial detection of the broad range of HPV types (HR-HPV and
LR-HPV types) [25,29]. Electrophoresis in a 1.7% ethidium bromide gel was used to assess
the PCR results. Amplification products of approprate lengths for the primers that were
used were considered HPV-positive. Each reaction included positive and negative controls.

2.5. HPV Genotyping

Consensus PCR-positive samples were further subjected to HPV genotyping. Primers
for HPV 16 and 18 (L1) and the Anyplex Il HPV28 multiplex real-time-PCR (RT-PCR) were
used for HPV genotyping.

The results were visualized via electrophoresis in 1.7% agarose gel with an assessment
of appropriate amplification products [29]. Positive and negative controls were used in
each reaction.

Anyplex Il HPV28 multiplex RT-PCR was used following the manufacturer’s recom-
mendations (Seegene, Seoul, Republic of Korea).

2.6. HPV16 E6/E7 mRNA Detection

The detection of E6/E7 mRNA was performed using real-time PCR with the PreTect
HPV-Proofer kit. The PreTect HPV-Proofer assay qualitatively detected the presence of
HPV E6/E7 oncogene mRNA from HPV types 16, 18, 31, 33, and 45. It had an intrinsic
sample control to assess specimen quality. Specimens with positive intrinsic controls were
considered valid. Only HR-HPV-positive samples were used for E6/E7 mRNA detection.

2.7, Immunohistochemistry

OPSCC, LSCC, and HPSCC specimens were further processed as FFPE samples. The ex-
pression of HPV16 E6/E7 proteins, p33, and p16 proteins were assessed immunchistochemically:
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For this purpose, 4-5 pm-thick FFPE tumor sections were mounted on SuperFrost
Plus slides (Gerhard Menzel GmbH, Braunschweig, Germany) (Gerhard Menzel GmbH,
Braunschweig, Germany). We used a previously tested and approved [HC protocol [30,31].

Briefly, after the standard preparation process, the sections were incubated overnight
with the primary antibodies at 4 °C. We used a monoclonal mouse anti-CDKN2A /p16INK4a
antibody (Abcam, Cambridge, UK, 1:300 dilution, ab201980); a monoclonal mouse anti-
P33 antibody (Santa Cruz Biotechnology, Inc., Dallas, TX, USA, 1:50 dilution, sc-47698); a
monoclonal mouse anti-HPV16 E6 + HPV18 E6 antibody (Abcam, Cambridge, UK, predi-
luted, ab51931) [32-34]; and a monoclonal mouse anti-HPV16 E7 antibody (Santa Cruz
Biotechnology, Inc., 1:50 dilution, sc-6981). We used a HiDef Detection HRP Polymer
system and a diaminobenzidine tetrahydrochlonde substrate kit (Cell Marque, Rocklin,
CA, USA) to visualize the products of IHC reactions. Counterstaining of cell nuclei within
a tumor section with Mayer’s hematoxylin was used. In the negative controls of reactions,
primary antibodies were omitted. The reaction results were assessed by two independent
experienced investigators without knowledge of the clinical and molecular virology data.

The immunopositive reaction resulted in the appearance of brown reaction products
using the anti-CDKN2A /p16INK4a, anti-p53, anti-HPV16 E6 + HPV18 E6, and anti-HPV16
E7 antibodies. Specifically, solely nuclear, combined nuclear and cytoplasmic immunostain-
ing was observed when detecting p53 and HPV16 E7 proteins, p16 protein and HPV16 E6
protein, respectively.

A cut-off at 50% positive tumor cells for the p16 immunostaining was used, as pro-
posed by Hong et al. (2013) [35].

The assessment of immunostaining for p53 was performed semiquantitatively. We
considered a sample to be p33-postive (p53+) when the criteria described by Halec et al.
(2013) were met [36]. The p53 overexpression (upregulation) was considered when p53
positivity was confirmed in >30% of tumor cells with intensity = 2 or >25% of tumor cells
with intensity = 3. All FFPE specimens that did not reach these criteria were considered
p33-negative (p53-; downregulation).

As all HR-HPV-positive specimens contained HPV16 DNA, only those were used for
the IHC detection of E6 and E7 proteins. The IHC reaction results for the E6 and E7 viral
proteins were estimated semiquantitatively in 20 randomly selected visual fields of each
sample including the tumor and the surface epithelium of the regions of interest. To achieve
enough statistical power, we used the expression levels of E6 and E7 at <10% as negative
and at >10% as positive.

2.8. Statistical Data Analysis

All statistical analyses were performed using GraphPad Prism Y (GraphPad Soft-
ware, La Jolla, CA, USA). A standard statistical analysis was performed to assess the data
distribution. A nonparametric Spearman’s correlation analysis was used to find any corre-
lations between the groups [37]. A univarate survival analysis was performed using the
Kaplan-Meier method; overall and disease-specific survivals (OS and DSS) were assessed.
A multivariate survival analysis was performed using the Cox regression method. p values
less than 0.05 (p < 0.05) were considered statistically significant.

3. Results
3.1. HPV DNA Analysis

We analyzed HNSCC samples for HPV DNA sequences and genotypes. HPV DNA
was found in 92/106 (86.79%) of the HNSCC samples. More specifically, it was found in
29/34 (85.29%) of the OPSCC samples, 32/41 (78.05%) of the LSCC samples, and 31/31
(100%) of the HPSCC samples. The predominant genotype was HPV16, which was con-
firmed in 68/106 (65.09%) of the HNSCC samples. More precisely, it was found in 26/34
(76.47%) of the OPSCC samples, 22 /41 (53.66%) of the LSCC samples, and 20/31 (64.52%)
of the HPSCC samples. In 7/106 of the HNSCC samples, we detected HPV coinfections. In
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addition to HPV16 DNA, we found HPV31 (2 0f 7), 33 (1 0f 7), 35 (1 of 7), and 56 (4 of 7).
Our further analysis was therefore focused on HPV16 due to its high prevalence.

3.2. HPV16 E6/E7 mRNA Expression

HPV16-postive HNSCC samples were analyzed for the presence of HPV16 E6/E7
mRNA (E6/E7 mRNA+). We detected HPV16 E6/E7 mRNA in 15/26 (57.7%) of the OPSCC
samples, 2/22 (9%) of the LSCC samples, and (/20 of the HPSCC samples. A correlation
analysis of the semiquantitative HPV16 viral load results and the presence of HPV16 E6/E7
mRNA showed a moderate positive correlation (Sr = 0.601, p < 0.0001). Moreover, a weak
positive correlation was found between p16 overexpression and E6/E7 mRNA expression
(Sr = 0.472, p < 0.0001). Simultaneously, no correlation between p53 downregulation (p53-)
and E6/E7 mRNA expression was found.

3.3. IHC Expression of p16 in HNSCC

pl6 overexpression (pl6+; Figure 1A) was found in 24 /106 (22.64%) of the HNSCC
samples. More specifically, it was found in 16/34 (47.06%), 6/41 (14.63%), and 2/31 (6.45%)
of the OPSCC, LSCC, and HPSCC samples, respectively. Simultaneously, when stratified
by HPV16 positivity (HPV16+), p16 overexpression was confirmed in 15/26 (57.69%), 5/22
(22.73%), and 2/20 (10%) of the OPSCC, LSCC, and HPSCC samples, respectively.

Figure 1. Immunohistochemical detection of p16, p53, HPV Ef, and HPV E7 antigens in HNSCC:
(A) OPSCC (palatine tonsil). Representative image from a case demonstrating >75% plé-positive
tumor cells displaying mostly nuclear and cytoplasmic expression. (B) LSCC. Representative image
of p53 overexpression demonstrating uniform strong nuclear staining of tumor cells. (C) OPSCC
(palatine tonsil). Representative image demonstrating cytoplasmic expression of HPV16 E6 protein
confirmed in tumor cells organized in cords. (D)} OPSCC (palatine tonsil). Representative image
demonstrating nuclear expression of HPV16 E7 protein confirmed in the tumor cells organized as
nests and cords. Scale bars: 100 um and 50 um.,

3.4. IHC Expression of p53 in HNSCC

P53 overexpression (p53+; Figure 1B) was confirmed in 49/106 (46.23%) of the HNSCC
samples. More specifically, it was confirmed in 17/34 (50%), 21/41 (51.22%), and 11/31
(35.48%) of the OPSCC, LSCC, and HPSCC samples, respectively. An analysis of the
HPV16+ samples showed p53 downregulation (p53—) in 15/26 (57.69%), 10/22 (45.45%),
and 14 /20 (70%) of the OPSCC, LSCC, and HPSCC samples, respectively. Furthermore,
in the E6/E7 mRNA+ samples, p53 downregulation was found in 11/15 (73.33%) of the
OPSCC samples and 1/2 (50%) of the LSCC samples.
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3.5. IHC Expression of HPV16 E6 and E7 Proteins in HNSCC

Overexpression of HPV16 E6 protein (Figure 1C) was immunohistochemically con-
firmed in 44/106 (41.5%) of the HNSCC samples. More specifically, it was confirmed
in 21/34 (61.8%), 14/41 (34.1%), and 9/31 (29.0%) of the OPSCC, LSCC, and HPSCC
samples, respectively.

In turn, overexpression of HPV16 E7 protein (Figure 1D) was found in 39 /106 (36.8%)
of the HNSCC samples. More specifically, it was found in 19/34 (55.9%), 14/41 (24.1%),
and 6/31 (19.4%) of the OPSCC, LSCC, and HPSCC samples, respectively.

3.6. Kaplan—-Meier Survival Analysis
3.6.1. OSand DSS, Depending on HPV DNA (HR-HPV and LR-HP'V)

The five-year OS and DSS were assessed in patients who were HPV-positive compared
to HPV-negative, depending on the location of the primary tumor.

For the oropharynx, the OS rates were 26.82% and 0% for patients who were HPV-
positive and HPV-negative, respectively, although this difference failed to reach statistical
significance (p = 0.077; Figure 2A). The DSS rates were 27.78% and (% for these groups of
patients (p < 0.05; Figure 2B), respectively.
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Figure 2. (A B) OS and DSS analyses (Kaplan-Meier), depending on the presence of HPV DNA (HR
and LR) in OPSCC. (C,D) OS and DSS analyses (Kaplan-Meier), depending on the presence of HPV

DNA (HR and LR) in LSCC.
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For patients with LSCC, the OS rates were 64.59% and 44.44% in patients who were HPV-
positive and HPV-negative (p < 0.05; Figure 2C), respectively. The DSS rates were 68.%0% and
50% for patients who were HPV-positive and HPV-negative (p < 0.05; Figure 2D), respectively.

As all HPSCC samples were HPV DNA+, a Kaplan-Meier survival analysis could not
be performed.

3.6.2. OS and DSS, Depending on Immunochistochemical Expression of HPV16 DNA,
HPV16 E6/E7 mRNA, and p16, p53, E6, and E7 Proteins

We performed a Kaplan-Meier survival analysis with a stratification of patients de-
pending on the location of the primary tumor. The OS and DSS were calculated. For most
variables, a univariate survival analysis with the Kaplan-Meier method failed to reach
statistical significance.

There were borderline statistically significant differences (p = 0.057, Figure 3A,B)
between pl6+ and pl6— OPSCC for OS and statistically significant differences for DSS.

A Kaplan-Meier survival analysis of p53+ and p53— HPSCC showed statistically
significant differences in OS and DSS (Figure 3C,D).

The immunohistochemical overexpression of HPV16 E6 protein was associated with
significantly better OS and DSS in patients with OPSCC (Figure 3EF).

3.7. Multivariate Cox Regression Analysis

The age; sex; hazards; applied treatment; immunohistochemical expression of p16,
p53, E6 protein, and E7 protein; and the presence of HPV16 DNA and E6/E7 mRNA were
included in the Cox model. First, a multivariate survival analysis was performed for all

patients with head and neck tumors. Second, each anatomical location of the head and
neck cancers was analyzed separately: oropharynx, larynx, and hypopharynx.

3.7.1. ALHNSCC

The results of the analysis of all patients with head and neck cancer are summarized
in Table 2.

The Cox regression analysis suggested that the T1 stage was associated with a lower
risk of early death. While the results for each T stage did not reach statistical significance,
there was a trend towards a higher early death nisk with a higher T stage; patients with
HNSCC with a T4 tumor had a 2.68-fold higher probability of death. The analysis also
showed that a higher N stage was associated with a higher risk of early death. The N1
stage (in reference to N0) was associated with a 4.98-fold greater risk of early death, and
the risk notably increased in the N3 stage. A lower tumor differentiation grade (G) was
associated with a higher risk of early death. Patients with G3 tumors (well-differentiated)
had an 81% lower risk of early death than patients with G1 tumors (undifferentiated).

The effect on survival was also statistically significant for treatment. Patients who
received a combined treatment (RT+ChT+/~OP) showed a lower risk of early death.

Immunohistochemical overexpression of HPV16 E6 protein (>10%) was associated
with a lower hazard ratio (Exp(B) = 0.3492, p = 0.0147). Other variables did not show
statistical significance.

3.72.0PSCC

This group encompassed 34 patients with 26 events (death). Two patients were
excluded from the analysis due to missing values. Table 3 depicts the Cox regression results
of the variables for OPSCC.

The Cox regression analysis showed that the immunohistochemical expression of p16,
P53, and HPV16 proteins E6 and E7; the T grade; the applied treatment; and smoking
significantly affected patients’ survival
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Figure 3. (A B) OS and DSS analyses (Kaplan-Meier), depending on the result of the immunohisto-
chemical expression of pl6 in OPSCC. (C,D) OS and DSS analyses (Kaplan-Meier), depending on the
results of the immunohistochemical expression of p53 in HPSCC. (EF) OS and DSS (Kaplan-Meier),
depending on the results of the immunohistochemical expression of HPV16 E6 protein in OPSCC.
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Table 2. Cox regression survival analysis for all HNSCC.
Variables Survival
> N=106° B P Hazard Ratios
Name Groups (Exp(p) 95% CI
- Female * 1 1)
Sex
Male 92 1024 0.0627 2.785 09886 to B.688
Age 001544 0.4200 104 09810 to 1.048
Negative * 81 {1
pl6 -
Positive 22 0.5351 02412 1.708 06693 to 4.081
s Negative * 55 {1
p33
TPositive 48 0.4982 0.1658 1.646 08141 to 3358
<1r%* 60 )
THC_E6
>10% a -1.052 0.0147 03492 0.1464 to 08037
<Hrk” 65 n
HC_E =
>10% 38 0.4807 02956 1617 06590 to 4.024
None * 15 1)
. . Smoking 57 0.5992 02624 1.821 06636 to 5526
Smoking and
slcakial abine 31 01794 0.7552 0.8358 02768 to 2770
Oropharynx * 32 1)
Location Larynx 40 -0.7745 03747 0.4609 0.08271 to 2.545
Hypopharynx 3 ~0.5893 035 0.5547 0.1772 to 1.693
1* 10 (L))
T 2 18 -0.2886 0.6946 0.7493 (L1843 to 3.473
3 44 0.5419 04727 1.719 04207 to BALL
4 31 0.9882 0.1683 2686 07107 to 1233
o* 41 {1
N 1 33 1.607 0.0011 4988 194w 135
2 22 1372 0.0182 3943 1.277 to 12.62
3 7 2208 0.0036 998 2042 to 40.88
- a* 98 (1))
’ 1 5 Li0d 0.1662 3015 05851 to 13.67
1Y 15 (18]
G 2 76 —099 0.0413 0387 0.1556 to 09791
3 12 —1.658 0.0058 0.1906 0.05657 to 0.606
Negative * 37 (13]
HFV16_DNA s
Positive 66 0.4515 02491 1571 07248 to 3.395
Negative * 87 (1)
HPV16_EBE7_RNA
Positive 16 —~09763 0.1399 03767 009678 to 1.335
RT* 37 n
or 9 -1.0d2 03186 03528 0.03495 to 2.325
o RT1+0P 35 ~0.6763 0.2432 (L5085 01548 to 1.506
RT+ChT
{Cetuximab) 9 -2.089 0.0163 0.1239 0.01986 to D.6441
«/-0r
Symptomatic 13 0.5416 0.0635 232 09130 to 5507

'gmupo(mfem‘Thmwmcxch:dedduem

highlighted in bold.
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Table 3. Cox regression survival analysis for OPSCC.

Variables Survival
Name Groups * iy : g "‘:;:";;"" 95% C1
E Female * 7 1
Male 25 -3.121 00810 0.04411 0.001033 to 1.742
Age 32 ~0.02128 08114 0.9789 0.8275 t0 1.177
pl6 Negative * 18 {1
Positive 1 3518 00532 002879 0.0005461 to 0.9340
Negative * 16 {n
e Positive 16 —6.206 0.0028 0002018 1.930 x 10~ to 008335
<10%* 12 n
il >10% 20 -6,171 0.0265 002089 1830 % 107 t0 0.1431
<10%* 1 I
et >10% 18 6154 0.0355 470.6 8716 to 604,132
None * 8 M
Smoking 8 818 00323 3568 3203 to 10,181,954
mm 16 5424 0.0801 2269 0.4392 t0 139247
1 6 -4794 00137 0.008275 0.0001011 to 0.2757
2 ~7933 0.0010 0.0003588 1.456 x 10-* to 0.02453
¥ 3 4 ~5.286 0.0450 0.00506 5478 x 107* w0 02114
4 16
0 1 -29.16 =0.9999 2166 x 10-9 -
% 1 13 05427 07926 1721 0.02756 to 200.9
2 12 ~3.366 0.1093 003453 0.0001571 to 1.714
3 6 n
M 0 32 - - - -
£ 5 1)
G 2 21 1.356 04788 3882 (.08016 to 198.0
3 6 08802 06145 04147 0.007811 to 11.00
HPV16_DNA e : Q0
Positive 24 107 04826 2914 01090 to 47.14
HPV16_ESE7_RNA Negative * 18 {1
Positive " -153 03384 0.2166 0.003954 to 4.418
RT* 15 n
or 0 - - - -
RT+OP 2 8.757 0.0100 6352 7.160 to 9,678,504
Treatment RT+ChT
(Cetuximab) 9 1005 06443 2731 0.06476 to 3383
+/-0p
Symptomatic 6 9218 0.0003 10072 154.8 to 6,028,349

* group of reference. ¥ Two were excluded due to missing values. ~ Statistically significant values (p < 0.05) are
highlighted in bold.

The overexpression of p16, p53, and HPV16 E6 protein showed much lower hazard ratios
and was associated with significantly improved survival. On the contrary, the overexpression
of HPV16 E7 protein was associated with a high risk of early death. A graphical analysis
showed that the overexpression of p16 (p16+) in a tumor was assocated with better survival
than that of patients with plé-negative tumors (Figure 4A). However, the overexpression of
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HPV16 E7 protein was assodated with decreased survival. Moreover, when combining the
two markers (p16 and HPV16 E7 protein), E7 protein overexpression (E7+) decreased survival,
even in patients with pl6+ tumors (Figure 4A). Figure 4B shows that the best survival was
seen in patients with p53-positive (p53+) /HPV16 E6 protein positive (E6+) tumors and that
the worst was seen in patients with p53 - /E6— tumors. There was no difference in survival
between patients with p53— /E6+ and p53+/E6— tumors.
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Figure 4. (A) Estimated survival, depending on the immunohistochemical expression of p16 and E7
protein. (B) Estimated survival, depending on the immunohistochemical expression of p53 and E6 protein.

A larger tumor size (T grade) negatively affected survival. An analysis showed a
lower risk of early death for tumors with lower N grades; however, the difference was not
statistically significant.

The patients who underwent radiotherapy had a significantly lower risk of early death
than patients with other treatment modalities.

3.73.LSCC

This group encompassed 41 patients with 16 events (death). A Cox regression model
with all included variables was statistically significant (p < 0.001). An analysis showed that
no variable significantly affected survival.

3.74. HPSCC

This group encompassed 31 patients with 29 events (death). Table 4 depicts the Cox
regression analysis for patients with HPSCC.

The Cox regression model showed that the expression of p16 and HPV16 E6 protein; the
presence of HPV16 DNA; the hazards; and the T, N, and M grades statistically significantly
affected survival. The effects of the other vanables were not statistically significant.

The overexpression of pl6 and HPV16 E6 protein was associated with an extremely
low risk of early death (Figure 5A,C). By combining the p16 status and the HPV16 E7
protein status, we found that E7 protein expression did not affect survival (Figure 5B,
overlaying of the curves). However, combining the p53 and HPV16 E6 protein statuses
showed that patients with E6+ tumors had better survival and that p53 overexpression
seems to increase survival even more in these patients (Figure 5D). The worst survival was
in the group of patients with p53— /E6 - tumors.

The Cox regression analysis revealed that larger primary tumors are associated with a
higher risk of early death. Patients with T3 tumors had 87% less risk of early death than
patients with T4, Moreover, a lower N grade was associated with lower hazard ratios.
Lastly, the presence of distal metastases was associated with a 22-fold increase in the risk
of death.

130



Cancers 2023, 15,2722 13of21

Table 4. Cox regression survival analysis for HPSCC,

Variables Survival
Name Croups * Had e # u‘:::,‘l;:‘“ 95%Cl
Female * 2 (1)
o Male 29 192 02673 6823 02575 to 478 6
Age 31 0.0571 2702 105 0.9605 to 1.194
it Negative * 2 i
Positive 2 ~6638 0.0049 0001309 5631 x 10* to 0,08768
% Negative * 20 m
Positive T —1099 02540 0333 0.04332 to 2109
<lFu* 2 [83]
- 1% 3 BEET D.0108 0.03003 0002158 to 03739
<10%* 25 m
IHC_E7 _
10 3 004985 09711 09514 0.03166 to 10.39
None * 3 (1)
e Smoking 20 1049 0214 57.36 2363 10 3407
ey o s 05085 06127 0,445 0.01394 to 9.424
1 0 - ; x -
2 3 2.19% 0.0950 5986 07007 to 1553
¥ 3 % ~202% 0.0240 01319 042240 to 07996
1 T m
0+ o (1)
i 1 2525 o1 005932 0.003106 to DSBS
N 2 8 2719 0.0235 0.06597 0005426 to 06552
3 1 1572 0.0108 1305 2628 10 7450
0* 77 i)
: 1 3 3091 0.0274 219 1,535 10 4604
1 3 (1)
G 2 21 ~2035 D.0912 0.1307 00119 to 1.553
3 a ~2087 01338 0124 0.006553 to 1,553
y ve* 1 (1)
TSR m\e 20 2305 0.0194 9.071 1575 to 70.34
HPV16_ESE7 RNA ——obetive L _ - - -
Positive 0 . . . .
RT* 21 m
or 0 - .
1. RT+0F a 1563 0.1378 s77 0,595 to 4259
Ti
RT+ChT
(Cetuxamab) 0 - . . -
+/-0P
Symptomatic 3 017 08610 1185 0.1367 to 7.244

* group of reference. * Statistically significant values (p < 0.05) are highlighted in bold,

Smoking patients had a 57-fold increase in the risk of early death in comparison to
non-smokers /non-drinkers.
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Figure 5. (A) Estimated survival (Cox regression), depending on the immunohistochemical ex-
pression of pl6. (B) Estimated survival (Cox regression) depending on the immunohistochemical
expression of p16 and HPVlb E7 protein. (C) Estimated survival (Cox regression), depending on
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4. Discussion

The current study aimed to assess the roles of HPV infection and associated markers
such as p16, p53, HPV16 E6/E7 oncoproteins, the presence of HPV DNA, and E6/E7 mRNA
in survival.

An initial univariate survival analysis (Kaplan-Meier) shows the potential role of not
only HR-HPV but also LR-HPYV infection in the survival of patients with OPSCC and LSCC,
as 1/3 of the patients have a probability of LR-HPV infection. The study results suggest
that patients with HPV-DNA-positive OPSCC and LSCC have a better 5-year OS and DSS.
These results agree with other studies where patients with HNSCC and patients with tonsil
cancer also had better survival rates if the tumors were positive for HPV DNA [38,39]. This
is probably due to better radiosensitivity of HPV+ tumors, which means patients could
benefit from the “softer” treatment applied to HPV-positive tumors and increases positive
outcomes for the patients [35]. On the other hand, HPV-infected cells could be more visible
to the host’s immune system, allowing for easier identification as well as the destruction
of virus-related tumor tissues. In that case, a deeper investigation of the HPV activity in
patients with HNSCC and the interaction with their immune systems would be required.

It is well documented that patients with HPV-positive OPSCC have higher 3- and
5-year survival rates than patients who are HPV-negative [40], but the consensus is made
for HR-HFPV (mostly HPV16 and 18). For LSCC, many studies have shown no significant
survival increase for HPV-positive tumors [7,41,42]. However, in recent years, there have
been studies with results similar to ours, with better survival in patients with HPV-positive
LSCC [9,43].

On the other hand, in our study, the stratification of patients with HNSCC by the
tumor location and the identification of specific HF'V types showed that the presence of
HPV16 DNA in hypopharyngeal squamous cell carcinoma cases substantially decreased
the survival rates of patients. This indicates that HPV16 may play a significant role in
HPSCC development. Additionally, the immunological aspects should be considered. The
presence of viral antigens could promote anti-tumor immunity and lead to better survival
of the patients [+1—6].

Head and neck cancers encompass a multitude of subsites for cancer development.
Sometimes studies analyzing the effects of HP'V on the survival of head and neck cancers
can be confusing in that they unify the survival analysis without stratifying the primary
tumors by location, especially hypopharyngeal and laryngeal cancers, which are sometimes
combined in non-oropharyngeal cancers [14,47]. In our view, this could lead to incorrect
conclusions. The oropharynx, larynx, and hypopharynx are three distinct locations with
different prognoses based on lymphatic drainage alone. In our study, an analysis of all
HNSCC in a Cox regression did not show p16, p53, or other variables to be significant
factors affecting the survival of the patients. This indicates that patients should preferably
be stratified by the primary location of the tumor to obtain a more comprehensive view of
the potential risk factors.

This study reaffirmed the predictive role of p16 overexpression in OPSCC (univari-
ate survival analysis), confirming better survival in patients with pl6+ tumors [48,49].
This trend continued in the Cox regression analysis, with statistical significance further
confirming its role as a distinct predictive marker for OPSCC. However, for HPSCC and
LSCC, this could not be confirmed in the univariate survival analysis. The Cox regression
analysis showed better survival and a lower risk of death for patients with pl6+ HPSCC,
suggesting that there might be a reason to consider it as a predictive marker. Several studies
have shown similar findings [50,51]. There is also a question of p16's association with
HPV activity in non-oropharyngeal squamous cell carcinoma, whether it can be used as a
surrogate marker for HPV infection, and whether it serves as a suitable prognostic factor of
survival. Several studies have shown that p16 often does not correspond to the HPV status
in non-oropharyngeal cancers; however, it has a prognostic value for survival [52-54].

The lack of significance for many analyzed variables in OPSCC (univariate survival
analysis) of our study could be due to the relatively small patient number in this subgroup,
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which could affect the statistical power of analysis. Additionally, the high number of
smokers and alcohol abusers could also affect the significance of the results. This is
accounted for in the Cox regression model.

The univariate survival analysis of p53 immunochistochemical expression showed
significantly better OS5 and DSS in p53+ HPSCC. The trend persisted in the Cox regression,
although without statistical significance. Similar findings were present for OPSCC in the
Cox regression analysis; p53 overexpression (p53+) was associated with a significantly
lower risk of death. This could be due to the tumor-suppressing properties of p53. However,
there was a considerable number of HPV16-positive samples and even more HPV16 E6/E7
mRNA-positive OPSCC samples. A logical picture would be that in HPV-driven cancer, p53
is suppressed, resulting in a p53-negative result that is confirmed using immunohistochem-
istry. Published data suggest that HPV-driven tumors show p53 downregulation [55-57].
On the contrary, Hasegawa et al. [58] reported that p33 overexpression correlates with
a better response to chemotherapy and is thus associated with better survival. Similar
results were demonstrated by Sun et al. [59]. In these studies, however, the HPV status
was not studied. Initially, in HPV-driven cancers, there could be p53 overexpression due
to the degradation of pRb by E7 oncoprotein and increased stabilization of p53 [60]. A
meta-analysis of oral tongue squamous cell carcinoma showed that p53 could not be used as
a prognostic biomarker for these tumors [61]. Similar conclusions were made by Halec et al.
for LSCC [36]. Unfortunately, our study did not include an assessment of TP53 gene
mutations, which could have clarified some questions about the previously mentioned
points [62,63]. Additionally, there is a possibility that p53 overexpression is unrelated to
HPV infection, especially considering the high number of smokers in our study. Additional
studies are needed to study the prognostic role of p53 in HNSCC, especially in OPSCC
and HPSCC.

To the best of our knowledge, very few studies have been focusing on HPV oncopro-
tein E6/E7 immunohistochemical expression and its role in survival or prognostic values.
As E6 and E7 are considered to be the main driving forces of HPV-mediated carcinogenesis,
we found it interesting to study the role of these proteins in survival using immunohisto-
chemistry. In the cases of both OPSCC and HPSCC, the immunohistochemistry results of
HPV16 E6 protein expression showed that patients with positive staining in their tumor
samples had a better survival rate. However, a high expression of either p16 or p53 was
simultaneously found with E6, which could be considered a positive outcome marker
for the patient. Moreover, there is a possibility that at a certain stage of viral activity,
this oncogene (E6) did not have time to disrupt the cell cycle. For example, E6 initiates
proteasome-dependent p53 degradation by recruiting the ubiquitin ligase E6AP. Further-
more, only the combined complex of E6 and E6AP is reactive with p53. This means that the
expression of a single HPV16 E6 protein cannot affect p53 degradation (detection could
be less informative for a patient’s outcome prognosis) [64]. Unfortunately, EGAP activity
was not studied in this research. A prospective study (of the dynamics with several time
points) might better reveal HPV oncogenes’ roles in the progression of an HNSCC tumor,
as a persistent HPV infection is a major factor for carcinogenesis [65]. With this study, it
is difficult to distinguish persistent from non-persistent HPV infections (sampling was
performed only a single time). However, in patients with HPSCC, E6 protein was detected
using only immunostaining, while E6 mRNA was not detected, and HPV16 DNA was
still detectable. This could indirectly indicate the presence of a persistent HPV16 infection,
which could be one of the reasons why the presence of HPV16 DNA in the samples of
patients with HPSCC showed worse outcomes.

E7 is recognized as the major transforming protein of high-risk HPVs due to muta-
tional analyses in transformation assays [66]. In addition, it was shown that E7 precisely
drives early tumorigenesis [67]. The present study shows that the IHC overexpression
of HPV16 E7 protein in OPSCC is associated with a poorer prognosis (Cox regression).
However, in HPV-associated tumors, the E7 protein should be the driving factor for p16
overexpression, which is associated with better survival. On the other hand, some studies
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report that the overexpression of p16 has consistently and repeatedly been shown to be
associated with a better response to therapy and a favorable clinical outcome in OPSCC,
and not all cases of p16 overexpression could be related to HPV’s oncogenic activity [68,69].
This suggests the presence of additional mechanisms of E7-protein-associated carcinogen-
esis. Several studies have shown that E7 induced the upregulation of several types of
matrix metalloproteinases [70,71]. This process has been linked to the promotion of the
invasiveness the tumors [72]. Additionally, the protein function of HR-HPV E7 has been
associated with a more stable mitotic function that is needed for viral genome maintenance
and replication [73,74]. These processes could lead to an invasive and potentially metastatic
phenotype of cancer, and this could explain the poorer prognosis in OPSCC with IHC
HPV16 E7 protein overexpression [66]. Oton-Gonzalez et al. [75] showed that patients
with OPSCC with detectable HPV16 E7 protein in their serum had poorer relapse-free
survival and OS. The authors also showed a correlation between E7 protein in serum and
E7 mRNA expression. Thus, they concluded that the source of the E7 protein must have
been HPV16-positive cancer, more specifically circulating tumor cells, suggestive of the
metastatic process. It is worth noting that not all tumors are HPV-related, and it was shown
that virus-induced oncogenesis takes a long time to develop and that some patients with
HNSCC can have a concomitant HPV infection [66].

One limitation of our study is the relatively small number of patients for each region
(oropharynx, larynx, and hypopharynx), which could result in insufficient statistical power
and limit the conclusions drawn for some markers, especially if they did not reach statistical
significance. However, it is hard to deny the observed trends of the studied markers and
their effects on survival. The other limitation is that almost all HPSCC samples were FFPE
due to possible genetic material degradation, especially that of RNA. On the other hand,
all samples were viable for analysis based on the intrinsic control of the kit that was used
(mRNA detection) or (-globin detection (DNA quality).

5. Conclusions

HPV infection plays a significant role in the tumorigenesis of HNSCC, especially
OPSCC. It should be noted that not only HR-HPV but also LR-HPV could affect survival
prognosis. The immunohistochemical assessment of HPV16 E6 protein expression should
be interpreted as a useful prognostic marker for OPSCC and HPSCC.
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