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Abstract

Epidemiology of head and neck cancers is currently intensively studied topic.
Recent shift in the age of incidence towards younger population is generally at-
tributed to growing proportion of head and neck cancers caused by human papillo-
mavirus - sexually transmitted virus which causes asymptomatic, but sometimes
persisting infection that can lead to malignant transformation of the infected
tissue. Significance of the topic lies mainly in the prognostic advantage of pa-
tients with virally induced head and cancers and preventability of infections with
human papillomavirus. First aim of this thesis is to demonstrate epidemiolog-
ical trends of head and neck cancers in the Czech Republic, with the focus on
change of age-specific incidence and mortality in the last three decades. Second
aim of this thesis is to identify risk factors of oral infections with human papillo-
maviruses and head and neck cancer in a case-control and cross-sectional study
of a hospital-based cohort.

Keywords: epidemiology, head and neck, HPV, tumour, cancer, risk factors

Abstrakt

Epidemiologie nádor̊u hlavy a krku je v součastnosti intenzivně studovaným
tématem. Nedávný posun věku incidence do mladš́ıch věkových kategoríı je
připisován vz̊urstaj́ıćımu pod́ılu nádor̊u hlavy a krku, které jsou zp̊usobené
lidským papilomavirem – sexuálně přenosným virem, který navozuje asymp-
tomatické a někdy persistuj́ıćı infekce, které pak mohou vést k nádorové trans-
formaci infikované tkáně. Lepš́ı prognóza pacient̊u s nádory hlavy a krku in-
dukovanými virovou infekćı a také preventabilita infekce lidským papilomavirem
jsou hlavńı d̊uvody pro intenzivńı studium této problematiky. Prvńım ćılem této
práce je ukázat epidemiologické trendy nádor̊u hlavy a krku v České republice,
s d̊urazem na změny věkově-specifické indicence a úmrtnosti během posledńıch
tř́ı dekád. Druhá část práce si klade za ćıl identifikovat rizikové faktory infekce
lidským papillomavirem v dutině ústńı a také rizikové faktory nádor̊u hlavy a
krku. K této studii př́ıpad̊u a kontrol a pr̊uřezové studii je využita nemocničńı
kohorta.

Kĺıčová slova: epidemiologie, hlava a krk, HPV, nádor, rakovina, rizikové faktory
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1. Introduction
Incidence of head and neck cancers has been increasing in recent years. This

is attributed to increasing number of cases associated with oral infection with

human papillomavirus (HPV). Not only is the infection with HPV preventable

by immunisation, but prognosis of patients with head and neck cancer associated

with HPV is better and treatment plans for such patients could be accordingly

modified. In the Czech Republic, no study yet described the epidemiological

trends of head and neck cancers observed worldwide. Additionally, currently

only one study in Czech population investigated the risk factors of head and neck

cancers and none addressed the risk factors of oral HPV infection itself. In this

thesis we aim to contribute to the state of knowledge about these issues in the

Czech Republic.

Firstly, we demonstrate epidemiological trends of head and neck cancers in

the Czech Republic. We present results of demographic analyses of mortality and

incidence of head and neck cancers.

Secondly, we aim to analyse risk factors of head and neck cancers and oral

HPV infection with data provided by National Reference Laboratory for Papil-

lomaviruses and Polyomaviruses. We present results of cross-sectional study of

risk factors of oral HPV infections (oHPV) as well as results of case-control study

investigating the risk factors of head and neck cancers.

Identifying potential risk factors of oHPV infections and HPV-associated head

and neck cancers should help to target primary and secondary prevention of both

HPV infection and the associated cancers.
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2. Literature review
Head and neck squamous cell carcinoma (HNSCC) is an overarching diagnosis

(ICD-10: C00–C14) which includes carcinomas at several anatomical sites. These

are namely: lip, base of tongue, gum, floor of mouth, palate, parotid gland, tonsil,

oropharynx, nasopharynx, piriform sinus, hypopharynx and other locations such

as major salivary glands, parts of tongue, oral cavity and pharynx (Figure 2.1).

HNSCC is one of the most prevalent cancers worldwide. HNSCC is currently

in the spotlight of research because of its interestingly changing epidemiological

patterns and unavailable preventive screening program.

Figure 2.1: Schematic depiction of head and neck cancer body regions

Retrieved from NCI (2017)

2.1 Head and neck cancer in international clas-

sification of diseases

While in ICD-10 the term HNSCC includes diagnoses C00–C14, in older revision

ICD-9 (used in years 1979–1993), the included diagnoses are 140–149 (i.e. B08

in Basic Tabulation List, BTL). As has been pointed out in review by Hashibe &

Sturgis (2013), changes in classification might compromise epidemiological stud-
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ies which use data from public databases. Nevertheless, with the knowledge of

these limitations and careful interpretation, these data still provide important

information about recent changes in HNSCC epidemiology.

2.2 Epidemiology and etiology of head and neck

cancer

Head and neck cancer is the fifth most prevalent cancer in the world. Among

European countries in 2012, Hungary had the highest incidence and mortality

from cancers of lip, oral cavity and pharynx (ICD-10: C00–C14). The Czech

Republic had the seventeenth highest mortality from HNSCC among men and

the sixth highest mortality among women in Europe (Figure 2.2). Similarly to

other countries, both incidence and mortality in the Czech Republic are higher for

men than women (Table 2.1). Also, HNSCC is the seventh most frequent cause of

death by cancer in Czech men, whereas sixteenth most frequent for Czech women

(Ferlay et al. 2013).

A B

Figure 2.2: Head and neck cancer (ICD-10: C00–C14) death rate per

100, 000 population, Europe, men (A) and women (B), 2012

Retrieved from International Agency for Research on Cancer (2012)
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Table 2.1: Incidence and death rate from HNSCC, Czech Republic,

men and women, 2014

Source of data: IHIS CR (2014)

Incidence

per 100, 000 population

Death rate

per 100, 000 population

Males 21.4 11.0

Females 8.4 3.0

Numerous studies and reviews focus on epidemiology of HNSCC in USA and

Western Europe (reviewed in Gooi et al. (2016)), but there is only limited num-

ber of studies on this topic in the Czech Republic, even though Czech Republic

has excellent (and publicly available) sources of data on incidence and mortality

(namely National Oncology Registry, web portal SVOD.cz, Czech Demographic

Handbook of the Czech Statistical Office).

2.3 Two distinct categories of head and neck

cancers

Although HNSCC was historically perceived as one disease, recent discoveries

identified two distinct populations of these tumours. HNSCC can be either

associated with tobacco and alcohol consumption or can be induced by persistent

human papillomavirus (HPV) infection of oral tissue. Traditionally, smoking and

alcohol consumption were considered to be the major risk factors for HNSCC

(Hashibe et al. 2007, Gandini et al. 2008). Even though the prevalence of

smoking in the world decreases (Agaku et al. 2014), the incidence and mortality

from HNSCC do not decline as is expected. Lately, subpopulation of these

tumours was shown to be associated with persistent infection with HPV, which

can be detected in tissue of these HPV-positive tumours (HPV+ HNSCC)

(Figure 2.3).
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Tobacco use and 
alcohol consumption

Head and neck
cancer

Oral HPV infection

Infection clearance 
by immune system

Persistence

Figure 2.3: Simplified schema of head and neck cancer etiology

Author’s own work

While incidence of HPV-negative (HPV-) HNSCC which are induced by tra-

ditional risk factors declines, distinctive proportion of HPV+ HNSCC is emerging

(Gooi et al. 2016). The two subgroups have also distinct risk factors as well as

population at risk (reviewed in Gillison et al. (2008)). Patients with HPV+ HN-

SCC are typically younger (<60 years of age) and are likely to smoke and drink

alcohol less than patients with HPV- HNSCC. Another difference is the anatomi-

cal site of these tumours: HPV+ HNSCC are usually found at the base of tongue

and in tonsils, whereas HPV- HNSCC are mainly located in oral cavity, larynx

and hypopharynx (reviewed in Lewis et al. (2015)). Up to 70% of HNSCC are

currently associated with HPV infection (reviewed in Chaturvedi et al. (2011)).

In USA, significant increase of HPV+ HNSCC incidence since 1984 was shown

to be associated with better prognosis and survival of patients (Chaturvedi et al.

2011). The importance of distinction between the two etiologies lies in potentially

different treatment plans for the patients (Mirghani et al. 2015, Urban et al.

2014)(see section 2.8).



13 Chapter 2. Literature review

2.4 Human papillomavirus, its tumorigenesis

and epidemiology

Human papillomavirus (HPV) was first described in 1950s, but came into the

spotlight of research when it was found to be associated with human malignancies

in patients with epidermodysplasia verruciformis in 1978 (Orth et al. 1978).

HPV was also found in cervical cancer tissue by Harald zur Hausen and his

team in 1984 (Boshart et al. 1984). Since then, its causative relationship with

cervical cancer has been established. HPV is also etiological agent of benign

warts as well as several malignancies including anal, vulvar and penile cancers

(zur Hausen 2009) and head and neck cancers.

Figure 2.4: Structure of human papillomavirus

Adapted from Modis et al. (2002)

HPV is a small non-enveloped virus with double stranded circular DNA

genome enclosed inside the 50 nm diameter capsid (Figure 2.4). There are more

than 200 subtypes of HPV which differ in sequence of gene coding major capsid
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protein L1. HPV subtypes are divided based on their tissue tropism - infecting

either mucosal tissues or skin (or both in case of some HPV types) (reviewed

in Knipe et al. (2002)). HPV from genus alfa are also commonly classified as

low risk (LR HPV) or high risk (HR HPV) depending on their ability to cause

malignancies (Table 2.2). LR HPV types (e.g. HPV-6 and HPV-11) are causing

benign warts and HR HPV (most notably HPV-16 and HPV-18) are responsible

for malignant tumours. Most cases (up to 90%) of HPV+ HNSCC are caused by

HPV-16 (Gillison et al. 2000).

Table 2.2: High risk (HR) and low risk (LR) HPV types

Adapted from Hamš́ıková (2008)
HPV types

HR HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 73, 82

LR HPV 6, 11, 40, 42, 43, 44, 54, 61, 70, 72, 81, cand89

HPV is a sexually transmitted virus and it is considered to be the most com-

mon sexually transmitted viral infection. The estimated prevalence is up to 39%

in young women (Howell-Jones et al. 2012), but up to 90% of adult population

has antibodies against HPV, i.e. they encountered the virus during their life

course. However, not all infections will lead to virus persistence and not every

persistent HPV infection necessarily leads to cancer transformation. The infec-

tion is usually naturally resolved by the immune system within two years after the

transmission. Small proportion of infections becomes persistent and can cause

precancerous lesions and subsequently cancer. For HNSCC, especially HPV in-

fection of oral tissues (oHPV) is thought to be the most relevant. Oral HPV

infection is estimated to be less prevalent than genital HPV, ranging from 0.7%

to 11.4% depending on the study and population in focus (reviewed in Chung

et al. (2014)).
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2.5 Risk factors of HPV infection

Since HPV is sexually transmitted, main risk factors for the infection are associ-

ated with unsafe sexual behaviour. Risk factors for contracting HPV in general

include having more than 6 sexual partners, higher frequency of sexual intercourse

and earlier age of sexual debut (age 16 or younger) (Blomberg et al. 2011).

Oral HPV infection which can develop into HNSCC is more frequent in in-

dividuals with poor oral hygiene, smokers and the risk is also greater for people

engaging in sexual activities involving oral-genital or oral-anal contact (Shi et al.

2014).

2.6 Risk factors of head and neck cancer

Both HPV+ and HPV- HNSCC are more frequent in men, but risk factors for

HPV+ and HPV- HNSCC differ (summarised in Figure 2.5). However, not all

studies differentiate between these two when assessing risk factors. Risk factors

of HPV+ HNSCC are of course closely associated with oHPV risk factors as

described above.

Figure 2.5: Differences in HPV+ and HPV- HNSCC and their risk

factors

Adapted from Lewis et al. (2015)
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Systematic review by Chancellor et al. (2016) compiles risk factors found in

21 studies. Found risk factors for oropharyngeal cancer and oral cavity cancers

include: higher number of sexual partners and experience with performing oral-

genital sex. In some reviewed studies, homosexual relationships were identified as

a risk factor. Further risk factors, which were however not as consistent among the

reviewed studies, were young age of sexual debut, number of oral sexual partners,

oral-anal contact (including the practice of oral-anal sex and the number of oral-

anal sexual partners) and also experience with anal sex. As authors discuss, some

risk factors such as absence of condom use and casual sexual relationships are

unfortunately very rarely followed. In only one of the reviewed studies (D’Souza

et al. 2007) association between oral cancers and these two factors was tested and

were, indeed, found significant.

The number of studies in the Czech population is very limited. One case

control study focusing on cohort of 86 patients with HNSCC and 117 controls

by Tachezy et al. (2009) focused on demographic factors and the role of oral

HPV infection. The study found association between HNSCC and presence of

HR HPV, experience with oral-anal contact and tobacco and alcohol use.

2.7 Prevention of head and neck cancer and

HPV infection

Prevention of HPV- HNSCC, which is associated with lifestyle risk factors, should

be focused on implementing anti-smoking policies and further educating the pub-

lic about the risks associated with smoking and drinking. HPV+ HNSCC is pre-

ventable by vaccination against HR HPV. For HPV infections and other STDs,

primary prevention oriented on good sex education programs is also very relevant.

HPV infection can be prevented by vaccination by one of the three available

vaccines. Bivalent vaccine (Cervarix) protects against infection with HPV-16 and

HPV-18. This vaccine is recommended mainly for girls before their first sexual

experience and recently, HPV vaccines were also recommended to young boys as

a means of prevention of ano-genital carcinomas and lesions. As of July 2017, the
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cost of the vaccine is covered by public health insurance in the Czech Republic

when administered to girls or boys between ages 13–14 (Czech Vaccination Society

ČLS JEP 2017).

Other vaccines are also available and actually used preferentially in some

countries. For example, United Kingdom also administers quadrivalent and non-

avalent vaccines besides Cervarix. Quadrivalent vaccine (Silgard) protects against

infection with HPV-16 and HPV-18 (HR HPV types associated with majority of

cancers), as well as against low risk types HPV-6 and HPV-11 (which cause gen-

ital warts). Nonavalent vaccine (Gardasil9) protecting against nine of the types

is also available since 2015.

Even though HPV vaccines are not yet indicated as a means of prevention of

head and neck cancers, they should protect against ano-genital as well as oral in-

fections when administered to näıve individuals who have not yet encountered the

viral infection (reviewed in D’Souza & Dempsey (2011)). Since the introduction

of the vaccine, gradual decline of HPV associated cancers is expected. However,

this will not be apparent for several years to come, because the development of

cancers is a long process (Herrero et al. 2013).

2.8 Diagnostics and therapy of head and neck

cancer

Vaccines prevent infection with the virus but cannot prevent the cancer progres-

sion. In cases when the infection leads to precancerous changes of the tissue and

cancerous transformation, the available prevention of cervical cancer is cervical

cancer screening which can detect cytological changes before the cancer progresses

and therefore enable early (and more successful) treatment. While for cervical

cancer, the screening program is implemented in most countries, screening for

head and neck cancers meets several challenges. The precancerous stages are not

as clearly defined and such screening has not yet been recommended.

Detection of the virus in the tumour tissue is the most reliable way to establish

association between the infection and the tumour. Serological tests (i.e. tests
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detecting antibodies against the virus) can only determine whether the individual

encountered the virus at some point of his life, but do not specify when it was and

in which anatomical location the infection occured. On the other hand, testing

the presence of viral DNA in healthy tissue might lead to misleading results -

mere virus presence does not necessarily lead to cancer and the infection can be

resolved by the immune system.

Problems specific to HNSCC include inaccessibility of tonsillar crypts for rou-

tine smear tests (as is routinely done for cervical cancer screening), absence of

early signs of the disease or only microscopic pathological changes in the tissue

(reviewed in Lewis et al. (2015)). Therefore, further research and identification of

early markers of precancerous stages is highly needed. Studies from 2013 and 2017

investigated the use of serological markers in prediction of subsequent HNSCC

diagnosis (Kreimer et al. 2013, 2017). According to their results, HPV antibody

levels (specifically anti-HPV-16) were elevated at least ten years prior to HNSCC

diagnosis and could serve as a prognostic marker in screening.

Good reason for HPV testing in HNSCC patients is that HPV+ HNSCC pa-

tients have better prognosis and survival. HPV status of the tumour itself is

strong positive prognostic marker and it might be beneficial to revise manage-

ment guidelines and implement less aggressive treatment options for those with

HPV+ tumours (reviewed in Kimple & Harari (2015)).

2.9 Significance of the research topic

Changes in HNSCC epidemiology and massively increasing incidence of HPV+

HNSCC are evident in the last three decades. Much is known about potential

risk factors for both HPV+ and HPV- groups, but the population at risk is still

not routinely screened. Even though this issue is a currently extensively studied

topic, much still remains to be uncovered. In the Czech Republic, only limited

number of studies was conducted. This thesis should contribute to the current

state of knowledge about HNSCC specifics in the Czech Republic.
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3. Hypothesis and aims
Currently, most prevention programs are aimed at genital HPV infections and

associated cancers (cervical cancer), but further knowledge for implementing such

course of action for oHPV has to be investigated. Main goal of this thesis is to

identify behavioural risk factors of oHPV infection and of head and neck cancer.

First part of the thesis aims to demonstrate the epidemiological trends of HN-

SCC in the Czech Republic. By demographic analyses of publicly available data,

we aim to illustrate that the population at risk changes as has been documented

in other countries. Our goal here is to answer the following questions:

1. How does mortality from HNSCC in Czech population change overtime?

2. Do age-specific death rates from HNSCC change overtime in Czech popu-

lation as we would expect based on epidemiology trends described in other

populations?

3. How is HNSCC incidence and mortality distributed in the regions of the

Czech republic?

In the second part of the thesis, we conduct cross-sectional and case-control

study with 485 participants. From this cohort, we obtained questionnaires and

clinical data which will be analysed to answer the following:

1. What risk factors are associated with oHPV infections?

oHPV infections are transmitted through oral sexual contacts. Therefore,

we hypothesise that the risk factors identified in this sections will be con-

sistent with known mechanisms of infection. We expect that oral sexual

contacts and higher number of sexual partners will be associated with the

infection.

2. What risk factors are associated with HNSCC?

We hypothesise that HR HPV and previously described risk behaviours

(e.g. smoking, risk sexual behaviours and alcohol abuse) will be associated

with HNSCC diagnosis.
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4. Data and methods

4.1 Data

4.1.1 Data on HNSCC mortality and population

Publicly available data on mortality from HNSCC accessible in WHO Mortality

Database (WHO 2016) were used for the first part of this thesis. CoDQL (Cause

of Death Query online) web interface was used to gather all necessary data. Data

used contain information about number of deaths by diagnosis ICD-10: C00–C14

for both sexes and all ages in the Czech Republic in the years 1986–2013.

Data for year 1993 and prior were only available coded in the 9th revision

of ICD in Basic Tabulation List (BTL). In order to convert diagnoses ICD-10:

C00–C14 to ICD-9 BTL, online conversion tool between the ICD-9 and ICD-10

revisions (Health Fusion, Inc 2017) and online conversion table of detailed ICD-9

(diagnoses ICD-9:140–149) codes from BTL diagnoses (B08 - malignant neoplasm

of lip, oral cavity and pharynx) were used (Wolfbane Cybernetic Ltd. 2001).

Population statistics for both sexes and all ages between years 1986–2013 were

also extracted from CoDQL (WHO 2016).

For comparison of mortality when using different definition of HNSCC, data

for diagnoses ICD-10: C00–C06; C09–C10 were filtered out of the previously

accessed data.

In addition to the original 5-year age groups in the accessed data, two new

age categories for ages 1–4 and 85+ were created.

4.1.2 Data on HNSCC mortality in regions of the Czech

Republic

Data on mortality from HNSCC (ICD-10: C00–C14) in Czech regions (2014)

were extracted from Czech Statistical Office (2016). Data were used for creating

the map of HNSCC mortality of men and women in the regions of the Czech

Republic.
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4.1.3 Data on HNSCC incidence

Data on HNSCC incidence in 2014 (ICD-10: C00–C14) were extracted from Czech

National Cancer Registry (IHIS CR 2014). Data were used for comparison of

incidence between males and females in the Czech Republic and for creating the

map of HNSCC incidence in the regions of the Czech Republic. Data on the

age-specific incidence in 1986 were extracted from Dušek et al. (2005) and used

for comparison of the age-specific incidence in the years 1986 and 2014.

4.1.4 Clinical data for risk factor analyses

Data used for analyses of risk factors for HPV infections and HNSCC were gath-

ered by National Reference Laboratory (NRL) for Papillomaviruses and Poly-

omaviruses in collaboration with Dept. of Otorhinolaryngology (ORL) and Head

and Neck Surgery, Faculty Hospital Motol in years 2000–2010. Participants

(n=485) were recruited either as patients treated for HNSCC (ICD-10: C00–C06;

C09–C10) or controls that were not treated for HNSCC but were also recruited

in the ORL clinic. Controls were chosen to match the patient cohort in frequency

of age and sex. Enroled participants were asked to fill out personal questionnaire

on risk behaviours. Biological samples for serological exam (i.e. serum for the

detection of antibodies against HPV) and PCR test of oral washing (i.e. HPV

DNA presence in oral cavity) were recovered by hospital personnel and tested

by members of NRL for Papillomaviruses and Polyomaviruses. All participants

signed informed consent and confirmed that they participate voluntarily, that

they can withdraw their consent and enrolment in the study at any time without

changes to their treatment plan and are not obliged to give their reason(s) for

withdrawal.

The questionnaire contained questions on age, gender, completed years of ed-

ucation and three sections of questions on risk behaviours: alcohol consumption,

tobacco use and sexual activities. Sex and gender were used as interchangeable

terms throughout this thesis.

Alcohol consumer was defined as person drinking alcoholic beverages at least
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once a week on average for at least a year1. Participants were also asked how

many beers (0.5l), wine (0.2l) and liquor (0.05l) drinks they drink per week.

Smoker in our questionnaire was defined as person “smoking regularly at least

half a pack of cigarettes per week for at least one year”2. Participants were also

asked whether they currently smoke, at what age they stopped smoking (if so)

and at what age they started. The same set of questions was also asked for other

means of tobacco use: cigar and pipe smoking and tobacco chewing and sniffing.

Participants were asked about the number of their sexual partners, whether

they have experience with oral-oral (kissing), oral-genital and oral-anal contact

and if so, at what age they first experienced oral-genital and oral-anal contact.

At the beginning of this set of question, participants were again ensured about

anonymity and confidentiality of the collected data. At this point, it was also

explained why these questions are relevant to the study (i.e. sexually transmitted

virus is an etiological agent of head and neck cancers and other diseases).

1Original question in Czech: “Pil(a) jste někdy v pr̊uměru v́ıce než jednou týdně alkoholické

nápoje po dobu alespoň jednoho roku a déle?”
2Original question in Czech: “Kouřil(a) jste někdy pravidelně cigarety, alespoň p̊ul baĺıčku

za týden po dobu jednoho roku nebo déle?”
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4.2 Methods

4.2.1 Demographic analysis

Age-standardised death rate was chosen to demonstrate changes in the epidemi-

ological trends of HNSCC mortality. Age-standardised death rate was calculated

for each year between the years 1986–2013 as follows:

SDR =
∑ω−1

0 mx×P st
x∑ω−1

0 P st
x

, where

SDR = age-standardised death rate for each sex and 1 year in the Czech

Republic, normalised to 100, 000;

ω is the first age that ano one in population reaches;

mx = age-specific death rate for HNSCC;

P st
x = number of living persons in specific age in standard population

Age-specific death rate (mx) was calculated as follows:

mx = Dx
Px

, where

Dx = number of deaths caused by HNSCC in specific age;

Px = number of living persons in specific age

Direct standardisation using New European Standard (2013) was performed to

calculate standardised death rates.

All graphs of demographic data were generated in Microsoft R⃝ Excel R⃝ 2016

MSO (16.0.7726.1042) 32-bit. Because of the higher incidence and death rates

in men, the y axis scale in graphs differs between the two sexes. All maps were

generated in ArcMap 10.4 (10.4.1). Regions of the Czech Republic are labeled as

in Figure A.1 (see Appendix A).
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4.2.2 Clinical data preprocessing

Participants whose oral washing status (positive/negative) was unknown were

excluded (n=4) because this information was essential to our analyses. Unknown

values for other variables were marked as “NA” (not available), but participants

with NA values were kept in dataset. This may cause discrepancies for frequencies

in some variables.

Positivity for any HR HPV in oral washing was computed as new variable:

individuals were labeled as positive if any HR HPV type (see Table 2.2) was

present in their oral washing.

For the risk factor analyses, all participants were grouped pooled and then

categorised either according to the patient/control status or according to their

oHPV staus - oHPV+ or oHPV- (based on the result of examination of HPV

presence in oral washings).

New variable ‘pack-years’ was computed. One pack-year equals to 1 year

of smoking 1 pack of cigarettes (20 cigarettes) per day. Number of drinks per

week was calculated from reported number of beers (one drink equals 0.5l), wine

(one drink equals 0.2l) and liquor (one drink equals 0.05l) drank on average by

participant per one week.

4.2.3 Statistical analysis

All statistical analyses were carried out in R version 3.3 R Core Team (2017).

Basic statistical tests (t-test, χ2 test or Pearson correlation coefficient) were

computed using psych package (Revelle 2017). Logistic regression models were

fitted with generalized linear model (R base glm function). Despite common

practice of using stepwise model selection in demographic studies, statistical lit-

erature argues against this approach because it yields oversimplified and biased

coefficients (Harrell 2010). Therefore all relevant variables were entered into

the model without stepwise selection of predictors. Regression model’s pseudo

R-squared were obtained using pscl package using Nagelkerke-Cragg & Uhler’s

measure of goodness of fit (Cragg & Uhler 1970, Nagelkerke 1991). Plots were

generated using ggplot2 package (Wickham 2009).
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5. Results
In this thesis, we used two sets of data: In the first part, we used publicly available

data on mortality and incidence for diagnoses ICD-10: C00–C14 and equivalent

diagnoses in ICD-9. In second part of the thesis, the clinical data used concern

only patients with diagnoses ICD-10: C00–C06; C09–C10 (cancer of the oral

cavity and oropharynx).

This discrepancy is caused firstly by complications with ICD coding conversion

when accessing older data coded in ICD-9 and combining them with data for

specific diagnoses coded in ICD-10. We decided to use diagnoses ICD-10: C00–

C14 which were routinely used in other studies and are easily convertible to

their ICD-9 BTL equivalents (see methods section) in the demographic analyses.

Secondly, clinical data that we used for the analysis of risk factors originated from

study performed by the National Reference Laboratory for Papillomaviruses and

Polyomaviruses.

To demonstrate that the two sets of diagnoses follow similar epidemiological

trends and that the difference is marginal, we show standardised death rates for

men and women in the Czech Republic for both sets of diagnoses (Figure 5.1).

While the trend is similar for both variants of the diagnosis, diagnosis ICD-

10: C00–C14 has overall higher standardised death rate, which is not surprising

considering it encompasses the ICD-10: C00–C06; C09–C10 diagnoses plus addi-

tional diagnoses C07–C08 and C11–C12.



26 Chapter 5. Results

A

B

Figure 5.1: Comparison of standardised death rates per 100, 000 pop-

ulation for ICD-10: C00–C14 and ICD-10: C00–C06; C09–C10 in the

Czech Republic, men (A) and women (B), years 1994–2013

Author’s own work based on data from WHO mortality database
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5.1 Epidemiological trends of head and neck

cancer in the Czech Republic

5.1.1 Mortality from head and neck cancer in Czech pop-

ulation

According to available literature, head and neck cancer mortality does not

decrease over the years. To confirm this trend in the Czech Republic, we

calculated standardised death rates for Czech men and women for the years

1986–2013 (Table 5.1). We indeed found, that the data confirm the trend

described in literature - overall death rate does not decline. The standardised

death rate for women is lower than for men (Figure 5.2).

Figure 5.2: Standardised death rates from HNSCC per 100, 000 pop-

ulation in the Czech Republic, men and women, years 1986–2013

Author’s own work based on data from WHO mortality database
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Table 5.1: Standardised death rates from HNSCC per 100, 000 popu-

lation in the Czech Republic, men and women, years 1986–2013

Data source: WHO mortality database

Year Men Women

1986 10.17 2.35

1987 11.83 2.41

1988 11.71 2.35

1989 11.81 2.75

1990 10.81 2.29

1991 12.26 2.17

1992 11.58 2.76

1993 10.40 2.03

1994 14.06 2.56

1995 11.75 2.68

1996 12.33 2.99

1997 12.64 2.27

1998 11.57 2.62

1999 11.69 3.12

2000 12.05 2.51

2001 12.32 2.35

2002 13.10 2.18

2003 12.92 2.64

2004 13.78 2.25

2005 12.49 2.64

2006 12.53 3.09

2007 12.47 2.82

2008 13.14 2.97

2009 11.42 2.53

2010 11.72 2.91

2011 12.11 2.66

2012 12.50 2.80

2013 11.79 2.79
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The currently accepted hypothesis why the overall death rate does not decline

is that now significant proportion of head and neck cancer cases is caused by

infectious agent (HPV) rather than traditional risk factors (tobacco and alcohol).

This results in shift of the incidence to younger population since the 1980’s. We

calculated head and neck cancer age-specific death rates (Table 5.2) for men and

women in the Czech Republic in years 1986 and 2013. The goal was to investigate

the changes in mortality distribution among age groups.

We saw changes in the age-specific death rates in both men and women. While

in 1986, the majority of deaths by head and neck cancers occured in people 75

years old and older, it was predominant in younger population in 2013. This

is especially apparent in men (Figure 5.3A), but similar pattern can be seen in

women as well (Figure 5.3B), particularly in category 85+. Age-specific death

rates in 2013 are higher in younger age categories (55–70) for both sexes.

We chose two age groups to better illustrate the trend: category 65–69 repre-

sents the younger age risk groups and category 75–79 represents the older group.

For both men (Figure 5.4A) and women (Figure 5.4B) we see increase of death

rate in the younger group while the death rate in the older group slightly de-

clines. We also looked at data for younger age groups (e.g. 50–55). Contrary

to our expectations and trends observed in other populations, the data did not

show the same trend as in age group 65–59 (not shown).
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Table 5.2: Age-specific death rates from HNSCC per 100, 000 popula-

tion, Czech Republic, men and women, years 1986 and 2013

Data source: WHO mortality database

Age group Men Women

1986 2013 1986 2013

0 0 0 0 0

1 – 4 0 0 0 0

5 – 9 0 0 0.3 0

10 – 14 0 0 0 0

15 – 19 0 0 0 0

20 – 24 0 0 0 0

25 – 29 0 0 0 0

30 – 34 0.5 0 0.3 0

35 – 39 2.1 1.0 0.5 0

40 – 44 5.9 2.0 0.5 1.1

45 – 49 11.9 11.7 0.7 1.7

50 – 54 16.3 13.4 1.1 2.8

55 – 59 20.0 35.1 3.6 5.7

60 – 64 20.6 35.2 1.9 6.3

65 – 69 18.5 34.8 3.3 8.8

70 – 74 19.8 31.1 5.8 6.0

75 – 79 25.9 21.7 8.9 4.4

80 – 84 35.3 25.0 8.3 11.7

85+ 45.7 18.5 29.5 15.5
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A

B

Figure 5.3: Age-specific death rates from HNSCC per 100, 000 popu-

lation, Czech Republic, men (A) and women (B), years 1986 and 2013

Author’s own work based on data from WHO mortality database
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A

B

Figure 5.4: Age-specific death rates from HNSCC in two age categories

(65–69 and 75–79), Czech Republic, men (A) and women (B), years

1986–2013

Author’s own work based on data from WHO mortality database



33 Chapter 5. Results

5.1.2 Incidence of head and neck cancer in the Czech Re-

public

Differences in death rates do not have to necessarily reflect the incidence of a

disease. To complete the picture we also show data on age-specific incidence of

HNSCC in the Czech Republic (Table 5.3 and Figure 5.5). It is also higher in

men and peaks in age group 60–69 for both sexes.

Figure 5.5: Age-specific incidence of HNSCC per 100, 000 in age

groups, Czech Republic, men and women, 2014

Author’s own work based on data from WHO mortality database

When we compared age-specific incidence in years 1986 and 2014 (Table 5.3),

we see similar differences as we saw in death rates (Figure 5.3). In men, we see

that incidence is higher in age groups 50–75 in the year 2014 than it was in the

year 1986 (Figure 5.6A). In women, the overall incidence is higher in the year

2014 but the increase is again more apparent in age groups 50–75 (Figure 5.6B).
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Table 5.3: Age-specific incidence of HNSCC per 100, 000 population,

Czech Republic, 1986 and 2014

Data source: Czech National Cancer Registry

Age group Men Women

1986 2014 1986 2014

0–4 0 0 0 0

5–9 0 0 0 0

10–14 0 0 0 0

15–19 0.56 0 0.58 0.40

20–24 0.28 0 0.29 1.00

25–29 0.58 0.60 0.31 0

30–34 1.20 1.30 0.50 0.80

35–39 6.24 2.30 0.72 1.30

40–44 14.20 11.20 3.24 2.50

45–49 24.09 21.10 4.58 7.40

50–54 35.02 40.10 4.77 9.90

55–59 34.84 54.70 7.24 19.00

60–64 35.20 63.50 7.57 16.00

65–69 38.20 60.40 6.11 27.30

70–74 41.80 51.80 7.26 18.50

75–79 44.33 48.50 14.69 17.40

80–84 47.69 50.90 12.01 23.00

85+ 57.02 62.50 14.72 23.60
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A

B

Figure 5.6: Age-specific incidence of HNSCC, Czech Republic, men

(A) and women (B), 1986 and 2014

Author’s own work based on data from WHO mortality database
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5.1.3 Head and neck cancer incidence and mortality in

regions of the Czech Republic

We also looked at the distribution of HNSCC incidence in regions of the Czech

Republic (Figure 5.7). We see that the region with highest incidence in men are

Zĺın Region and Karlovy Vary Region. In women, Zĺın Region is actually one of

the regions with the lowest incidence whereas the highest incidence is in Hradec

Králové Region and Prague. However, it is important to note that the differences

of incidence between the regions are very small - ranging from 5 cases per 100,

000 in women to 18.8 cases per 100,000 in men (Table 5.4).

Table 5.4: Incidence of HNSCC per 100, 000 population in regions of

the Czech Republic, men and women, 2014

Data source: Czech National Cancer Registry

Region
Cases of HNSCC

(per 100, 000 men)

Cases of HNSCC

(per 100, 000 women)

Prague 20.0 10.5

South Bohemian Region 16.2 7.7

South Moravian Region 19.9 9.5

Karlovy Vary Region 27.0 9.2

Hradec Králové Region 22.9 10.3

Liberec Region 22.3 7.2

Moravian-Silesian Region 25.8 8.5

Olomouc Region 15.4 6.5

Pardubice Region 23.9 9.2

Plzeň Region 21.8 8.3

Central Bohemian Region 18.3 7.4

Úst́ı nad Labem Region 19.8 9.4

Vysočina Region 18.2 5.5

Zĺın Region 34.2 6.3
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Figure 5.7: Incidence of HNSCC per 100, 000 population in regions of

the Czech Republic, men (top map) and women (bottom map), 2014

Author’s own work based on data from Czech National Cancer Registry, generated

in ArcMap
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When we look at the map depicting death rates in regions of the Czech Re-

public (Figure 5.8, data shown in Table 5.5), it resembles the pattern seen on

the map of incidence. Similarly, we also saw random differences in the distribu-

tion of death rate for the two sexes among European countries as was shown in

Figure 2.2.

Table 5.5: Death rate from HNSCC per 100, 000 population in regions

of the Czech Republic, men and women, 2014

Data source: Czech National Cancer Registry

Region
Deaths

(per 100, 000 men)

Deaths

(per 100, 000 women)

Prague 8.90 3.41

South Bohemian Region 8.28 2.79

South Moravian Region 12.74 2.68

Karlovy Vary Region 10.13 3.95

Hradec Králové Region 8.48 2.49

Liberec Region 6.04 4.03

Moravian-Silesian Region 12.89 3.86

Olomouc Region 10.29 3.38

Pardubice Region 6.28 2.68

Plzeň Region 10.91 3.10

Central Bohemian Region 11.45 1.96

Úst́ı nad Labem Region 12.00 3.6

Vysočina Region 15.01 1.95

Zĺın Region 16.75 1.34
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Figure 5.8: Mortality from HNSCC per 100, 000 population in regions

of the Czech Republic, men (top map) and women (bottom map), 2014

Author’s own work based on data from Czech National Cancer Registry, generated

in ArcMap
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5.2 Risk factors of head and neck cancer and

oral HPV infection

Assessing the HPV etiology of significant subgroup of head and neck cancers

is important for prevention as well as in therapy. In future, the therapeutical

approach for HPV-associated and non-HPV-associated cancers might change due

to different prognosis in each subgroup. Also, other ways of prevention of head

and neck cancers are available. HPV infection can be prevented by vaccination

and HPV presence can be tested and even routinely screened for if suitable target

population is identified.

For these reasons, we conducted cross-sectional study to assess risk factors

of oral HPV infection as well as case-control study to analyse the risk factors

of head and neck cancers with data collected by NRL for Papillomaviruses and

Polyomaviruses. The schema of the study design is shown in Figure 5.9.

Analysis of HNSCC 
risk factors

Analysis of oHPV 
risk factors

n=485

patients (n=261)
controls (n=220)

oHPV positive (n=162)
oHPV negative (n=319)

 

Figure 5.9: Schema of study design

Author’s own work
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5.2.1 Characteristics of participants

Data from 481 participants were used for the analyses of risk factors of oHPV in-

fection and HNSCC. 261 participants (54.26%) were recruited as patients treated

for HNSCC and 220 (45.74%) as controls (without HNSCC diagnosis). The mean

age of participants is 56.54 years (SD = 10.05), they completed on average 12.97

years of education (SD = 2.97) and most of them were males (75.68%). Major-

ity of participants were also smokers (72.07%) and alcohol consumers (72.36%).

Most of them did not have HPV DNA present in their oral washing (i.e. are

oHPV-) (66.32%). Out of 162 participants with positive result of HPV DNA test

(oHPV+), 85.19% (n = 138) were positive for any of the HR HPV types (defined

in section 2.4).

Average number of sexual partners of participants was 9.64 (SD = 14.08), but

34 participants did not disclose this information. Most of the participants had

experience with oral-oral (88.57%) contact (i.e. kissing) and majority also with

oral-genital contact (67.98%). Only few of the participants had experience with

oral-anal contact (8.32%) and 28 participants did not disclose this information.

Main characteristics of the data set are summarized in Table 5.6. Distribution

of continuous variables in the dataset is depicted in Figure 5.10 and frequencies

of selected categorical factors in Figure 5.11.
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Table 5.6: Characteristics of participants

Data source: NRL for Papillomaviruses and Polyomaviruses
n=481* (% or SD)

Mean age 56.54 (SD = 10.05)

Mean education 12.97 (SD = 2.97)

Gender

males 364 (75.68%)

females 116 (24.12%)

HPV presence in oral wash

positive (oHPV+) 162 (33.68%)

negative (oHPV-) 319 (66.32%)

Patient/control status

patient 261 (54.26%)

control 220 (45.74%)

Smoking

smokers 338 (70.27%)

non-smokers 131 (27.23%)

Mean pack-years 27.84 (SD = 20.45)

Ever consumed alcohol

alcohol consumers 330 (68.61%)

life long abstinence 139 (28.90%)

Number of sexual partners 9.64 (SD = 14.08)

Experience with oral-oral contact

yes 426 (88.57%)

no 32 (6.65%)

Experience with oral-genital contact

yes 327 (67.98%)

no 129 (26.82%)

Experience with oral-anal contact

yes 40 (8.32%)

no 413 (85.86%)

* Where percentages do not add up to 100%, some values were missing

due to non-response.
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Figure 5.10: Distribution of continuous variables in the dataset

Authors own work based on data from NRL for Papillomaviruses and Poly-

omaviruses, generated in R
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Figure 5.11: Frequencies of categorical factors in the dataset

Authors own work based on data from NRL for Papillomaviruses and Poly-

omaviruses, generated in R
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5.2.2 Risk factors of oral HPV infection

For the analyses of risk factors of HPV infection, we divided participants (n=481)

into two groups: those who tested negative (n=319) for HPV DNA in their oral

washings (oHPV-) and those who tested positive (n=162) (oHPV+). Before the

final analysis of risk factors with logistic regression, we inspected individual asso-

ciations between oHPV status and demographic and behavioural characteristics

of the participants.

Association between gender and oHPV infection

Since the majority of participants overall were men, we saw similar distribution

in both oHPV+ and oHPV- categories Figure 5.12. Gender did not affect oHPV

infection (χ2(1) = 0.36, p = 0.55).
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Figure 5.12: Gender of oHPV+ and oHPV- participants

Authors own work based on data from NRL for Papillomaviruses and

Polyomaviruses, generated in R
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Association between age and oHPV infection

Mean age of oHPV+ group was 55.86 years (SD = 10.35), while mean age of the

oHPV- group was 57.86 years (SD = 9.33) (Figure 5.13), which is a significant

difference (t(355.46) = -2.14, p = 0.03).
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Figure 5.13: Age of oHPV+ and oHPV- participants

Authors own work based on data from NRL for Papillomaviruses and

Polyomaviruses, generated in R
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Association between education and oHPV infection

Mean length of completed education of oHPV+ group was 13.18 years (SD =

2.84), while length of completed education of the oHPV- group was 12.86 years

(SD = 3.04). Distribution of completed years of education in both groups is

depicted in Figure 5.14 We have not found significant effect of education on

oHPV infection (t(342.62) = -1.13, p = 0.26).
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Figure 5.14: Completed years of completed education of oHPV+ and

oHPV- participants

Authors own work based on data from NRL for Papillomaviruses and Poly-

omaviruses, generated in R

Association between alcohol consumption and oHPV infection

Majority of participants in our sample responded that they do consume alcohol.

Alcohol does not affect oHPV infection (χ2(1) = 0.14, 0.70). We also tested for

the effect of consumption of beer (t(279.15) = 0.64, p = 0.5231), wine (t(186.84)

= -0.33, p = 0.7395) or liquor (t(329.33) = 1.06, p = 0.2889) per week and did

not found any association with any specific beverage consumption even when we

added them up (t(283.46) = 0.89, p = 0.38) (Figure 5.15).
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Figure 5.15: Drinking habits of oHPV+ and oHPV- participants

Authors own work based on data from NRL for Papillomaviruses and

Polyomaviruses, generated in R

Association between tobacco use and oHPV infection

Majority of our participants identified as smokers, irrespective of oHPV infection.

Smoking does not affect oHPV infection in our sample (χ2(1) = 0.10, p = 0.75).

For other types of smoking (cigars, pipe) and tobacco use (chewing, sniffing), the

numbers of users among our respondents were very low - smoking cigars (n=9),

pipes (n=10), sniff (n=3), chew tobacco (n=0) and therefore we did not assess

the effect of these behaviours. When we evaluated effect of pack-years, we found

significant difference (t(247.16) = 2.12, p = 0.04). In the oHPV+ group the mean

of pack-years is actually lower (M = 24.67, SD = 19.33) than in the oHPV- group

(M = 29.61, SD = 20.9) (Figure 5.16).
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Figure 5.16: Smoking habits of oHPV+ and oHPV- participants

Authors own work based on data from NRL for Papillomaviruses and

Polyomaviruses, generated in R
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Association between sexual behaviour and oHPV infection

It is known that HPV is sexually transmitted virus. When assessing oHPV in-

fection, we focused on sexual activities involving oral contacts (Figure 5.17). We

analysed the relationship with number of sexual partners as well. In oHPV-

group, the number of sexual partners was lower (M = 8.44, SD = 12.03) than in

the oHPV+ group (M = 11.97, SD = 17.18) and the association is statistically

significant (t(229.46) = -2.26, p = 0.02).

Even though frequencies of oral-oral (χ2(1) = 0.32, p = 0.57), oral-genital

(χ2(1) = 0.37, p = 0.54) and oral-anal (χ2(1) = 2.60, p = 0.10) contact did not

differ, the mean age of first oral-genital contact was lower in oHPV+ group (M

= 19.51, SD = 4.09) than in oHPV- group (M = 21.02, SD = 6.17) and is a

significant predictor of oHPV infection (t(286.61) = 2.59, p = 0.01).
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Figure 5.17: Sexual behaviours of oHPV+ and oHPV- participants

Authors own work based on data from NRL for Papillomaviruses and

Polyomaviruses, generated in R
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Descriptives of the tested variables in oHPV+ and oHPV- participants and

associations found in preliminary tests are summarized in Table 5.7.

Table 5.7: Association of oHPV status with participants’ demographics

and risk behaviours

Data source: NRL for Papillomaviruses and Polyomaviruses

HPV+ (n=162*)

N (% or SD)

HPV- (n=319*)

N (% or SD)
p-value

Gender 0.55

males 126 (77.78%) 238 (74.61%)

females 36 (22.22%) 80 25.08%)

Mean age (years) 57.86 (SD = 9.33) 55.86 (SD = 10.35) 0.03

Completed years of education 13.18 (SD = 2.84) 12.86 (SD = 3.04) 0.26

Alcohol consumption 0.70

alcohol consumers 111 (68.52’%) 219 (71.10%)

life long abstinence 50 (30.86%) 89 (28.90%)

Drinks per week 9.21 (SD = 11.54) 10.3 (SD = 14.47) 0.39

Smoking 0.75

smokers 118 (72.84%) 220 (68.97%)

non-smokers 43 (26.54%) 88 (27.59%)

Pack-years 24.67 (SD = 19.33) 29.61 (SD = 20.9) 0.04

Oral-oral contact (kissing) 0.57

never 13 (8.02%) 19 (5.96%)

have experience 145 (89.51%) 281 (88.09%)

Oral-genital contact 0.54

never 48 (29.63%) 81 (25.39%)

have experience 110 (67.90%) 217 (68.03%)

Mean age of first

oral-genital contact
19.51 (SD = 4.09) 21.02 (SD = 6.17) 0.01

Oral-anal contact 0.10

never 138 (85.19%) 275 (86.21%)

have experience 19 (11.73%) 21 (6.58%)

* Where percentages do not add up to 100%, some values were missing due to non-response.
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Generalized linear model of oHPV risk factors

After considering all possible interactions and assumptions based on the liter-

ature, we decided on fitting binomial generalized linear model predicting HPV

infection with the following variables: gender, years of completed education, num-

ber of pack-years, number of drinks per week, number of sexual partners and

experience with oral-oral, oral-genital and oral-anal contact.

Odds ratios and p-values that these predictors yield can be found in Table 5.8.

The model has overall pseudo R-squared 0.29.

Table 5.8: Risk factors of oHPV infection
Data source: NRL for Papillomaviruses and Polyomaviruses

OR
CI

(2.5% - 97.5%)
p-value

Gender

female 1.00

male 1.01 0.61 1.69 0.98

Age 1.02 1.00 1.04 0.07

Number of sexual partners 1.02 1.00 1.04 0.04

Years of education 1.04 0.97 1.12 0.28

Number of pack-years 1.00 0.98 1.01 0.41

Drinks per week 1.00 0.98 1.01 0.62

Experience with

oral-oral contact

no 1.00

yes 0.81 0.33 2.02 0.64

oral-genital contact

no 1.00

yes 0.89 0.52 1.53 0.67

oral-anal contact

no 1.00

yes 1.44 0.67 3.00 0.34
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As can be seen, only the number of sexual partners seems to be a significant

predictor of oHPV infection. Our results did not show any other statistically

significant (p = 0.4) association of oHPV status with tested behaviours, with OR

= 1.02. Possible reasons and further research options will be further discussed.
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5.2.3 Risk factors of head and neck cancer

In the analyses of risk factors of HNSCC, we first explored associations of con-

trol/patient status with participants’ demographics and reported risk behaviours

before we proceeded to analysis of mixed effects in the final logistic regression.

Association between gender and HNSCC

Number of women and men in our sample was not equal, with the majority

being men. This is not surprising, as HNSCC incidence is higher in men (subsec-

tion 5.1.2). The observed difference (Figure 5.18) was even greater and statisti-

cally significant in the patient group (χ2(1) = 9.73, p < 0.01), which is caused

by sampling.
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Figure 5.18: Gender of patients and controls

Authors own work based on data from NRL for Papillomaviruses and

Polyomaviruses, generated in R



54 Chapter 5. Results

Association between oHPV and HNSCC

Infection with HR HPV is a known risk factor for HNSCC since HR HPV are the

causative agent. Indeed, we found that the majority of HPV non-infected belong

to the control group (χ2(1) = 74.59, p < 0.01).

When we focused specifically on the effect of HR HPV presence in oral washing

(Table 5.9 and Figure 5.19), we saw that in comparison to patients only very small

proportion of controls is HR HPV positive (n=14) and the association was strong

(χ2(1) = 96.78, p < 0.01) for HNSCC.
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Figure 5.19: HPV and HR HPV presence in oral washings of patients

and controls

Authors own work based on data from NRL for Papillomaviruses and Poly-

omaviruses, generated in R

Table 5.9: Presence of HR HPVs in oral washing of controls and pa-

tients

Data source: NRL for Papillomaviruses and Polyomaviruses

controls patients

HR HPV positive 14 124

HR HPV negative 206 137
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Association between age and HNSCC

Mean age was almost two years higher (M = 57.3, SD = 9.48) in the patient

group than in the control group (M= 55.6, SD = 10.64), but this difference was

not statistically significant (t(441.06) = -1.79, p = 0.07). The distribution of age

in both groups is shown in Figure 5.20.
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Figure 5.20: Age of patients and controls

Authors own work based on data from NRL for Papillomaviruses and

Polyomaviruses, generated in R
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Association between education and HNSCC

Mean number of years of completed education was higher in the control group

(t(417.55) = 3.51, p < 0.01). Distribution of this variable is shown in Figure 5.21.
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Figure 5.21: Completed years of completed education of patients and

controls

Authors own work based on data from NRL for Papillomaviruses and Poly-

omaviruses, generated in R

Association between alcohol consumption and HNSCC

Alcohol consumption is known to be strong risk factor for HNSCC. In our dataset,

the number of alcohol consumers was higher in the patient group (Figure 5.22)

and the association is statistically significant (χ2(1) = 4.79, p = 0.03).

We quantified the alcohol consumption as number of drinks per week re-

ported by the participants (Figure 5.22). We found strong correlation with beer

consumption (t(317.39) = -5.3032, p < 0.01), but none with wine (t(306.07) =

-0.081, p = 0.94) and liquor (t(317.43) = -1.35, p = 0.18) consumption. With all

types of drinks added up, we found significant difference in alcohol consumption
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Figure 5.22: Drinking habits of patient and control groups

Authors own work based on data from NRL for Papillomaviruses and

Polyomaviruses, generated in R

between patients (M = 16.38, SD = 16.51) and controls (M = 9.59, SD = 8.86)

(t(305.9) = -4.8306, p < 0.01), with patients consuming more drinks.

Association between tobacco use and HNSCC

Our dataset contained a large proportion of smokers. In patient group, smokers

represented the majority (78.93%) and association of patient/control status with

smoking was found significant (χ2(1) = 21.50, p < 0.01). We could not evaluate

other means of tobacco use because of the small proportion of participants who

reported smoking pipe (n = 10), cigars (n = 9), or using tobacco intranasally

(sniff; n = 3) or by chewing (n = 0).

We also assessed smoking as continuous variable through pack-years. We see

significant association (t(286.18) = -2.90, p < 0.01), as the mean of pack-years in

patients was much higher (M = 30.29, SD = 21.62) than in controls (M = 23.79,

SD = 17.73)(Figure 5.23).
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Figure 5.23: Smoking habits of patient and control groups

Authors own work based on data from NRL for Papillomaviruses and

Polyomaviruses, generated in R

Association between sexual behaviour and HNSCC

Since HPV (an etiological agent) is a sexually transmitted virus, some sexual

behaviours (e.g. early age of sexual debut, oral-oral, oral-genital and oral-anal

contact and higher number of sexual partners) were found to be risk factors for

cervical cancer. We assessed number of sexual partners and oral-genital and oral-

anal contact. Mean number of sexual partners was significantly (t(416.14) =

-3.17, p < 0.01) higher in patients (M = 11.55, SD = 16.2) than in controls (M

= 7.46, SD = 10.8).

When we analysed association of HNSCC with other sexual risk behaviours

(Figure 5.24), we have not found significant association with oral-oral contact

(χ2(1) = 0.05, p = 0.82), oral-genital contact (χ2(1) = 1.98, p = 0.16) or even

oral-anal contact (χ2(1) = 0.19, p = 0.66). However, we found that the mean

age of first oral-genital contact was lower in patients (M = 19.91, SD = 5.49)

than in controls (M = 21.16, SD = 5.67) and the association with early age of

the first oral-genital contact is significant (t( 309.2) = 1.97, p = 0.0497).
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Figure 5.24: Sexual behaviours of patients and controls

Authors own work based on data from NRL for Papillomaviruses and

Polyomaviruses, generated in R

Descriptives of the tested variables in patient and control group and associa-

tions found in preliminary tests are summarized in Table 5.10.
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Table 5.10: Association of HNSCC diagnosis with participants’ demo-

graphics and risk behaviours

Data source: NRL for Papillomaviruses and Polyomaviruses

Patients (n=261*)

N (% or SD)

Controls (n=220*)

N (% or SD)
p-value

Gender <0.01

males 213 (81.61%) 151 (68.64%)

females 48 (18.39%) 68 (30.91%)

HPV presence in oral wash <0.01

positive (oHPV+) 133 (50.96%) 29 (13.18%)

negative (oHPV-) 128 (49.04%) 191 (86.82%)

Mean age 57.3 (SD = 9.48) 55.63 (SD = 10.64) 0.07

Completed years of education 12.53 (SD = 2.7) 13.5 (SD = 3.19) <0.01

Alcohol 0.03

alcohol consumers 190 (72.80%) 140 (63.64%)

life long abstinence 64 (24.52%) 75 (34.09%)

Drinks per week 12.73 (SD = 16.07) 6.58 (SD = 8.58) <0.01

Smoking <0.01

smokers 206 (78.93%) 132 (60%)

non-smokers 48 (18.39%) 83 (37.73%)

Pack-years 30.29 (SD = 21.62) 23.79 (SD = 17.73) <0.01

Number of sexual partners 11.55 (SD = 16.2) 7.46 (SD = 7.46) <0.01

Oral-oral contact (kissing) 0.82

never 16 (6.13%) 16 (7.27%)

have experience 229 (87.74%) 197 (89.55%)

Oral-genital contact 0.16

never 76 (29.12%) 53 (24.09%)

have experience 167 (63.98%) 160 (72.72%)

Mean age of first

oral-genital contact
19.91 (SD = 5.49) 21.16 (SD = 5.67) 0.05

Oral-anal contact 0.66

never 217 (83.14%) 196 (89.09%)

have experience 23(8.81%) 17 (7.73%)

* Where percentages do not add up to 100%, some values were missing due to non-response.
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Generalized linear model of HNSCC risk factors

There are many potential risk factors of HNSCC. Some are known for a long

time (alcohol consumption, tobacco exposure), while some arose in recent years

(HPV). We decided to include the following variables as predictors of HNSCC:

HR HPV in oral washing, age, gender, years of completed education, number of

pack-years, number of drinks per week, number of sexual partners and experience

with oral-oral, oral-genital and oral-anal contact.

Odds ratios, confidence intervals and p-values of the fitted model can be

found in Table 5.11. The model has overall pseudo R-squared of 0.6.

We identified several significant predictors of HNSCC: we confirmed previously

published risk factors - alcohol and cigarettes consumption, as well as protective

factor of years of completed education. Unsurprisingly, we found the infection

with HR HPV to be significant predictor as well. We confirmed that HR HPV is

a stronger predictor than pack-years, number of sexual partners and drinks per

week using Wald Test (p <0.001). As a surprising discovery, we observed that

engaging in oral-genital contact to be significant protective factor and engaging

in oral-anal contact is not associated with the disease.
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Table 5.11: Risk factors of head and neck cancer

Data source: NRL for Papillomaviruses and Polyomaviruses

OR
CI

(2.5% - 97.5%)
p-value

HR HPV in oral cavity

HR HPV negative 1.00

HR HPV positive 22.23 11.37 47.24 < 0.01

Age 1.00 0.98 1.03 0.88

Gender

female 1.00

male 1.41 0.76 2.65 0.27

Drinks per week 1.03 1.01 1.06 0.01

Years of education 0.90 0.82 0.98 0.02

Number of pack-years 1.03 1.01 1.04 < 0.01

Number of sexual partners 1.03 1.01 1.05 0.01

Experience with

oral-oral contact

no 1.00

yes 0.95 0.34 2.76 0.92

oral-genital contact

no 1.00

yes 0.53 0.28 0.99 0.05

oral-anal contact

no 1.00

yes 1.57 0.61 4.05 0.35
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To test the robustness of the prediction model, we implemented a randomizing

script that recreated the general linearized model using data from two thirds

of participants and then tried to predict the diagnoses of the remainder. All

participants with higher than 0.5 probability of a positive diagnosis were marked

to have HNSCC. We ran the randomizing procedure 100 times and then calculated

a median proportion of correct model decisions, as well as false positives and false

negatives (see Table 5.12).

The results clearly show, that the logistic model is quite capable in predicting

HNSCC. Both false positives and negatives are kept low, with correct diagnosis

of HNSCC patient reaching above 75 percent. The model still predicts diagnosis

quite well even after removing all non significant variables (i.e. experience with

oral-oral contact, age etc.). However, after removing data on HR HPV presence

in oral washing, the accuracy drops.

Table 5.12: Strenght of prediction models

Complete model
Model without

non-significant variables

Model without

HR-HPV status

False positive 0.18 0.18 0.40

False negative 0.24 0.28 0.35

Correct negative 0.82 0.82 0.60

Correct positive 0.76 0.72 0.65

To better investigate the two distinct groups that suffer from HNSCC, we

created two separate prediction models for each of them: HR HPV positive and

HR HPV negative. Because there were only 7 patients with no experience with

oral-oral contact, we were forced to remove this predictor from the separated

models. Results of these two models are presented in Table 5.13 and Table 5.14.

The model of HR HPV positive HNSCC risk factors has overall pseudo R-squared

0.42 and model of HR HPV negative HNSCC risk factors has overall pseudo R-

squared 0.50.

There are clear differences between these two groups. While in the HPV

negative group, drinking and pack-years are a strong predictor of HNSCC, it

is not the case in the HPV positive group. Also, age is a predictor in the
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HPV positive group, but not in the HPV negative. This can be explained by

progressive nature of HPV induced cancer. While HR HPV positive patients are

older than HR positive controls. In HR HPV negative group, the age predictor

is probably not significant because of its inter-correlation with pack-years. Years

of completed education are a protective factor in both groups, although it is

significant only in the HPV positive group.

Table 5.13: Risk factors of HR positive head and neck cancer

Data source: NRL for Papillomaviruses and Polyomaviruses

OR
CI

p-value
(2.5% - 97.5%)

Age 1.09 1.02 1.18 0.02

Gender

female 1.00

male 3.12 0.69 14.85 0.14

Drinks per week 0.97 0.90 1.04 0.32

Years of education 0.70 0.52 0.91 0.01

Number of pack-years 1.00 0.95 1.05 0.87

Number of sexual partners 1.08 0.99 1.25 0.18

Experience with

oral-genital contact

no 1.00

yes 0.31 0.04 1.66 0.21

oral-anal contact

no 1.00

yes 2.84 0.28 76.25 0.44
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Table 5.14: Risk factors of HR negative head and neck cancer

Data source: NRL for Papillomaviruses and Polyomaviruses

OR
CI

p-value
(2.5% - 97.5%)

Age 0.99 0.96 1.02 0.46

Gender

female 1.00

male 1.24 0.62 2.57 0.55

Drinks per week 1.04 1.02 1.08 < 0.01

Years of education 0.92 0.83 1.02 0.12

Number of pack-years 1.03 1.01 1.04 < 0.01

Number of sexual partners 1.03 1 1.05 0.02

Experience with

oral-genital contact

no 1.00

yes 0.49 0.25 0.94 0.03

oral-anal contact

no 1.00

yes 1.57 0.54 4.36 0.4
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6. Discussion
Epidemiology of head and neck cancers is a currently trending topic. Growing

proportion of the tumors is caused by HPV infection which can be easily pre-

vented. However, no study of epidemiological trends of this disease focused on

the Czech Republic. In this thesis, we analysed mortality and incidence of head

and neck cancer in the Czech Republic to show that the observed trends cor-

respond to those of other populations described in the literature. We also used

data from NRL for Papillomaviruses and Polyomaviruses to analyse risk factors of

head and neck cancers and oHPV infection. Risk factors of oHPV infection have

never been analysed in Czech population and our study of HNSCC risk factors is

the biggest one performed in the Czech Republic up to now.

We demonstrated that the trends in HNSCC epidemiology in the Czech

Republic follow the same pattern as in other countries. We identified higher

number of sexual partners to be a risk factor of oHPV infection and presence of

HR HPV in oral washing to be major risk factor of HNSCC in Czech patients.

According to our results, higher number of sexual partners, smoking and alcohol

consumption are also risk behaviours associated with HNSCC diagnosis.

When studying HNSCC epidemiology, it is important to clearly define the di-

agnoses in question. In lot of studies, the definition is vague and the studies often

compare data from different time points, therefore probably using different ICD

revisions. Even though this phenomenon is quite common, it is rarely discussed

in these studies (Hashibe & Sturgis 2013). For example, Danish study of HNSCC

incidence by Blomberg et al. (2011) used data on incidence in the years 1978–

2007 with ICD-10 categories C00–C14 and C30–C32. Categories C30–C32 cover

several codes of ICD-9 coding but are, however, not represented in the ICD-9

BTL classification. We could not use categories C30–C32 without also somehow

converting mortality and incidence data from period before 1993 to ICD-9 BTL

(death rates in those years in the Czech Republic are only accessible in CoDQL

using BTL coding). In the mentioned study, the used data were extracted from

the Danish Cancer Registry database, but authors do not explain which codes
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of older ICD revision they used. For the demographic analyses in this thesis, we

used ICD-10: C00–C14 and its corresponding ICD-9: 140–149 codes (BTL: B08)

as is usual in HNSCC epidemiological studies. In the second part about HNSCC

and HPV risk factors, we used ICD-10: C00–C06; C09–C10 which was due to the

patient enrolment criteria in the original study. We used available online tools for

the ICD-10 to ICD-9 conversion and for its translation to Basic Tabulation List

codes. However, our results cannot be easily compared to studies where authors

do not specify their ICD conversion approach.

In demographic analyses, we can only use aggregated data. With such

data, it is impossible to follow association between incidence or mortality with

specific factors, such as etiology of the disease. However, it enables us to follow

population trends. Here we showed how HNSCC age-specific mortality changes

over time in the Czech Republic. We observed that in 1986 mortality was higher

in the older age groups (>70 years) than in the year 2013 where the incidence

increased in younger age groups. This is generally attributed to increasing

incidence of HPV-associated HNSCC, which affects younger individuals. In

Denmark population, the identified age group at risk for HPV-associated is >60

and 60+ for non-HPV-associated HNSCC (Blomberg et al. 2011). In the USA,

the increase of incidence has been also observed in patients younger than 60

(reviewed in D’Souza & Dempsey (2011)). In data on incidence and death rates

between the years 1986 and 2013 in the Czech Republic, we observed the dividing

age to be 70 years rather than 60. This difference might be specific to the

Czech population, but it could also be an effect of disease rareness. The greatest

differences in incidence within one age group were around 15 cases per 100, 000

in males and around 5 cases per 100, 000 in women. Overall differences in death

rates over the years were similarly small: 27.2 deaths per 100, 000 in men (in

85+ category) and 14.5 deaths per 100, 000 in women (in 85+ category). Future

studies could explore these differences in more depth - it would be interesting

to learn about the changes in incidence or death rates of individual diagnosis

(specific location of the tumour) and to compare epidemiology of head and neck

cancer in the Czech Republic with epidemiology in other countries, perhaps in

respect to their anti-smoking laws and the time of implementing of such measures.
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When we look at the incidence in regions of the Czech Republic in 2014,

we see differences among the regions for both men and women. In men, the

incidence is highest in Zĺın Region, while in women it is highest in Prague and

Hradec Králové Region. It is important to note that the biggest differences are

only 5 cases per 100, 000 women (Vysočina Region and Prague) and 18.8 cases

per 100, 000 men (Olomouc and Zĺın Region). We saw the same patterns for

region-specific death rates. In future studies, it would be interesting to also look

how region-specific death rate changes overtime. Correlating the incidence and

death rate with alcohol and tobacco consumption in those regions could show

whether these risk behaviours explain observed differences.

Throughout our demographic analyses, we saw higher HNSCC death rates and

incidence in men, which is in agreement with worldwide trends. Even though from

biological point of view there is no evidence of different mechanisms of HNSCC

origin in men, it is interesting to consider potential differences in risk factors, for

example possibly different route of transmission or genetic factors. Because of

the lower incidence in women, there were also fewer women in our clinical sample

and we could not analyse gender-specific risk factors. One of potential aims of

future studies with even bigger sample could be investigation of gender-specific

aspects of HNSCC.

Out of the variables fitted into the generalized linear model, the only

predictor of oHPV infection was the number of sex partners. Surprisingly, we

did not found association with any of the sexual practices. This may be due

to the fact, that the number of participants who report that they have some

experience with oral-oral contact was too great and for oral-anal contact it was

too low. Nevertheless, we show that oHPV is not associated with smoking and

drinking alcohol and that there are no gender-specific differences like we see for

HNSCC. In future studies focused on oHPV infection, we could also investigate

association with frequency of practices such as oral-genital contact, with number

of sex partners for these practices and perhaps even the use of barrier methods

of birth control as we further discuss below.
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In analysis of risk factors of HNSCC, we confirmed previously found risk

factors, such as smoking, alcohol consumption, higher number of sexual partners

and most notably presence of HR HPV in the oral cavity. One of the most

interesting results is the protective effect of oral-genital contact in HNSCC (p =

0.05). We could argue that by potentially more frequent encounter with the virus

individuals engaging in oral-genital contact could develop stronger immunity

against it, since preexisting antibodies can prevent reinfection with the virus

and it has been previously shown, that HPV seropositivity is associated with

higher number of sexual partners (Rahman et al. 2016, Rettig et al. 2016). In

the analyses of oHPV risk factors, we did not see the same protective effect

of oral-genital contact. Even so, the protective effect of oral-genital contact

could potentially protect against developing persistent oHPV infection (and

subsequently developing cancer) but not against the mere HPV presence at

the point of the study. On the contrary - if this were true, we should actually

see increased incidence of oHPV in individuals who engage more frequently in

oral-genital contact (and thus boosting their immune system). Moreover, up to

now no study has suggested such effect of ”immunity boost by risk behaviours”,

even though several studies had result similar to ours: either no significant

association or protective affect of oral-genital contact in head and neck cancers

(reviewed in Chancellor et al. (2016)). Our study unfortunately did not collect

information about the frequency of participants’ sexual practices or the number

of partners for such practices, but it would be yet another interesting topic for

future studies. While the number of sexual partners for oral sex is sometimes

included in the studies, but not always found to be significant risk factor in

HNSCC (reviewed in Chancellor et al. (2016)), frequency of oral-genital sex is

not a commonly investigated risk factor.

In both of our risk factor analyses, we used set of clinical data from ORL

clinic. Our participants were enlisted as either patients (with HNSCC) or con-

trols. While sampling is a critical point of any clinical study design, hospital-based

sampling certainly has its advantages. We automatically filter out role of the en-
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vironment because patients and controls live roughly in the same area. Above

all, it is highly practical for conducting the study. That said, it is important

to also be mindful that hospital-based population does have its specifics, be it

higher prevalence of smoking or occurrence of other risk factors which might have

brought them into the hospital in the first place. Although our questionnaire cov-

ered potential comorbidities, we decided not to use this data as it should not have

major impact on the presented results. If used carefully and with awareness of

potential biases which might occur when using hospital-based cohort, our gender

and age matched cohort is quite suitable for analysis of such rare outcome as

head and neck cancer.

The same cohort was also used in analysis of risk factors of oHPV. Unfortu-

nately, it suffered from unequal representation of oHPV positive and negative

individuals. However, case-control study for oHPV infection would be more

complicated to conduct than for HNSCC because the infection is inapparent

and participants would have to be tested in order to be designated as ’cases’ or

’controls’. Making use of the data gathered in case-control study for HNSCC is

a suitable way to inspect risk factors for oHPV infection.

Second important study limitation is the design of the questionnaire, which

originated almost 17 years ago. In concordance with current literature, it would be

helpful to also include question on age of sexual debut. Our cohort was sampled

before the first HPV vaccine was available in the Czech Republic. Incidental

vaccination with the first available vaccines in 2006 would not influence the results

of HNSCC risk factor analysis, because the vaccine could not have reversed any

ongoing pathological changes in the patient group. Recently, the question of HPV

vaccine status became more relevant and therefore should be included in future

studies. Our questionnaire also did not take into consideration the use of barrier

methods of birth control. Since HPV is sexually transmitted, the use of condoms

(in this case during oral sex) is an important way to prevent the infection and

with vaccination could be an important target of prevention programs.

Comparison of our results to those of other studies is compromised by the

fact that each study defines certain variables differently. For example in study by
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Gillison et al. (2008), alcohol drinker is defined as “an individual who had ever

consumed one or more drinks of alcohol per month for more than 1 year” and

smoker as “individual who had ever smoked one or more cigarettes per day for 1

year or longer”. Some studies categorise age as “55 and younger” and “older than

55” (Tachezy et al. 2009), whereas some other studies create even more categories

(Chaturvedi et al. 2011, Anantharaman et al. 2016). Given that published studies

do not typically agree on the dividing age category and our demographic results

suggest that the ”younger age” might go as high as to 70 years, we decided to

control for age using it as continuous variable.

In final linear regression models, we included age of participants as well as

pack-years. These two variables were intercorrelated (not shown) and could con-

found the results. However, when we created the model with smoking status as

a categorical variable (have the participant or have not ever smoked), the results

remained unchanged (not shown). Therefore, we decided to keep both age and

pack-years in the final models. Unfortunately, due to larger number of NA values

due to non-response, we could not include age of the first oral-genital contact in

the model which we have found significantly associated with oHPV infection and

HNSCC diagnosis in the preliminary tests. We were also able to confirm that

there are two distinct groups suffering from HNSCC, each with different predic-

tors and risk behaviours. The group infected with HR HPV did not show any

increased risk of HNSCC in relation to alcohol or smoking that was observed in

the HR HPV negative group of HNSCC.

Using seropositivity as a marker for HPV positivity is debatable, because

antibodies persist even when the infection is cleared by the immune system

and is no longer relevant. On the other hand, it has been shown that the

antibody level in serum is elevated prior to HNSCC diagnosis and can be used

as predictor of HNSCC (Kreimer et al. 2013, 2017). In this thesis, we did not

use results of serology tests as a marker of HPV infection. Because we were

specifically interested in oHPV infections which cannot be serologically distin-

guished from HPV infections in other locations, including serological markers

in our analysis of oHPV risk factors would in this case not contribute to the study.
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According to the published literature, the oHPV prevalence is usually less

than 10% (reviewed in Chung et al. (2014)). In our data set, 33.68% of partici-

pants were positive for HPV DNA in their oral washing. This is not surprising

given that the high oHPV prevalence is to be expected in HNSCC patients. In

healthy (without HNSCC) controls, the prevalence was 13.18% which is slightly

higher than previously published prevalences, but could be explained by higher

age of the control group in our age matched sample as the oHPV prevalence

is associated with age (reviewed in Chung et al. (2014)). Indeed, it would

be interesting to conduct population-based study, to confirm that the oHPV

incidence in the Czech Republic is not higher than it has been published for other

populations. Coincidentally, such study is currently ongoing in the NRL for

Papillomaviruses and Polyomaviruses. Preliminary data from university student

population show that the oHPV prevalence is indeed very low and agrees with pre-

viously published studies (unpublished results of NRL, personal communication).

Upon identifying risk population for contracting oHPV and subsequently de-

veloping HNSCC, discussion about prospective prevention programmes should

take place. Primary prevention in the form of already available HPV vaccines

could be undeniably the first step in control of HNSCC. Here, it is important

to again emphasise that HPV can cause not only cervical cancer but also other

benign and malignant diseases also in men such as penile, perianal, anal and HN-

SCC cancer as well as genital warts and laryngeal papillomatosis. While HNSCC

threatens especially men, the recommendation to also vaccinate boys came out

only recently (Czech Vaccination Society ČLS JEP 2017).

Precancerous stages detectable by examination of oral or histological tests

in individuals at risk (similarly to cervical carcinoma screening) have not yet

been established as a suitable method for HNSCC screening. The data of the two

recent studies suggest that serological markers of HPV infection could be an early

marker of HNSCC, but currently, there is no intervention that can be offered

to individuals found to be HPV positive (reviewed in Kreimer (2014)). Some

researchers propose tonsillectomy (i.e. surgical removal of tonsils) as preventive

measure for such individuals at risk (Fakhry et al. 2015). This procedure however
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is not without its risks and further evaluation of its advantages and disadvantages

is needed.

Some potential research targets were already mentioned throughout this

discussion. Additionally, future studies could further explore for example risk

factors associated with specific anatomic locations of the tumour, more biological

markers as a tool for screening and also evaluate patient survival associated with

these factors and potential individual treatment plans.

In this thesis, we illustrated epidemiological trends of HNSCC in the Czech

Republic. We analysed risk factors of HNSCC in case-control study conducted

by NRL for Papillomaviruses and Polyomaviruses. Furthermore, we explored

risk factors for oHPV infection, which has previously never been done in Czech

population.
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7. Conclusion
Head and neck cancers are increasing in incidence worldwide and Czech Republic

is no exception. The need of effective screening and means of prevention

is apparent and largely debated in published literature. In this thesis, we

contributed to knowledge of Czech population-specific trends of HNSCC.

In the first part, we have set out to show epidemiological trends of HNSCC

in Czech republic with the use of publicly available data in large databases,

such as WHO Mortality Database and Czech National Oncology Registry. We

show that in agreement with trends observed in other countries, mortality in

the Czech Republic does not decline and since 1980s, the HNSCC incidence

and death rates shift to younger age groups. We also show that incidence and

death rates in regions of the Czech Republic are differently distributed in men

and women and argue that these differences resemble the overall trend among

European countries and is probably attributable to relative rareness of the disease.

In the second part of the thesis, we conduct case-control and cross-sectional

study to analyse risk factors of head and neck cancers and oHPV infections.

We identified number of sexual partners to be risk factor of oHPV infection

a and alcohol consumption, smoking and higher number of sexual partners as

risk factors for head and neck cancers. Most importantly, we show that HR

HPV presence in oral cavity is indeed strong predictor of head and neck cancer

regardless of other risk factors and that two distinct groups of patients with

different risk factors can be identified based on the presence of HR HPV in oral

cavity.
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Ústav zdravotnických informaćı a statistiky ČR.
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Figure A.1: Regions of the Czech Republic
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