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Nasopharyngeal Carcinoma in Scotland:

A Pilot Study on the Role of Human Papillomaviruses and Genetic Markers

ABSTRACT

Perla Steinsdéttirl, Kate Cuschieriz, Ingo6lfur Johannessen®
'Faculty of Medicine, the University of Iceland and ® Scottish HPV Reference Laboratory, the Royal Infirmary of Edinburgh

Background: The actiology of nasopharyngeal carcinoma (NPC), a common cancer
in certain parts of the world (in particular, SE-Asia), remains unclear although
Epstein-Barr virus (EBV) is considered an essential co-factor. This study aimed to
delineate the possible role of human papillomaviruses (HPV) in NPC development in
a Scottish cohort and assess correlation with single nucleotide polymorphisms (SNPs)
and microsatellite markers known to be associated with human malignancies.
Method: Using data from the Scottish and Nordic Cancer Registries, incidence rates
were investigated for a median of 23 years up until 2011. Clinical data was collated
for 58 patients treated for NPC at the Edinburgh Cancer Centre (NHS Lothian) during
the period 2000-2013 and biopsy samples from a subset of 32 patients analysed for
HPYV infection and SNP/microsatellite markers by molecular methods.

Results: Over a median period of 23 years (up until 2011), NPC incidence has not
risen significantly in Scotland or the Nordic countries, which is in contrast to the
observed rise in (HPV-associated) oropharyngeal cancer in Scotland. Of the biopsy
sample panel examined, 10 out of 32 cases (31%) were HPV+ve (8§ HPV16; 2
HPV18/82). All 10 HPV+ve samples, and 19 out of 22 (86.4%) HPV-ve biopsies,
comprised of non-keratinising carcinomas (NKC) whilst 3 out of 22 (13.6%) HPV-ve
samples were keratinising carcinomas. Patients with HPV+ve NPC tended to be
younger at time of diagnosis (mean age 53.4 vs 57.5 years; p=0.405) and had a lower
male-to-female ratio (1.5 vs 6.3; p=0.1655) than patients suffering from HPV-ve
lesions. No HPV+ve cases were diagnosed in patients of Asian background whereas 3
out of 22 (13.5%) HPV-ve cases were Scottish Asians (p=0.0694). SNP/microsatellite
marker analyses did not show any significant correlation with NPC when compared
with controls. However, the 16904029 GG genotype was common in HPV+ve cases
(80% vs 55%) and patients of Caucasian background (75.0% vs 28.6%).

Conclusions: The study suggests a possible role for HPV (in particular, HPV16 and
18) and the rs6904029 GG genotype in the development of a subset of NPC, which

merits further investigation of a larger sample panel.
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1. Introduction

1.1 Cancers in Scotland

1.1.1 All cancers

In 2011 approximately 14,500 males and 15,600 females were diagnosed with cancer
in Scotland (excluding non-melanoma skin cancers). The most commonly diagnosed
cancers in all persons were cancers of the trachea, bronchus and lung followed by
breast, colorectal and prostate cancers. Head and neck cancers were the 6™ most
common overall and when stratified by gender they ranked 4™ in males and 9" in

females with 821 and 365 diagnosed in 2011, respectively (1).

1.1.2 Head and neck cancers

Head and neck cancers are commonly divided into seven groups of which cancer of
the lip, oral cavity and pharynx is one. In 2011, about 550 males and 300 females
were diagnosed in Scotland with cancer of the lip, oral cavity and pharynx. Recently,
incidences have been rising in that group of cancer. The incidence rate for all persons
has risen from 10.1 in 1987 to 16.2 in 2011 (2). This has among other things been
attributed to the rise of oropharyngeal squamous cell carcinoma (OPSCC). A growing
proportion of OPSCC are associated with human-papillomavirus (HPV). HPV has
both been found to be an independent risk factor for OPSCC and indicator of better

prognosis when compared with the HPV-ve lesions (3).
1.2 Nasopharyngeal carcinoma

1.2.1 Epidemiology

Nasopharyngeal carcinoma (NPC) is a rare cancer in developed countries with an
overall age-adjusted incidence of 0.6 in males and 0.2 in females. The incidence rate
is higher in males with the male-to-female rate ratio often ranging between 2 and 3
males per female. Although the overall age-adjusted incidence rate for developing
countries is only slightly higher, 2.0 and 0.8 in males and females, respectively,
certain geographical regions and countries have considerably higher incidence.
Overall, 82% of NPC worldwide occur in Asia (4). The highest incidence is reported
in SE-Asia with NPC being endemic in Malaysia, Indonesia and Singapore. Other

observed high-incidence areas include Hong Kong, Guangdong province in China and



Southern Asia as well as the Inuit populations of Alaska, Greenland and Northern
Canada (5, 6). Among Chinese individuals living in the US, the rates remain higher
than in Caucasians but the rates are still considerably lower than that found among
Chinese populations living in SE China (7). Reported rates among Scots are
consistent with developed countries with the overall age-adjusted incidence rate of 0.7
and 0.2 in males and females, respectively. However, recent evidence suggests that

incidence may be rising in Scotland (8).

1.2.2 Risk factors and pathogenesis

The pathogenesis of NPC is still not fully understood despite considerable research
although epidemiological studies suggest that environmental, genetic and ethnic
factors play a role in the aetiology of the lesions. Environmental risk factors include
Epstein-Barr virus (EBV), formaldehyde, Cantonese salted fish, tobacco smoking and
wood dust, and the International Agency for Research on Cancer (IARC) has
classified these environmental factors as Group 1 human carcinogens for NPC (9).
Importantly, EBV is found in the majority of NPC (see section 1.3 below) (10).
However, EBV is ubiquitous and >90% of the world population will have acquired
the virus by adulthood (11), yet NPC is relatively rare which leads to the observation
that the above-mentioned risk factors may play a role in pathogenesis but are on their
own not sufficient to cause NPC. Three separate groups have performed genome-wide
linkage analysis on families with strong history of NPC and have identified
susceptibility loci on chromosome 4p, Sp13 and 3p21 (12, 13). However, these results
lack consistency and more studies on genetic predisposition are needed. A postulation
is that EBV is a co-factor that acts in the context of host human leukocyte antigen

(HLA) alleles in NPC tumorigenesis (14).

1.2.3 Classification

NPC comprises of squamous carcinoma cells and a non-neoplastic lymphocytic
infiltrate. The World Health Organisation (WHO) classifies NPC according to
histological type into keratinising squamous cell carcinoma (KSCC; WHO-I), non-
keratinising carcinoma (NKC; WHO-II/III) and basaloid squamous cell carcinoma.
NKC can be further classified into differentiated (WHO-II) and undifferentiated
(WHO-III) lesions although the clinical usefulness of this subdivision is debated (15).
Overall, NKC is more prevalent than KSCC but KSCC is increasingly represented in



non-endemic NPC regions. Of southern Chinese NPC patients, 98%' were diagnosed
with NKC and 2% with KSCC. In North America, the distribution was 75% 2 and
25%, respectively (16). Recent studies have found KSCC to constitute 8.9-15.5% of
NPC in the UK population (17, 18).

1.2.4 Staging

The two most commonly used tumour-node-metastasis (TNM) staging systems are
the American Joint Committee on Cancer/Union for International Cancer Control
(AJCC/UICC) system (favoured in Europe and North America) and The Ho system
(favoured in Asia) (19). Table 1 shows AJCC/UICC 7t (and most recent) edition of
NPC — TNM C(lassification of malignant tumour (20, 21). Imaging studies are a
crucial tool in staging of NPC. Ideally, both magnetic resonance imaging (MRI) and
computerized tomography (CT) should be used since they complement each other.
MRI is better suited than CT to imaging soft tissue and differentiating tumour from
healthy soft tissue (22). However, when it comes to assessing the tumour growth into
the skull and the erosion of bone, CT is the appropriate approach (23). With a higher
TNM stage comes the need to assess possible metastasis with distant imaging such as
chest X-ray, bone scan and liver ultrasonography (24). At time of diagnosis, NPC is

most often at TNM stage II1 or IV (25).
Table 1 AJCC/UICC 7th TNM staging system (21)

T-primary tumour M-distant metastasis
T1 Nasopharynx, oropharynx or nasal cavity extension =~ MO  No distant metastasis
T2 Parapharyngeal extension M1  Distant metastasis
T3 Bony structure of skull base and/or paranasal sinuses Stage grouping
T4 Intracranial, cranial nerves, hypopharynx, orbit, I T1+NO+MO
infratemporal fossa/masticator space II T1+N1+MO, T2+NO0-1+MO

I T1-2+N2+MO, T3+N0-2+MO

N-regional lymph nodes Va  T4+N0-24M0

NO  No regional lymph node metastases IVb  Any T+N3+MO
N1 Unilateral metastasis in cervical lymph node(s), IVc  Any T+Any N+M1
uni/bilateral retropharyngel lymph nodes, <6 cm in
greatest dimension, above the supraclavicular fossa
involvement
N2 Bilateral metasis in cervical lymph nodes(s), <6 cm
in greatest dimension, above the supraclavicular
fossa
N3a >6cm
N3b  Extension to the supraclavicular fossa

1304 WHO-II and 95% WHO-III
2 12% WHO-II and 63% WHO-III



1.2.5 Clinical features

NPC is commonly at an advanced stage when diagnosed (see 1.2.4 above). This can
be attributed to minimal symptoms for carcinoma in situ (CIS) and difficulties
examining the nasopharynx, which is done endoscopically. A retrospective study of
4,768 patients in Hong Kong identified a neck mass as the most common
presentation. The neck mass was most often due to enlarged upper cervical lymph
nodes. At diagnosis, 74.5% patients had metastasis in cervical lymph nodes, which
was bilateral in 50.4% of patients. The second most common complaint was nasal
symptoms including discharge, bleeding and obstruction. Rarer complaints included
otological symptoms and symptoms due to cranial nerve involvement. Although these
symptoms were not a common source of presenting complaints, patients often
developed them by the time they were diagnosed. The same study reported that most
patients (81.9%) presented with multiple symptoms/signs, 17.8% presented with a

single complaint and the rest were asymptomatic (25).

1.2.6 Management

Management of NPC has come a long way and is considered to be one of the success
stories in oncology. The average 5-year survival rate reached 70% in the 1990s
having increased more than 2-fold since the 1960s (26). The increased survival rate is
attributed to better understanding of NPC pathogenesis, advancement of radiotherapy
and the use of combined chemo- and radiotherapy. A 2006 meta-analysis found
chemo-radiotherapy to be beneficial compared to radiotherapy on its own in both
overall and event-free survival. As a result, concurrent chemo-radiotherapy is now
considered to be best practice (27). However, surrounding the tumours in the base of
the skull are dose-limiting vital organs that affect radiotherapy and can lead to
dangerous complications if damaged. Intensity-modulated radiotherapy (IMRT)
lessens the frequency of complications by reducing normal tissue doses and providing
more homogenous target tissue doses (28). IMRT has been found to have great loco-
regional impact on NPC but a recent study suggests the value of exploring alternative
chemotherapy to the current cisplatin-based one, which is not effective enough

against distant metastasis (29).
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1.3 Epstein-Barr Virus

1.3.1 EBV malignancies

EBV is a ubiquitous human herpesvirus that establishes a latent infection in host B
cells and persists for life. The virus was first discovered in Burkitt’s lymphoma (BL)
in 1964 by Epstein et al. (30) and was later classified as a herpesvirus, more
specifically y-herpesvirus of the Lymphocryptogenus. In 1968, primary EBV
infection was linked to infectious mononucleosis (IM) (31). EBV’s oncogenic
potential became even more evident when it’s relationship with NPC was discovered
in 1970 (32). Since then, EBV has been associated with Hodgkin’s lymphoma (HL),
post-transplant lymphoproliferative diseases, NK/T-cell lymphomas and gastric

carcinomas (11).

1.3.2 EBV latency

Three different latency types in EBV malignancies have been identified in vitro based
on promoter activity and latent protein expression. Type I is characterised by Burkitt’s
lymphoma; type II by NPC, gastric carcinoma and HL and type III is characterised by
in vitro EBV-immortalised B lymphoblastoid cell lines (BLCLs) and post-transplant
lymphoproliferative disease (PTLD) (33, 34). Latent EBV proteins include six EB
nuclear antigens (EBNAs) and three latent membrane proteins (LMPs). The EBNAs
are expressed by all EBV-infected cells and include EBNA 1, 2, 3A, 3B, 3C and
Leader Protein (LP) that can influence both viral and cellular transcription. LMPs
include LMPs 1, 2A and 2B (11). EBNA2 and LMPI are considered to be EBV
oncogenes, and the presence of LMP1 in NPC tumour biopsies suggests that it might
play a role in the lesions tumorigenesis (35). A study that found 71% of NPC patients
with serum LMP1 antibodies compared to 5% of healthy EBV seropositives further
emphasises the importance of LMP1 in EBV-infected NPC lesions (36). So-called
BART transcripts and small EBV-encoded RNAs, EBER1 and EBER 2, are detected
in EBV malignancies of all latency types. However, EBERs functions are unclear as
they are non-polyadenylated, hence non-coding (37). Table 2 summarises EBV

latency proteins and associated diseases in each EBV latency programmes.
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Table 2 EBV latency programmes and human diseases (34)

Latency Programme EBV gene expressed Dieseases associated

Type 1 EBNAI, EBERs, BART BL

Type 11 EBNAI, LMP1, LMP2A, LMP2B, NPC, HL, gastric carcinoma
EBERs, BART

Type 111 EBNAI, EBNA2, EBNA3A, BLCL, PTLD

EBNA3B, EBNA3C, EBNALP,
LMP1, LMP2A, LMP2B, EBERs,
BART

1.3.3 EBV and NPC pathogenesis

EBV’s role in NPC pathogenesis is still not fully understood despite vast research and
it being 44 years now since the connection was made. EBV DNA has been detected in
NKC in both endemic and non-endemic areas (32, 38). The connection between
KSCC and EBV isn’t as established, suggesting that there may be other aspects
involved in the pathogenesis of KSCC than in NKC (39). However, when EBV is
found in NPC, the viral genome is clonal (from a single progenitor cell). Therefore,
the virus infects the epithelial cell before clonal expansion of the malignant cell and
may play an early role in pathogenesis (40, 41). Even though EBV infection is an
early event, the virus is thought to behave as a tumour-promoting agent (co-factor)
rather than an initiating factor. The proposed initiating factors are carcinogens (e.g.
salted fish, tobacco smoke) that lead to genetic changes in nasopharyngeal epithelial
tissue and eventually predispose the epithelium to EBV infection (42-44). Studies
have identified important diagnostic and prognosis factors such as raised serum EBV
capsid antigen (VCA) IgA levels in endemic areas, which can be used successfully as
a screening method in such areas (45). Furthermore, for EBV+ve NPCs, pre- and
post-treatment plasma EBV DNA viral load (VL) is strongly indicative of treatment
response, risk of relapse and overall survival. Patients with higher pre-treatment EBV
VL are more likely to have events post treatment and survive shorter than those with
lower VL (46). Post-treatment EBV VL reflects residual tumour and higher VL

indicates shorter overall survival (47).
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1.4 Human papillomavirus

1.4.1 Papillomaviruses

Papillomaviruses (PV) are small double-stranded DNA viruses that infect various
animal species and draw their name from the animal they infect (e.g. bovine
papillomavirus, canine papillomavirus, etc.). The origin of PVs can be traced back
350 million years to the origin of amniotes (48). However, they are species-specific
viruses meaning that bovine papillomavirus can only infect cows and no other
species. PVs preferentially infect mucosal or cutaneous epithelium and are classified
into genera based on genome sequencing. The genome is divided into early (E1-E7)
and late region (L1-L2) and a new variant is classified as such if >10% of the L1

open reading frame (ORF) differs from all known PVs (49).

1.4.2 Human papillomavirus

Human papillomaviruses (HPV) are divided into five genera. The largest is the alpha
genus, which contains both mucosal and cutaneous HPVs (50). Furthermore, HPVss
are stratified into high- and low-risk according to their tumorigenic potential. The
mucosal types are either high- or low-risk. WHO has identified twelve high-risk
HPVs (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59) of which HPV16 is
considered to be the most oncogenic due to its association with multiple cancer sites
(51, 52). The genes E6 and E7 code for the the primary oncoproteins of HPV (53) and

their expression levels are directly related to the severity of the neoplasia (54).

1.4.3 HPV life cycle

HPV-infection occurs through a break in the epithelium, a so-called microwound,
which allows the virus to access the basal lamina where it can infect basal stem cells
(55). A key factor in persistent HPV lesions is thought to be the virus’ entry into basal
stem cells since the stem cells are long-lived. High-risk HPVs are tenacious and can
persist for years while pushing the basal cell layers of their infection site into
proliferation (56, 57). Regardless of the cell proliferation, the viral genome is initially
amplified in the lower epithelial layers. A low number of genome copies, thought to
be 200, are then maintained in the basal layer. Viral expression can lead to genome
amplification in the upper epithelial layer where viral particles are packaged and

released or the expression is deregulated which can lead to dysplasia and neoplasia.
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Most HPV infections are cleared whilst some become latent and play an etiological

role in some diseases (58).

1.4.4 Clinical manifestations of HPV infections

Diseases caused by HPVs include cutaneous warts, anogenital warts and neoplasia
(59-61). Worldwide, the most common HPV-related cancer is cervical cancer and in
2012 there were more than 520.000 newly diagnosed cases and over 260.000 deaths
associated with the malignancy (4). Of the high-risk types, HPV16 has the strongest
association with cervical cancer, and together with HPV18, accounts for 65% of
cervical cancer cases (62). HPV has also been found in other anogenital carcinomas
such as that of the vulva, vagina, penis and anus (60, 63). Increasingly, HPV is found
in head and neck cancers such as OPSCC (64). Since such HPV+ve tend to have
better survival than HPV-ve lesions, the HPV status of OPSCC is used as a prognostic
tool (65). This has spiked interest in possible association with NPC and recent studies
have detected HPV in 5-50% of NPC cases. HPV+ve cases have mainly been KSCC
histological type but the inconsistency of study findings necessitates further studies
(66). Furthermore, meta-analyses have found HPV16 and HPVI18 to be the most
commonly found types in oropharyngeal, oral cavity and oesophagus cancers (67, 68).
The enormous global burden of disease stemming from HPV is clear but to fully

understand the impact of HPV on cancer, further studies are required.

1.5 Genetic susceptibility

Both EBV and HPV are ubiquitous viruses and both have been associated with NPC
although the evidence for EBV is stronger than for HPV. However, NPC still remains
a rare malignancy in developed countries and additional/unknown factors play a role
in the pathogenesis. An important factor might be the individual’s immune response
to viral infections perhaps dictating whether the virus is able to develop a latent
infection or not. A single-nucleotide polymorphism (SNP) rs12979860 in interleukin-
28B (IL28B) has been associated with outcome of hepatitis C virus (HCV) infection.
A CC genotype is linked both to a sustained virological response (SVR) to interferon-
a/ribavirin treatment of HCV and spontaneous clearance of the infection (69, 70).
Numerous studies have been done on genetic risk factors for EBV-related
malignancies. In 1974, an NPC-susceptibility locus associated with the HLA region

was identified in high-risk population of Singapore and has since been one focus of
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investigation (71). A further study narrowed the region down between microsatellite
markers D6S510 and D6S211 of the HLA-A locus (72). However, genome-wide
association study (GWAS) in Taiwan identified multiple loci within the HLA region
at chromosome 6p21.3 connected to NPC (73). Studies on other EBV-associated
diseases seem to have obtained more specific results. For example, alleles of
microsatellite markers D6S510 and D6S265 within the HLA class I region have been
associated with development of IM and higher EBV VL in IM patients (74). GWAS
on HL identified five loci (rs6904029, rs2734986, rs6903608, rs2395185 and
1s2248462) in the HLA region on chromosome 6p21.3 associated with the disease
(75).

1.6 Study aim

The study aimed to address epidemiological questions and use molecular techniques
to identify the HPV status of Scottish NPC patients and distribution of polymorphism
in SNPs and microsatellite markers. Firstly, we aimed to see whether NPC incidence
has risen significantly in Scotland and compare the incidence to Nordic Countries
(Denmark, Norway, Sweden, Iceland and Finland). We then hoped to identify the
prevalence of HPV in Scottish NPC. Thirdly, we looked at specific SNPs and
microsatellite markers to assess whether they are associated with NPC or subgroups

of NPC patients.
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2. Material and methods

2.1 Capture of national statistics on NPC

Information on NPC registration, survival and incidences in the Scottish population
was acquired from the Information Services Division (ISD) of Health Protection
Scotland (HPS; Glasgow) for the period 1975-2011 (8). ISD collate national health
care statistics for Scotland including cancer registrations. All Nordic countries NPC
incidence rate adjusted to world standardised incidence rate was accessed via each
country’s cancer registry. The Swedish Cancer registry had information on
registration and incidences available on their website from 1992 to 2011 (76).
Icelandic, Finnish, Norwegian and Danish cancer registries were contacted via e-mail

to acquire data on registration and incidences from 1992 to 2011 (77-79).

2.2 Study population

Initially 62 patients with primary NPC treated in a single centre in Edinburgh were
identified. The patients were diagnosed between 2000 and 2013. Three patients with
adenoid cystic carcinoma and one with unknown primary were excluded. Notes of the
remaining 58 patients were reviewed. Demographics and clinical variables were
collated and included information on age, gender, ethnicity, tobacco use, alcohol
consumption, TNM-classification, EBV status, tumour histology and survival. Other
variables such as first symptoms/signs and treatment options were also collated for
further studies. Formalin fixed paraffin wax-embedded (FFPE) samples were
available for 32/58 patients and a single pathologist reviewed and confirmed
diagnosis of NPC. The remaining 26 patients resided outside the Lothian (greater
Edinburgh) area and associated histology blocks could not be accessed due to
permission restrictions between health-boards during the project. Three sample sets
were used as controls for SNPs and microsatellite markers. Firstly, OPSCC samples
from patients diagnosed 2011-2012 with the median age 61 and of which 48.3% were
HPYV positive. Secondly, archived cytology-negative samples originally derived from
the Scottish cervical cancer screening program of which 56.0% were HPV positive.
Finally, EBV-seropositive health students at the University of Edinburgh. Available
nucleic acid extractions from OPSCC samples were genotyped for all SNPs and
microsatellite markers and compared to NPC samples (see below). Information on

IL28B genotype was available for the cervical cancer screening samples and on
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1$6904029, 152734986, 156903608, rs2395185, rs2248462, D6S510 and D6S265
genotype for EBV-seropositive healthy individuals.

= HPYV detection ‘
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nucleic acid
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152395185, 1224846212
Controls:!OPSCC, ZEBY seropositive healthy individuals, 3Cytological
negative cervical screening samples | SNP: [L28B!S

Figure 1 Research approach

2.3 DNA extraction

DNA was extracted from FFPE samples using QIAmp DNA Mini Kit (Qiagen,
Crawley, UK) using an adaptation for tissue samples originally described by Steinau
et al. (80). This involved overnight digestion of 10 pm sections of the relevant FFPE
block with proteinase K prior to ethanol precipitation and purification of nucleic acid
via silica spin columns. Quantity and purity of nucleic acid was assessed with a

nanodrop spectrophotometer (Supplementary table 1).

2.4 HPV detection

Genotyping was done at the Scottish HPV Reference Laboratory (SHPVRL) at the
Royal Infirmary of Edinburgh (RIE) and was performed using the Multimetrix HPV
Genotyping Kit using the method previously described by Schmitt et al. (81, 82).
Briefly, this involves broad-spectrum amplification of L1 DNA sequence using the
Qiagen Multiplex PCR kit (Qiagen, Crawley, UK). Amplicons are subject to
genotyping using Luminex 200 Analyzer. The assay detects all carcinogenic HPV
types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 and 59), 7 types considered
probably/possibly carcinogenic (26, 53, 66, 68, 70, 73 and 82) and 5 low-risk types
(6, 11, 42,43 and 44) (83).

2.5 SNP genotyping
Genotyping of SNPs 1s6904029, rs2734985, rs6903608, rs2395185 and rs2248462

was carried out at the Centre for Virus Research, University of Glasgow. The reaction
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volume of 10 pul contained 1 x TagMan Genotyping Master Mix (Applied Biosystems,
Paisley, UK), 20 x SNP genotyping primer set and 20 ng extracted nucleic acid. PCR
and allelic discrimination were performed on an ABI 7500 Real-Time PCR System
(Applied Biosystems, Paisley, UK) using standard protocols. IL28B genotyping was
performed at University of Edinburgh using the Stratagene MxPro3000 instrument
and software (Agilent Technologies, Craven Arms, UK). The reaction volume of 10
ul was prepared using LightMix Kit IL28B (TIB MOLBIOL, Berlin, Germany) and

contained Roche FastStart and 20 ng of nucleic acid.

2.6 Microsatellite Marker genotyping
Microsatellite markers D6S265 and D6S510 from the HLA class I locus were

amplified in a total reaction volume of 15 ul that contained 1x HotStar Taq Plus
master mix (Qiagen, Crawley, UK), 2.5 uM of forward and reverse primers (74, 84)
and 20 ng of nucleic acid. Amplified product was diluted 1:10 with nuclease free
water and then further diluted (1:10) in Hi-Di formamide containing GeneScan
350Rox size standard (Applied Biosystems, Paisley, UK). For samples, when the
analysis didn’t yield results, the PCR product was used neat. The final product was
run on 3130 Genetic Analyzer (Applied Biosystems, Paisley, UK) and analysed on
Peak Scanner v. 2.0 (Applied Biosystems, Paisley, UK).

2.7 Analysis

Categorical data was cross-tabulated with Fishers exact test on R. Survival analysis
was performed using Kaplan-Meier survival curves and presented with median
survival times and log-rank statistics. Survival statistical analysis was performed on

JIMP.

2.8 Governance

Permission for use of the samples/associated information was provided by the South
East of Scotland Bioresource — Project ID SR308. Activity related to the project was
also performed in the context of an honorary research assistant contract with NHS

Lothian.
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3. Results

3.1 NPC Incidence in Scotland and Nordic Countries

Scotland
0.80
0.70
0.60

0.50

0.40 “==Male

e Female

0.30

0.20 —

0.10

Incidence rate per 100.000

0.00

1977-81 1982-86 1987-91 1992-96 1997-01 2002-06 2007-11
Figure 2 NPC in Scotland

For the period 1977 to 2011 incidence rates age adjusted to European standard
population show no increase in the Scottish population (Figure 2). Furthermore, for
the period 1992 to 2011 no increase in incidence was observed in Iceland, Finland,
Sweden or Norway (Figure 3-4). At the time of analysis, Denmark’s statistics weren’t
available. World standard population was used for Icelandic, Finnish, Swedish and
Norwegian incidence rate and, thus, cannot be compared directly with the Scottish
data. Due to similarity in incidence rate both between countries and time periods no

statistical analysis was performed.
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Figure 4 NPC in Nordic females

3.2 Patient Characteristics

Characteristics of all patients, including stratified by viral status, can be found in
Table 3. Overall, the mean age at diagnosis was 55.2 years, majority of them were
male (75.9%) and Caucasian (81.0%). Patients of Asian origin were mostly from S-
China (10/11, 90.9%) with one from Thailand. Most patients were smokers or ex-
smokers (62.0%) and 12 (20.7%) had a history of abnormal alcohol use. Forty-eight
patients (82.8%) had metastasis in the regional lymph nodes at diagnosis. Thus, 50
(86.2%) patients have an advanced stage of III or IV. Unfortunately histological
classification, KSCC vs. NKC, was not provided in the notes of all patients so

information is lacking on histology type for most patients with unattainable samples.
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Table 3 Baseline characteristics of study patients

Characteristics All patients  HPV-negative = HPV-positive
(n=58) (n=22) (n=10) p-value*
Age,y 0.4050
Mean 55.2 57.5 534
Standard deviation 15.5 14.2 11.9
Sex, n (%) 0.1655
Female 14 (24.1) 3 (13.6) 4 (40.0)
Male 44 (75.9) 19 (86.4) 6 (60.0)
Ethnicity, n (%) 0.0694
Caucasian 47 (81.0) 15 (68.2) 10 (100.0)
Asian 11 (19.0) 7 (31.8) 0
Tobacco use, n (%) 0.1391
Ever 36 (62.1) 14 (63.6) 4 (40.0)
Never 20 (34.5) 6 (27.3) 6 (60.0)
Unknown 2(3.4) 2(9.1) 0
Alcohol use, n (%) 1.0000
Heavy 7(12.1) 3 (13.6) 1(10.0)
Ex-heavy 5(8.6) 2(9.1) 1 (10.0)
Occasional 26 (44.8) 9 (40.9) 5(50.0)
Teetotaller 15 (25.9) 4(18.2) 2 (20.0)
Unknown 5(8.6) 4(18.2) 1(10.0)
Tumour classification, n (%) 0.5808
Tl 16 (27.6) 7 (31.8) 2 (20.0)
T2 8 (13.8) 2(9.1) 0
T3 9 (15.5) 3 (13.6) 3 (30.0)
T4 20 (34.5) 8 (36.4) 4 (40.0)
Unknown 5(8.6) 2(9.1) 1 (10.0)
Nodal classification, n (%) 0.1171
NO 6 (10.3) 3 (13.6) 1(10.0)
N1 11 (19.0) 3 (13.6) 4 (40.0)
N2 29 (50.0) 13 (59.1) 2 (20.0)
N3 8 (13.8) 2(9.1) 2 (20.0)
Unknown 4(6.9) 1(4.5) 1(10.0)
AJCC stage, n (%) 0.6115
1 1(1.7) 0 1(10.0)
11 3(5.2) 2(9.1) 0
11 20 (34.5) 6 (27.3) 3 (30.0)
v 30 (51.7) 13 (27.3) 5(50.0)
Unknown 4(6.9) 1(4.5) 1(10.0)
Histology, n (%) 0.5343
NKC 35 (60.3) 19 (86.4) 10 (100.0)
KSCC 3(5.2) 3 (13.6) 0
Unknown 20 (34.5) 0 0

*P-values were calculated between patients group stratified by viral status using Fischer-exact test,
two-sample T-test was used for age comparisons
Unknowns were excluded when applicable
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3.3 Impact of HPV

All 32 samples analysed contained amplifiable B-globin and were, thus, considered to
be of adequate quality for further assessments. HPV was found in 10 samples (10/32,
31.3%) of which 8 harboured HPV16 and 2 contained HPV 18 together with HPVS§2.
None of the HPV+ve patients were of Asian origin compared to 31.8% of the HPV-ve
patients and a higher female to male ratio was observed in the HPV+ve group (40.0%
vs. 13.6%). Furthermore, the HPV+ve patients had a higher ratio of individuals who
never smoked (60.0% vs. 27.3%). The TNM stage at diagnosis between the two
groups was similar although HPV-ve patients tended to have a higher nodal class
(68.2% vs. 40.0%). However, upon formal statistical analysis, none of these

associations were found to be significant.
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Figure 5 HPV status and survival, ne=HPV- and po=HPV+

The mean days of survival for all patients were 1900.88 (Std error: 254.64). When
stratified by HPV status the HPV+ve patients had slightly higher mean of survival
2003.19 (Std error: 386.488) than the mean of HPV-ve patients, 1868.5 (Std error:
333.012). However, this was statistically insignificant and HPV status showed no
evidence of having an impact on overall survival (Figure 5). Days survived were
calculated from the date the biopsy was taken to date of death or date last seen by a

health-care professional.
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3.4 Genotype distribution of SNPs

Table 4 SNP genotype distribution

NPCH* OPSCC* Controls™*
SNP Genotype (n=32) (n=59) (n=50, n=68") p* p’
Frequency Frequency Frequency

rs6904029 GG 62.5% 44.8% 47.1% 0.5806 0.3700
AG 31.2% 46.6% 45.6%
AA 6.2% 8.6% 7.4%

rs2734986 GG 6.2% 5.2% 4.4% 0.8255 0.6204
AG 43.8% 32.8% 36.8%
AA 50.0% 62.1% 58.8%

rs6903608 TT 50.0% 62.1% 54.4% 0.8144 0.9486
CT 40.6% 29.3% 36.8%
CcC 9.4% 8.6% 8.8%

rs2395185 GG 34.4% 31.6% 47.1% 0.3710 0.5270
GT 50.0% 47.4% 41.2%
TT 15.6% 21.1% 11.8%

1s2248462" GG 64.3% 63.8% 58.8% 0.2336 0.0707
AG 25.0% 31.0% 39.7%
AA 10.7% 5.2% 1.5%

1L28B’ CC 46.9% 53.4% 40.0% 0.2327 0.7762
CT 37.5% 43.1% 48.0%
TT 15.6% 3.4% 12.0%

“* Fisher’s exact 2-sided P-value."NPC (n=28)

Controls are EBV seropositive healthy individuals except *which are archived cytological samples

from cervical screening samples

SNPs 156904029 (HLA class I, HCGY) and rs2248462 (HLA class I, adjacent to
MICB) had the largest difference in genotype proportions between NPC patients and
control (healthy EBV-seropositive individuals) (Table 4). Proportion of rs6904029
GG genotype was 62.5% and 47.1% and rs2248462 AG genotype was 25.0% and
39.7% in NPC patients and control population, respectively. When NPC patients were
stratified by HPV status, an interesting trend is observed in rs6904029. The vast
majority of HPV+ve patients (80.0%) had GG genotype of 156904029 compared to
54.5% of the HPV-ve patients (Table 5). A comparion between NPC patient and
control samples (including healthy EBV-seropositive individuals, archived cytology-
normal cervical screening samples and OPSCC patients) did not reveal any

statistically significant results.
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Table S SNP genotype distributions by HPV status

HPV-
SNP Genotype (n=22) p*
Frequency Frequency

1s6904029 GG 54.5% 80.0% 0.2279
AG 40.9% 10.0%
AA 4.5% 10.0%

152734986 GG 4.5% 10.0% 0.6046
AG 40.9% 50.0%
AA 54.5% 40.0%

156903608 TT 45.5% 60.0% 0.6393
CT 40.9% 40.0%
cC 13.6% 0%

1s2395185 GG 27.3% 50.0% 0.5128
GT 54.5% 40.0%
TT 18.2% 10.0%

152248462 GG 66.7% 60.0% 0.6987
AG 27.8% 20.0%
AA 5.6% 20.0%

1L28B cC 45.5% 50.0% 0.7801
CT 40.9% 30.0%
TT 13.6% 20.0%

* Fisher’s exact 2-sided P-value, 'HPV- (n=18)
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3.5 Microsatellite markers

When comparing NPC patients and the control population (EBV-seropositive
individuals) the most difference between them is observed for allele 3 (16.7% and
10.3%, respectively), allele 6 (24.1% and 18.4%, respectively) and allele 8 (11.1%
and 23.5%, respectively) of marker D6S510. Furthermore, a difference between NPC
patients and control group (EBV-seropositive individuals) was observed for allele 4
(17.7% and 6.6%, respectively) and allele 8 (8.1% and 14.0%, respectively) of marker
DS265. A comparison of allele frequency between NPC and control samples
(including healthy EBV-seropositive individuals, archived cytology-normal cervical
screening samples and OPSCC patients) did not show any significant associations

(Table 6).

Table 6 Microsatellite markers allele frequency

Base pair NPC OPSCC Controls
Locus Allele siz[e) (n=64 alleles) (n=118 alleles) (n=100 alleles) *p
Frequency Frequency Frequency
D6S510  Allele 1 284 35.2% 33.0% 33.8%  0.5262
Allele 2 290 0.0% 0.0% 0.0%
Allele 3 292 16.7% 12.5% 10.3%
Allele 4 294 7.4% 8.0% 7.4%
Allele 5 296 3.7% 3.6% 3.7%
Allele 6 298 24.1% 18.8% 18.4%
Allele 7 300 0.0% 0.9% 1.5%
Allele 8 302 11.1% 23.2% 23.5%
Allele 9 304 1.9% 0.0% 0.7%
Allele 10 306 0.0% 0.0% 0.7%
D6S265  Allele 1 122 9.7% 12.1% 8.8%  0.1825
Allele 2 124 0.0% 1.7% 0.0%
Allele 3 126 38.7% 34.5% 40.4%
Allele 4 128 17.7% 8.6% 6.6%
Allele 5 130 24.2% 26.7% 27.9%
Allele 6 132 8.1% 13.8% 14.0%
Allele 7 134 0.0% 0.9% 1.5%
Allele 8 136 0.0% 0.0% 0.0%
Allele 9 138 0.0% 0.9% 0.0%
Allele 10 140 0.0% 0.0% 0.0%
Allele 11 142 1.6% 0.0% 0.0%
Allele 12 144 0.0% 0.9% 0.7%
Allele 13 146 0.0% 0.0% 0.0%

*Fisher’s exact 2-sided P-value comparing NPC and controls which are EBV seropositive healthy
individuals
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4. Discussion

The study aimed to ascertain the characteristics of NPC in a Scottish population with
particular reference to a possible role for HPV and/or SNP/microsatellite markers in

NPC development.

For the period assessed (1977-2011), the study demonstrates that there is no
significant increase in NPC incidence in Scotland despite an impression of a slight
upwards trend for the Scottish male population. However, at the time of data
collection, ISD had only published data up to the year 2011 and it will be interesting
to re-examine the situation as more recent data becomes available. Fluctuations in
Icelandic incidence rates are due to its small population but Finland, Norway and

Sweden have similar and constant incidence rates for NPC.

To the best of our knowledge, this is the first study assessing HPV in the Scottish
NPC patient population. Patients’ characteristics such as mean age at diagnosis (55.2),
TNM stage (86.2 at stage III or IV) and gender distribution (male to female ratio 3:1),
see Table 3, is similar to that described in studies in other non-endemic areas such as
the USA (85-88). For example, whilst a 2013 UK study by Robinson et al. (17) had
slightly younger patient group (mean age 48), the proportion of males was the same

(73.1%) and the majority of patients (83.5%) were also diagnosed at stage 1l or I'V.

In the current study, 31.3% of lesions were HPV+ve tumours, but the reported
proportion of such lesions varies greatly between studies. For example, Robinson et
al. (2013) found 11 out of 67 tumours (16.4%) of their study panel to consist of
HPV+ve tumours that is lower than the 31.3% reported in the current analysis,
analysis although not a significant difference when the two studies are compared
(p=0.1164). Our results further emphasise that HPV16 and 18 appear to be the most
oncogenic HPV types. This conforms to results from other studies (85-87) as well as
that none of the HPV+ve cases from our research panel where of Asian origin. The
difference in tobacco use between HPV+ (40.0%) and HPV- (63.6%) NPC patients,
although not significant, implies that as with OPSCC HPV infection might be an

independent risk factor.
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Further studies are crucial on the impact of HPV infection in NPC patients, in
particular regards to survival. Stenmark et al. (87) found HPV+ve NPC to have a
worse prognosis but failed to further validate their results when adjusting for
competing risk factors. Survival of the current patient panel stratified by HPV status
was not significant. This could be expected both due to the limited number of patients
in each group and the short follow-up period for some patients. Twelve out of 32
patients were diagnosed 2010 or later and a longer follow up is needed to fully test

survival statistics.

Interstingly, the results for SNPs rs6904029 and rs2248462 show the largest
difference between NPC patients and controls, which may indicate a possible role for
these markers. In line with this is a study by Urayama et al. (75) who found
rs2248462 to be associated with HL irrespective of EBV status. With the minor allele
A being associated with a reduced risk of the disease. In contrast, the current study
found that more NPC patients were homozygous for the A allele than in the control
group, although there was not a significant association. However, the minor allele A
of 156904029 was associated with reduced risk of EBV+ve HL which is in line with
the current finding that more patients in the control group were homo- or
heterozygous for allele A (53.0%) than in the NPC patiens (37.4%)- although (again)
the association was not significant. Interestingly, studies have suggested that EBV and
HPYV infection are mutually exclusive in NPC (66). If that were correct it is plausible
that more of our HPV- then HPV+ samples are EBV+. Therefore, genotype
distribution of rs6904029 in patients stratified by HPV status is opposite to what we
would expect. HPV- group had a higher proportion of homo- or heterozygous patients
for allele A (45.4%) than the HPV+ group (20.0%). This is entirely speculative and

EBV status of the samples is needed for further evaluation.

In order to ensure diagnostic consistency, the same histopathologist reviewed the
current case series. Equally, the same researcher carried out all laboratory work.
However, the biggest limitation of this research is the amount of samples that were
unattainable for the time frame of the project. This influenced the power and

unfortunately none of our findings were significant (p<0.05).
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In conclusion, HPV is likely to have an aetiological part in NPC in the Scottish
population. Patients of Asian origin are less likely to have HPV+ve lesions. GG
genotype of 1$6904029 and AA genotype of 12248462 might be associated with NPC

and further studies are warranted.

In order to build on, and expand, the findings outlined above, work is under way in
SHPVRL to assess an extended NPC sample panel and to delineate EBV status as
well as EBV and HPV expression profiles of the lesions with a view to gain insight
into the possible contribution of these viruses to NPC development. The findings will
inform future steps towards deepening our understanding of NPC tumorigenesis and
translating that knowledge into the clinical setting in terms of identifying suitable

biomarkers for improved diagnosis and therapeutic intervention.
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Appendix

Supplementary table 1

Sample ID ng/ul 260/280 260/230 Date extracted

CASKI POS 6/3 1.67 3.35 0.23 6.3.14
CASKI POS 7/3 1.67 1.71 0.17 7.3.14
NEG 6/3 2.32 1.91 0.23 6.3.14
NEG 7/3 5.02 1.34 0.31 7.3.14
NP1 11.46 1.92 1.14 6.3.14
NP2 9.57 1.86 0.84 6.3.14
NP3 37.61 1.86 1.70 6.3.14
NP4 10.73 1.79 0.81 6.3.14
NP5 14.30 2.52 1.01 6.3.14
NP6 1.25 2.44 0.22 6.3.14
NP7 17.18 1.86 1.03 6.3.14
NP8 72.96 1.94 1.83 6.3.14
NP9 81.25 1.95 2.09 6.3.14
NP10 25.56 1.98 1.63 6.3.14
NP11 48.78 2.12 1.97 6.3.14
NP12 42.06 2.10 1.51 6.3.14
NP14 11.25 2.11 0.70 7.3.14
NP15 229.45 2.02 2.12 7.3.14
NP16 3.84 1.31 0.65 7.3.14
NP17 4.41 3.80 0.46 7.3.14
NP18 1.29 1.03 0.32 7.3.14
NP19 33.58 1.88 1.85 7.3.14
NP20 103.92 1.99 2.04 7.3.14
NP21 1.60 0.76 0.29 7.3.14
NP22 14.04 1.71 0.72 7.3.14
NP23 44.73 2.05 2.02 7.3.14
NP24 3.12 2.18 0.13 7.3.14
NP25 84.20 2.00 2.26 7.3.14
NP26 12.54 1.98 1.29 7.3.14
NP27 13.03 1.66 1.40 7.3.14
NP28 2.34 2.83 0.32 7.3.14
NP29 92.27 2.02 2.02 7.3.14
NP30 2.24 2.07 0.20 7.3.14
NP31 30.29 1.91 1.59 7.3.14
NP32 29.23 1.66 0.45 7.3.14
NP33 15.97 1.91 1.40 7.3.14
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