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Abstract
Previous studies examining the negative effect of the COVID-19 pandemic on
cancer incidence and stages of cancer mainly used data from the first months
of the pandemic. However, comprehensive research on this topic in the context
of the Czech Republic remains limited. This thesis aims to explore whether
a negative impact can also be observed in the Czech Republic and extends
the existing literature by incorporating data from subsequent years to assess
whether the effects persisted over time. Descriptive statistics were used to
analyse changes in incidence, and an ordinal logistic regression was applied to
the stages of cancer to preserve its ordinal scale. A small decrease in newly
detected cases was observed in 2020, with the recovery period lasting two years
(up to 2022). Moreover, people diagnosed during the pandemic years had
slightly higher odds of being in an advanced stage compared to those diagnosed
in 2019. The adverse impact of the COVID-19 pandemic period on early cancer
detection is further magnified by the contrasting trend observed during the pre-
pandemic period (2015-2018). During that time, the odds of early detection
increased.
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Abstrakt
Předchozí studie, které se zabývaly vlivem pandemie COVID-19 na incidenci
a stádia rakoviny, využívaly zejména data z prvních měsíců pandemie. Avšak
ucelený výzkum na toto téma v rámci České republiky zůstává nedostatečný.
Cílem této práce je zjistit, zda lze zachytit negativní dopad i v České repub-
lice, a zároveň rozšířit dosavadní literaturu o údaje z následujících let, aby bylo
možné zhodnotit, zda účinky přetrvávají v čase. Popisná statistika byla použita
v analýze týkající se změn ve výskytu rakoviny, zatímco ordinální logistická re-
grese byla použita na stádia rakoviny k zachovaní ordinální škály. V roce 2020
byl zaznamenán mírný pokles nově zjištěných případů rakoviny, přičemž zo-
tavovací období trvalo dva roky (až do roku 2022). Navíc osoby, které byly
diagnostikovány během pandemických let, vykazovaly lehce vyšší šanci, že bu-
dou detekovány v pokročilejším stádiu, oproti lidem, kteří byli diagnostikováni
v roce 2019. Tento nepříznivý dopad je dále podpořen opačným trendem, který
byl zpozorován v předpandemickém období (2015-2018). V té době se šance na
včasnou diagnózu zvýšila.
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Chapter 1

Introduction

In the Czech Republic, cancer is the second most common cause of death,
closely behind cardiovascular diseases. Every year, there are around 28,000
cancer-related deaths and 60,000 new cases detected. These numbers indicate
that one in three people in the Czech Republic will develop some form of cancer
during their lifetime, and the numbers are increasing. Due to the ageing of the
population, the unhealthy lifestyle, and the lack of in-depth health and health-
care knowledge, it is expected that by 2035, cancer will surpass cardiovascular
diseases in EU mortality rates (MZČR 2022). In addition, the COVID-19 pan-
demic caused great disruptions not only in people’s lives but also in cancer
statistics. Mobility restrictions had a prominent impact on health services.
Specifically, OECD & EU (2022) expect that disruption in cancer screening
and early detection initiatives will lead to an increase in new cancer cases in
more advanced stages and a lower survival chance. These consequences will
be expected on a global scale, making it relevant to examine the changes also
within the Czech Republic (OECD & EU 2022).

This thesis attempts to explore such effects using the data from the Czech
National Cancer Registry. Numerous papers have been published in other
countries analysing the effect of the pandemic on cancer incidence rates and
the shift to higher clinical stages. In the first two months of the pandemic,
the incidence rates decreased by around 20-30% in the Netherlands (Dinmo-
hamed et al. 2020), Denmark (Skovlund et al. 2021), and Slovenia (Zadnik
et al. 2020). Some disproportional impacts were detected between genders (Ja-
cob et al. 2021) and also between age groups (Belgian Cancer Registry 2020).
Specifically, women and older people reported a greater decrease in new cases.
When it comes to clinical stages, in the US, a relative shift to more advanced
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stages of cancer was observed (Han et al. 2023). Peacock et al. (2024a) analysed
the changes in specific types of cancer in Belgium, finding a decrease in early-
stage diagnosis in cervical, prostate, colorectal, bladder, and breast cancer in
2020, compared to the previous year. However, no shift to advanced stages was
observed. In contrast, an increase in the advanced stages of colorectal cancer
was detected in a Japanese study (Kuzuu et al. 2021) and two Italian studies
(Rottoli et al. 2022; Mentrasti et al. 2022).

A notable gap in the existing literature is addressed by this thesis, as the
topic has not yet been explored in the context of the Czech Republic. The paper
also includes not only pandemic years (2020 and 2021) but also a post-pandemic
year (2022). This allows the identification of any potential effects that persisted
into 2022, indicating delayed or prolonged impacts of the pandemic period.
Moreover, an ordinal logistic regression is applied to the cancer incidence data
to account for the ordered scale of clinical stages, which previous research has
disregarded.

The rest of the thesis is organised as follows. Chapter 2 contextualises the
cancer profile in the Czech Republic, giving some insight into the mortality
rates, incidence rates, prevalence, and the country’s position within the EU.
Chapter 3 begins by examining diagnostic delays and the role of screening
in ensuring accurate reporting of cancer incidence rates and facilitating early
detection. The chapter then provides a review of the existing literature on
changes in cancer incidence and clinical stages during the COVID-19 pandemic.
In Chapter 4 the ordinal logistic regression is explained, including its underlying
assumptions and interpretation methods. The dataset used for our analysis is
presented, and the structure of the model is described. Chapter 5 first reports
the results of the descriptive analysis and the main model. The overall adequacy
of the main model is then assessed by checking the validity of its assumptions
and its robustness. An alternative model with interaction terms is introduced,
and at the end of the chapter, a pre-pandemic model is presented to explore
possible time trends before the pandemic. Lastly, Chapter 6 summarises the
main findings and compares them with the results of the studies reviewed in
Chapter 3. The chapter also addresses the limitations of the study and proposes
potential directions for future research.



Chapter 2

Cancer Profile in the Czech
Republic

2.1 Cancer Mortality, Incidence, and Prevalence
in the Czech Republic

2.1.1 Mortality

Historically, cancer is the second most common cause of death, globally and
in the Czech Republic, closely behind cardiovascular diseases (ÚZIS ČR 2023).
Furthermore, when limited to individuals under the age of 65 it becomes the
leading cause of death (MZČR 2022). For example, in 2021, 1.1 million deaths
(incl. non-melanoma skin cancer (NMSC))1 in the EU, were due to cancer,
corresponding to 21.6% of the total number of deaths (Eurostat 2024).

In the Czech Republic, the age-standardised cancer mortality rate has been
on a decline, mainly from 2003 onward (ÚZIS ČR 2016). In 2017, there were
258 cancer-related deaths per 100,000 population, the number increased to 264
deaths in 2019 (2% increase) and in 2021 the rate decreased to 257 deaths,
resulting in a 3% decrease (incl. NMSC) (ÚZIS ČR 2016; 2021; 2023). However,
the cancer mortality rate for 2021 remains 9% higher than the EU average (see
Figure 2.1) (OECD & EC 2025).

1Despite being one of the most common types of cancer, NMSC is often not included
in studies as it could distort the findings due to its mild nature, early detection, and low
mortality rate. All cancer data in this paper will exclude non-melanoma skin cancer unless
otherwise specified.
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Figure 2.1: Czech Cancer Mortality Rates in Comparison to the EU
Average in 2021

Source: Own creation based on Eurostat data (2025).

In 2021, malignant neoplasm (MN) of the lung2, colorectum, pancreas,
breast, and prostate represented more than 51% of total cancer-related deaths
in the Czech Republic (ÚZIS ČR 2023). Lung cancer alone covered 18% of
the total cancer-related deaths. It remains the main cause of men’s MN deaths
since the 1990s. Historically, for women, the most common MN death was due
to breast cancer, as lung cancer surpassed the number of breast cancer deaths
only in the last decade. Although lung cancer is the most common cause of MN

deaths, large gender disparities can be found in the absolute number of deaths.
Specifically, men exhibit mortality rates that are twice those of women. Col-
orectal cancer in 2021 occupied the second place among MN deaths in men
(13% of male MN deaths) and the third place in women (10% of female MN

deaths). Lastly, for the same year, prostate cancer was the third most common
MN death in men (10% of male MN deaths) (ÚZIS ČR 2016; 2021; 2023).

Generally, there are also further differences in mortality rates across age
groups. In 2017-2021, the most common deaths from MN among people aged
20-29 years were of the meninges, brain and spinal cord, cranial nerves, and
other parts of the central nervous system. Those 30-49 years of age also reported

2Includes trachea and bronchus cancers.
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high rates of breast cancer mortality, in addition to a high rate of mortality
related to cancer of the central nervous system. Individuals in the 50-79 age
group were considerably more likely to die from lung cancer compared to other
types of cancer, whereas those aged 80 and older had higher colorectal cancer-
related deaths (ÚZIS ČR 2023).

When it comes to regional mortality rates, large disparities were found
between Czech regions. The highest disparity in 2018-2022 was up to 50%
in lung cancer. Other substantial variations were in colorectal, breast, and
prostate cancer (up to 23-28%) (ÚZIS ČR 2023; OECD & EC 2025).

2.1.2 Incidence

Cancer incidence refers to the number of new cases reported in a population
over a specific period. In the Czech Republic, the rates have been on a steady
climb over the past twenty years (ÚZIS ČR 2016; 2021). However, a slight
decline was detected in 2020 and 2021. This could be attributed to the fewer
exams performed after the pandemic measures set by the Czech government
(ÚZIS ČR 2023). Similar patterns were detected in other countries. A study
carried out in the Netherlands found that the average number of cases during
the first three months of the pandemic fell by 20% (Dinmohamed et al. 2020).
Even greater falls were in Italy (De Vincentiis et al. 2021), where it was 39%
and in the UK (Rutter et al. 2021), where, due to restrictions on endoscopic
examination, 58% of potential cases were not detected.

Recent national Czech reports show that the absolute number of new cases,
which increased up to the year 2019, fell in 2020 (from almost 64,000 to 59,000)
(ÚZIS ČR 2021; 2023). In 2021, the incidence further decreased to around
58,000. Almost half of these cases were covered by the most common types
of cancer, specifically prostate, breast, colorectal, and lung cancer, each con-
tributing annually to around 7000 new cases.

The 2022 rates, reported by the Global Cancer Observatory (2024), reveal
that the Czech Republic occupies 13th place among the 27 EU states based
on the absolute number of incidences. In that year, a little over 61,000 new
cases were reported in Czechia. The age-standardised incidence rates for both
genders in the Czech Republic were below the EU average (300 per 100,000
among Czech men compared to 308 per 100,000 for the EU average and 245
per 100,000 among Czech women compared to 252 per 100,000 for the EU
average). Among these cases, the prostate cancer rate in Czech men was 10%
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higher than the EU average. In contrast, lung cancer had better rates for both
genders, 23% lower for men and 15% lower for women compared to the rest of
the EU. Czech women also showed lower age-standardised incidence rates of
breast cancer (13% lower than the EU average). Finally, colorectal cancer rates
in both genders were largely comparable to those observed across the EU.

There are also large regional differences. Between 2017 and 2021, the Prague
region registered the lowest number of new cases per 100,000 population among
men, and the Central Bohemian Region had the lowest number of new cases
among women. Conversely, the highest number of new cases was in Hradec
Králové Region for both men and women (ÚZIS ČR 2023).

The older population significantly dominates the structure of the incidence
rate’s age distribution. The average age of new MN cases in Czechia for 2017-
2021 was 69 years. Almost 80% of all new cases among men in 2017-2021 were
60 years or older. Women had a slightly lower share of the age category within
their gender (72%). In addition, certain types of cancer are more prevalent in
specific age groups. Young adults aged 20-29 years are more often diagnosed
with testicular or thyroid cancer. Those in the 30-59 age group are more
commonly diagnosed with breast cancer and those in the 60-79 age group with
prostate cancer. The population older than 80 years has a higher incidence
rate of colorectal cancer compared to other types (ÚZIS ČR 2023).

2.1.3 Prevalence

The prevalence indicates the number of survivors who have overcome or are
living with the disease. A comprehensive research, done by De Angelis et al.
(2024), estimated around 22 million people to be alive in 2020 within the Eu-
ropean Union, with large disparities between countries based on cancer type.
Based on their findings, the prevalence of cancer has increased by 41% between
the years 2010 and 2020. This large increase is claimed to be partly due to the
ageing of the population, considering that the number of people over the age
of 65 increased by 20% during that period, rather than by the growth of the
population, which only showed a 3% increase.

Of the 22 million survivors in 2022, the Czech Republic accounted for more
than 460,000 occurrences (ÚZIS ČR 2023), and each year the numbers are
increasing due not only to better survival rates but also because of increasing
incidence rates. OECD & EC (2023) revealed in their report that in 2022,
the estimated 5-year age-standardised cancer prevalence rate was 5% lower in
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the Czech Republic than in the EU. On the other hand, the lifetime cancer
prevalence in 2010-2020 had a 3 percentage point (pp) higher increase than the
EU average (27% increase compared to 24% increase). Moreover, national data
observed a 3% average year-to-year increase in the prevalence rate between
2015 and 2021 (ÚZIS ČR 2016; 2021; 2023), highlighting the importance of
prioritising survivorship and quality of life in cancer care (OECD & EC 2025).



Chapter 3

Literature Review

Apart from leading a healthy lifestyle to minimise the risks of getting cancer,
early detection and subsequent proper treatment are major secondary preven-
tive measures for cancer (McCormack & Aggarwal 2021; ÚZIS ČR 2025b). The
delay in diagnosis negatively impacts the stage of cancer and thus the survival
rate of the individual. Therefore, extensive and effective screening programmes
are key instruments in reducing morbidity and mortality rates (PDQ Screening
& PEB 2023; ÚZIS ČR 2025b). According to Neamţiu et al. (2022), the main
reasons for lower incidence rates recorded during the pandemic in Europe can
be attributed to the restriction of diagnostic visits, interruption of screenings,
and overall postponement in non-emergency healthcare.

3.1 Cancer Diagnosis Delays and Screening Dis-
ruptions

3.1.1 Diagnostic Delay

Diagnostic delays can occur at various points along the diagnostic pathway.
Allgar & Neal (2005) define these stages as: ‘patient delay‘ (from the initial
appearance of symptoms to the patient’s first medical consultation), ‘primary
care delay‘ (from the first medical consultation with their general practitioner
(GP) to referral for advanced care or diagnostic consultation), ‘referral delay‘
(from referral to undergoing secondary care), and ‘secondary care delay‘ (from
the first contact with secondary care to diagnostic confirmation).

Notably, Allgar & Neal (2005) reason that screening enables earlier diagnosis
by bypassing delays in both patient presentation and primary care assessment,
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as it is used to find cancer cells before any evident symptoms (PDQ Screening
& PEB 2023). Concerning the COVID-19 pandemic, a meta-analysis of 17
European countries (the Czech Republic was not part of the study) showed
a general adverse effect of the pandemic on timely diagnosis (Pennisi et al.
2024). For instance, in the UK, the suspension of cancer screening along with
the advisories of home confinement and overall fear present in the general public
may have resulted in delays in diagnosis and treatment (Abraham et al. 2023).
Countries with health care expenditures of less than 2,000 euros per capita or
lower investments in screening programmes had longer diagnostic delays. In
addition, Alkatout et al. (2021) expect the postponement of cancer screening
to affect incidence rates, mortality rates, and the total years of life lost.

When it comes to the effect on cancer stages, a study in Canada, where
screening programmes were suspended in the first half of 2020, estimated that
a postponement of 3 and 6 months in breast and colorectal screening would
result in a greater number of cancers detected in an advanced stage between
2020 and 2029, and longer interruptions (over 12 months) would lead to a more
severe increase in late-stage cases (Yong et al. 2021). Ricciardiello et al. (2021)
reached the same conclusion in their study for colorectal cancer, in which they
disclosed that a delay of more than 6 months would result in a 3-7% increase
in late-stage incidence rates.

3.1.2 Screening Disruptions

The Czech Republic remains to be one of the leading countries in Europe in
terms of cancer screening participation rates (OECD & EC 2025). National
screening programmes are part of preventive measures in public healthcare
(MZČR 2020b). Until 2022, four well-established nationwide programmes were
available for the target population: breast cancer screening, cervical screen-
ing, colorectal tumour screening, and general neonatal screening. In 2022, a
screening programme for lung cancer was added, and two years later, a screen-
ing programme for prostate cancer was implemented. Participation in these
screenings is voluntary and fully covered by health insurance (ÚZIS ČR 2025b).
The rest of this subsection focuses only on the screening programmes for cancer
detection.
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The oldest national screening programme is for colorectal tumours, which
has been active in the Czech Republic since 2000. Until 2009, individuals over
the age of 50 could only take a faecal occult blood test (FOBT) performed
once every two years. The programme was then renovated so people could
choose between the FOBT or a colonoscopy exam, which is done once every 10
years (IBA LF MU 2025). Two years after the start of the colorectal cancer
screening, the breast screening programme was launched. It is aimed at the
female population aged 45 and older, and the mammography can be performed
free of charge once every two years (NSC ÚZIS ČR 2003). Cervical screening
was added to the annual gynaecological preventive examination in 2008. The
cytology examination is performed by a Pap smear. And from 2021, women
between the ages of 35 and 45, which was expanded to 55 in 2024, can undergo
an HPV examination (NSC ÚZIS ČR 2008).

In 2022, a lung screening programme was implemented for former or active
heavy smokers between 55-74 years of age (ÖGÖ & ÚZIS ČR 2023). The
starting line for heavy smokers is 20 ’pack-years’, which is defined by how
many packs of cigarettes an individual has smoked during their time of active
tobacco use. 20 pack-years could mean an average of one pack a day for the
past 20 years, two packs a day for the past 10 years, 4 packs a day for the
past 5 years, etc. (ÚZIS ČR 2025a). Willing participants undergo a standard
examination done by a lung specialist and also a low-dose CT (LDCT) in a
radiology department. The frequency of these tests depends on the specific
person and is determined in consultation with the specialist. Typically, it is
done yearly or every two years. The most recent screening programme, which
has been active since 2024, is for men between the ages of 50-69 years to detect
prostate cancer. The GP does a blood test and, based on the results, determines
when the next test should be performed or if an examination in a urological
department is necessary (ÚZIS ČR 2024a).

When it comes to screening programmes and their effect on incidence rates
and clinical stages in the Czech Republic, after the introduction of the breast
cancer screening programme, breast cancer-related mortality decreased by 32%.
Of the 62,000 incidences reported between 2000 and 2022, most were in the
early stages with successful treatment. Cervical cancer mortality rates have
decreased by 25% and incidence rates by 24%. The most prominent changes
were in colorectal cancer mortality, where rates fell by 48%, and the number of
new cases fell by 32% (Válek et al. 2024).
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In addition to well-established national screening programmes, since 2014,
health insurance funds have started sending personal invitations to high-risk
populations to improve screening participation rates. The project is aimed at
those who have not attended the screening programmes for breast, cervical, and
colorectal cancer in the last 3 years (ÚZIS ČR 2014). Based on the 2018 report
(Ngo et al. 2018), more than 6 million screening invites (including follow-up
invitations if there was no response to the first invitation) were sent to the target
groups over the 4 years. They had a participation rate of 30-40%, increasing
the coverage of the target population. The rate was particularly high for new
participants of the invitation programme and decreased for those who were
repeatedly invited. The greatest improvement in screening rates was tracked
after the start of the invitation campaign for colorectal screening.

Participation Rates in Breast Cancer Screening

Since 2014, each year, more than half of the target population of the breast
screening programme has had a mammogram taken within two years (ÚZIS
ČR 2024c). In 2019, when focusing only on women aged 50-69 years, 77% of
them have partaken in the screening in the last two years, which is 11pp more
than the EU average (66%) (OECD & EC 2023). The figures of the pandemic
years, specifically in 2020, showed a slight relative drop of 2-3% in the uptake
of the entire target population (45 years and older), although it has stabilised
in 2022 (ÚZIS ČR 2024c). Returning to those in the 50-69 age bracket, in 2022,
the participation rate fell to 60% in the Czech Republic compared to the EU
average of 56% (OECD & EC 2025).

Participation Rates in Cervical Cancer Screening

Larger disruptions occurred in cervical screening during and after the pandemic.
Women in the 55-79 age group reported a 10% relative drop in participation
in the first year of the COVID-19 crisis and have recovered in the next year.
In contrast, the participation of younger women (15-29 years) has been on a
decline after 2020 and has not yet returned to pre-pandemic levels (ÚZIS ČR
2024b). In addition, the uptake of Czech women aged 20-69, who had their
screening done in the last 3 years, has fallen from an 83% attendance rate in
2019 (OECD & EC 2023) to 74% in 2022 (OECD & EC 2025). Despite these
statistics, the Czech Republic still has one of the highest screening attendances
in the EU.
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Participation Rates in Colorectal Cancer Screening

Colorectal screening has a lower show-up rate compared to the other two pro-
grammes (around 25%), although the numbers have increased by 5pp after the
start of the personal invitation project in 2014 (around 30%) (ÚZIS ČR 2024d).
Nevertheless, only 29% of people aged 50-74 years were screened in the Czech
Republic in 2022 compared to the 42% EU average (OECD & EC 2025). These
reports show a drastic change after the COVID-19 pandemic, given that in 2019
the numbers for the same age group were 45% for Czechia compared to 33% for
the rest of the EU (OECD & EC 2023). What is also important to note is the
gender gap in the uptake. Men have overall lower levels of participation than
women (around 14pp less for those 50 years and older), and the gap increases
when we look at older age groups (around 25pp difference for those 75 years
and older) (ÚZIS ČR 2024d).

Participation Rates in Lung and Prostate Cancer Screening

The last two programmes were implemented after the COVID-19 pandemic.
As of September 2024, there were more than 39,000 individuals who joined the
lung cancer screening programme. Over 75% took part in the screening by re-
ferral from their GP, 23% went directly to a lung specialist and 2% of the people
have taken an LDCT without visiting their GP or a pneumology department.
Altogether, over 13,000 LDCTs were made between January 2022 and Septem-
ber 2024. Based on data from the National Registry of Reimbursed Health
Services, 42% of healthcare facilities with GPs and 98% of healthcare facilities
with pneumology departments are fully involved in the screening programme
(ÚZIS ČR 2025c).

The Commission for the Preparation of an Early Detection Programme for
Lung Cancer pointed out the lower cooperation of GPs compared to the prostate
cancer programme, where it was 70% (Vašáková et al. 2024). In contrast, only
around 10-30% of the specialised healthcare facilities (urology departments)
actively participate in the prostate cancer programme (the lowest participation
being in the Ústí Region, the highest in the Karlovy Vary Region). Regardless,
nine months after its launch, there was a high willingness to participate, 99%
of the 107,973 individuals addressed by healthcare workers agreed to take part
in it, while only 1,155 refused (Zachoval et al. 2025).
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Although mortality rates showed great improvements and no official sus-
pension of the programmes was enforced during the pandemic, there was an
evident general decline in screenings in 2020, and the rates remained below
the pre-pandemic levels in 2022. OECD & EOHSP (2021) believe these re-
sults were due to restrictions in healthcare facilities, reduced availability in
appointments, and perhaps most significantly, patient delays driven by fear of
COVID-19 infection. Therefore, an assessment of the time trend and the effect
of the pandemic should be made to determine whether a potential delay in
incidence rates will be present in the future.

Participation Rates in the EU

The same decline in screening rates was revealed in several other EU countries
(Neamţiu et al. 2022; Blay et al. 2021; Rutter et al. 2021; Barclay et al. 2024),
as most of them experienced a halt in screening programmes for the first half
of 2020. In a systematic review of 22 papers, Alkatout et al. (2021) determined
that the COVID-19 pandemic has affected cancer screening rates for all levels of
hospital care in all age groups. All types of screening programmes experienced
a drop in detection rates. The effect was greater in countries with poorly man-
aged rates of COVID-19 infection or higher prevalence of COVID. Compared to
the pre-COVID period, there were significant differences in breast (Mayo et al.
2021; Li et al. 2023), colorectal (Mayo et al. 2021; Mazidimoradi et al. 2022)
and cervical screening participation (Mayo et al. 2021; Ferrara et al. 2022). In
some studies on colorectal cancer screening, the pandemic had a temporary ef-
fect and uptake rates returned to pre-pandemic levels (Myint et al. 2021; Kirac
et al. 2020), while, for example, Canada (Tinmouth et al. 2021) and the UK
(Shinkwin et al. 2021) had a prolonged disruption. Furthermore, the drop in
cervical screening was more pronounced in Slovenia, reporting a 92% decline
(Ivanuš et al. 2021) compared to other EU states, for example, Italy had a 43%
decline (Battisti et al. 2022) and Germany a 57% decline (Gremke et al. 2022).

In summary, these disruptions in cancer prevention are believed to have
contributed to diagnostic delays and the fall in the number of new cases and
are assumed to lead to the escalation of cancer to later stages at diagnosis. In
the next section, the magnitude of the impact in several countries is analysed.



3. Literature Review 14

3.2 Impact of the COVID-19 Pandemic on Inci-
dence Rates

Similar to the drop in cancer incidence rates observed during the pandemic
years in the Czech Republic, comparable trends were reported in other countries
due to diagnostic delays and postponement of screenings. The Netherlands
found a relative decrease in cancer diagnosis by 20% in both genders and all
age groups from March to April 2020 (Dinmohamed et al. 2020). Consistent
results across the population were also observed in Slovenia (Zadnik et al. 2020)
and Denmark (Skovlund et al. 2021), where it fell by one-third compared to
the March-May period of previous years. On the other hand, in Germany, the
incidence rate among women aged 14-40 years decreased prominently, whereas
men did not report significant differences (Jacob et al. 2021). In Belgium, the
average incidence rate fell by 14% between March and September, with the
older population being impacted more compared to younger groups (Belgian
Cancer Registry 2020). April was the most critical month for most countries
and a small stabilisation was observed in Belgium from May onward.

There were notable differences in falls according to the type of cancer. In the
Netherlands, skin cancer was met with the most prominent decline in incidence
rates by 39% (Dinmohamed et al. 2020), in Italy it was for colorectal (62% de-
cline), bladder (66% decline) and prostate cancer (75% decline) (De Vincentiis
et al. 2021). The UK had a great reduction in overall endoscopy and conse-
quently faced a prominent fall in new cases of colorectal cancer (72% decline)
(Rutter et al. 2021).

Most of the research used descriptive analysis of the selected period and
compared it to observations from previous years. Skovlund et al. (2021), have
constructed a linear model for the Danish data, and Jacob et al. (2021) have
opted for Wilcoxon tests to assess the differences between the two periods. The
authors centred the research around the first half of the pandemic, breaking the
results down into specific months. However, as mentioned before, a spillover
effect could potentially be present after 2020 due to diagnostic delays. There-
fore, analysing the effects in the subsequent years could uncover some other
patterns.
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3.3 Impact of the COVID-19 Pandemic on Cancer
Stages at Diagnosis

Assigning stages to the cancer diagnosis informs us of the size and progression of
the cancer, whether it has spread to other areas or is restricted to one area. As
mentioned above, it is well known that timely detection of cancer significantly
improves the success of treatment and that the incidence of early-stage cancer
is expected to fall after the pandemic.

Stages of cancer are numbered from 1 to 4 (sometimes written in Roman
numerals, i.e., I-IV) based on the Tumour Node Metastasis (TNM) system.
Stage 1 represents early detection of cancer when the size is small and has not
spread to other tissues. Stage 2 surpasses stage 1 through cancer growth. At
stage 3, the cancer may have begun to spread to the surrounding tissue and is
noticeably larger. The last stage is also sometimes referred to as secondary or
metastatic cancer, at which point the cancer has spread to other organs (Cancer
Research UK 2023). The Institute of Health Information and Statistics of the
Czech Republic, or Ústav zdravotnických informací a statistiky ČR (ÚZIS ČR)
in Czech, also includes in their databases information on the missing stages of
cancer defined under X and Y. The value X indicates an objective reason for
the undisclosed stage, such as early death, no records of anticancer treatment,
or no TNM classification. On the other hand, individuals with the value Y
have a missing stage record due to incomplete reporting.

The statistics of early cancer detection in the Czech Republic are improving
every year for some cancers, for instance, in 2017-2019, on average, 78% of
breast cancers and 69% of prostate cancers were detected in stages 1 or 2.
However, the numbers are not as favourable in colorectal cancer, which had,
for the same period, on average 44% cases in stages 1 or 2 and 20% in stage
4. The poorest data reports were in lung cancer, where 49% of the cases
were in stage 4. Between 2020 and 2022, the distribution of stages remained
relatively stable with only 2-3pp falls. Upon closer examination, we can also
detect a shift in prostate cancer to more advanced stages in 2020, with an
increase in X observations in 2022, and a fall in the number of stage 1 and 2
cases of colorectal cancer after 2021. In 2022, when the lung cancer screening
programme was launched, there was a slight improvement in early detection
(Válek et al. 2024).
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In the US, a paper on changes in cancer stages during the first pandemic
year was published, describing findings of sociodemographic asymmetries (Han
et al. 2023). A significant relative decrease in stage 1 cancer and a relative
increase in stage 4 cancer were observed across all types of cancer and sociode-
mographic groups. Even so, more pronounced changes in both stages were
observed among Hispanic, Asian American and Pacific Islander individuals,
people under 65 years of age with disabilities, those living in poor economic
regions and people without insurance. Peacock et al. (2024a) did research
analysing differences between specific types of cancer using data from the Bel-
gian Cancer Registry. Cervical, prostate, colorectal, bladder and breast cancer
declined in both incidence and detection at an early stage, and ovarian and fal-
lopian tube cancer had a stage shift with unaffected incidence rates. No impact
on the stages and a decrease in new cases was in head and neck cancers, and
no significant changes were found in pancreatic, endometrial, lung and kidney
cancer. Although both articles worked with national cancer data and concen-
trated on the year 2020, comparing it to the previous year, the American paper
included only individuals over 18 years of age. In the American study, a binary
logistic regression was applied, whereas the Belgian paper decided on a Poisson
count model.

Peacock et al. (2024b) have also carried out an independent study that
specifically addressed the shift in breast cancer stages using the same method-
ology as the previously mentioned research. The new cases of stage 1 cancer
showed a relative decline throughout 2020, however, no shift was observed to
the more advanced stages. The same conclusions were drawn in Wales, where
the stage 1 breast declined by 42% relative to 2019. The drop in stages 2
and 3 was each around 21%, and there was an increase in the proportion of
unidentified stages (Greene et al. 2022). In contrast, at the Rochester Mayo
Clinic in the US, the proportional representation remained relatively stable in
2020 (Tonneson et al. 2022). However, the paper only worked with the pa-
tients of the clinic. Therefore, a rather smaller population sample was used
(573 patients: 376 in 2019, 197 in 2020).

The same study in Wales also ran an analysis on colorectal cancer where
the relative decline was similar for all stages (27-39% decline), although a surge
emerged in cases with an unidentified stage (804% increase) (Greene et al.
2022). In Japan, there was a proportional relative decline in the monthly
incidence of the first two stages (34% and 35% decline, respectively). The
greatest relative change was in stage 3 colorectal cancer (69% increase), whereas
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the monthly rate of stage 4 cancer has declined compared to pre-pandemic rates
(15% decline) (Kuzuu et al. 2021).

Two Italian studies of patients with colorectal cancer over the age of 18
detected an increase in stage 4 of the cancer and a decrease in the early stages.
One of the articles (Rottoli et al. 2022) focused only on individuals undergoing
colorectal cancer surgery. In that study, a relative decline of 11% was found for
stage 1 and a relative increase of 15% for stage 4. Moreover, advanced stages
diagnosed during the pandemic were more prevalent in those under the age of
60. The other paper (Mentrasti et al. 2022) included not only surgery patients
but all Italian patients who underwent any form of colorectal cancer treatment
(either surgery, systemic therapy or radiotherapy). There was a sharp rise in
stage 4 cases (68% increase) and a decline in stage 2 cases (56% decline) in
2020 compared to 2019.

The cited works mainly relied on descriptive statistics and hypothesis test-
ing (Student’s t-test, Fisher’s Exact Test or Chi-squared Test), except Men-
trasti et al. (2022), where a multivariate random-effects logistic regression was
applied. Rottoli et al. (2022) were the only ones that also included observations
from 2021. This work will attempt to construct an ordinal logistic model to
analyse the odds of being diagnosed at a later stage in the Czech Republic and
how the pandemic years affected these odds. Observations of the Czech cancer
incidence up to 2022 will be included.



Chapter 4

Methodology

This study employs two main methodological approaches for the following hy-
potheses:

• Hypothesis 1: The number of cancer diagnoses decreased during the
COVID-19 pandemic.

• Hypothesis 2: The cancer stages at diagnosis were higher in the years
following the onset of the COVID-19 pandemic.

Hypothesis 1 is evaluated through a simple descriptive analysis of incidence,
while Hypothesis 2, which is also the main focus of this thesis, is assessed
through an ordinal logistic regression (OLR) for estimating the effect of the
COVID-19 pandemic on cancer stages.

Since the OLR represents a more advanced type of logistic regression, a
thorough explanation of the regression framework is given (see Subsection 4.1.1)
along with its assumptions (Subsection 4.1.2) and the interpretation of model
estimates (Subsection 4.1.3). The methodology of Hypothesis 1 is skipped,
as descriptive statistics are relatively straightforward, and the results of the
analysis are shown in Chapter 5. The dataset used in the model is described,
and the model equation is introduced at the end of this chapter.

4.1 Ordinal Logistic Regression
The OLR is used in our analysis of possible changes in the odds of being di-
agnosed at a later stage during the pandemic. In medical research, the OLR

has lately been used more extensively than in the past (Altman 1991), espe-
cially given that ordered responses are common in clinical and epidemiological
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settings (health status, pain severity, disease progression, etc.) (Harrell et al.
2001). However, it is still common for researchers to reduce ordinal responses
to binary scales or disregard the ordered scale and work with standard multi-
nomial outcomes (Pocock et al. 2004; Senn & Julious 2009; Selman et al. 2024).
Although such simplifications allow for a more straightforward interpretation,
they could also lead to a loss of valuable information present in the ordinal
structure of the data (Selman et al. 2024).

4.1.1 OLR Framework

OLR is a regression with an ordered response, i.e., a type of multinomial re-
sponse for which the assigned outcomes have natural ordering, but unknown
distances between categories. A distinctive feature of such models is that
the cut points (thresholds) separating the outcome categories are unknown
(Wooldridge 2008). For example, in our study, we cannot assume that the pro-
gression from stage 1 cancer to stage 2 cancer is equivalent, in clinical severity
or meaning, to the progression from stage 3 cancer to stage 4 cancer. Therefore,
although the stages are ordered, the differences between them are not equal.

The functioning of the ordinal logistic regression model is illustrated follow-
ing the definition by Wooldridge (2008), complemented by insights from Zeileis
& Kleiber (2024) with minor alterations in the indices.

Let y be our ordinal outcome with values {1, 2, 3, ..., J} for some known
integer J , the OLR can then be defined from a latent variable model. Assume
that the latent variable y∗ is defined by:

y∗ = xβ + e, e|x ∼ N(0, 1) (4.1)

Let α1 < α2 < ... < αJ−1 be unknown cut points,
with α0 = −∞ and αJ = ∞, then:

y =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

1, if y∗ ≤ α1

2, if α1 < y∗ ≤ α2
...

J−1, if αJ−2 < y∗ ≤ αJ−1

J, if y∗ > αJ−1

(4.2)
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We can condense this into:

y = j, if αj−1 < y∗ ≤ αj, (4.3)

for j = {1, 2, 3, ..., J}.
Now we can define the response probabilities:

P (y = 1|x) = P (y∗ ≤ α1|x) = P (xβ + e ≤ α1|x) = P (e ≤ α1 − xβ|x) = Λ(α1 − xβ)
P (y = 2|x) = P (α1 < y∗ ≤ α2|x) = Λ(α2 − xβ) − Λ(α1 − xβ)
...
P (y = J − 1|x) = P (αJ−2 < y∗ ≤ αJ−1|x) = Λ(αJ−1 − xβ) − Λ(αJ−2 − xβ)
P (y = J |x) = P (y∗ > αJ−1|x) = 1 − Λ(αJ−1 − xβ)

(4.4)
And the cumulative probabilities:

P (y ≤ j|x) = P (y∗ ≤ αj|x) = P (xβ + e ≤ αj|x) = P (e ≤ αj − xβ|x) = Λ(αj − xβ), (4.5)

where Λ is the logistic distribution function.
The OLR is also known as the cumulative link model (Agresti 2002) in

our case with the logit link, or the proportional odds model (POM) named by
McCullagh (1980).

From this we can now get the form of the OLR:

P (y ≤ j|x) = Λ(αj − xβ) = exp(αj − xβ)
1 + exp(αj − xβ) (4.6)

Since OLR is a non-linear function, the α and β parameters can be estimated
using Maximum Likelihood Estimation (MLE). For each observation i, the log-
likelihood function is defined as:

ℓi(α, β) = 1[yi = 1] log[Λ(α1 − xiβ)] + 1[yi = 2] log[Λ(α2 − xiβ) − Λ(α1 − xiβ)]
+... + 1[yi = J ] log[1 − Λ(αJ−1 − xiβ)]

(4.7)

and the estimates are obtained by maximising ∑︁N
i ℓi(α, β).
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4.1.2 OLR Assumptions

Apart from some fundamental assumptions, such as the ordinality of the de-
pendent variable, the presence of at least one continuous or categorical ex-
planatory variable and no multicollinearity, the main assumption of OLR and
also the most restrictive assumption is the proportional odds (PO) assumption,
sometimes called the parallel lines assumption (Harrell et al. 2001; University
of St Andrews 2014). It indicates that the regression coefficients β are the
same across all categories j. In other words, the explanatory variables have a
consistent effect on the odds, independent of the cut points (ReStore 2011a;b;
UCLA 2022).

To check whether the assumption is satisfied, the test developed by Brant
(1990) is often used. The test uses a generalised proportional odds model
(GPOM) and compares it to the core model using the Wald test for model fit
comparisons, hence it is sometimes referred to as the Brant-Wald test (McNulty
2021).

A GPOM is a modified POM that relaxes the PO assumption for all indepen-
dent variables, regardless of whether the assumption holds for the particular
variable. Therefore, GPOM is more flexible, allowing the coefficients to differ
between the cut points (Williams 2006). If we had, for instance, four categories
of the outcome with three cut points, there would be three coefficients for each
explanatory variable.

4.1.3 Interpretation of Estimates

The results from an OLR are most commonly interpreted through the marginal
effect or the odds ratio (OR) as both measure the likelihood of an event oc-
curring. However, there is a crucial distinction between these two methods.
Marginal effects express the change in predicted probabilities, while ORs de-
scribe the multiplicative change in odds associated with a one-unit increase in
a predictor.

The marginal effect approach is usually preferred when it comes to analysing
magnitudes of the effects in logit and probit models by calculating either the
partial effect at average or the average partial effect. They offer a more intuitive
interpretation since we are working with the effects of explanatory variables on
the probability that the outcome occurs. However, many researchers (Zeileis
& Kleiber 2024; Boes & Winkelmann 2006; Di Francesco 2024) argue that
marginal effect is not an appropriate approach for standard ordered response
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models, as the model’s inflexible parametric framework considerably restricts
the outcome. Another issue lies in the direction of the effects being clear for only
the first and last categories, while the middle categories could have different
signs depending on the cut points (Di Francesco 2024; Boes & Winkelmann
2006).

Taking into account these implications, the OR interpretation is applied in
this paper. OR shows the effect on odds (the probability of the event occurring
over the probability of the event not occurring). The following formation of
the interpretation is taken from Zeileis & Kleiber (2024) and UCLA (2022).

The OLR presents its results in the form of log-odds, modelled based on the
cumulative probabilities rather than on the probabilities of individual outcome
categories:

log
(︄

P (yi ≤ j|xi)
1 − P (yi ≤ j|xi)

)︄
= αj − xiβ (4.8)

To get the OR we simply need to exponentiate the log-odds to get the odds:

exp
(︄

log

(︄
P (yi ≤ j|xi)

1 − P (yi ≤ j|xi)

)︄)︄
= exp(αj − xiβ)

odds(P (yi ≤ j|xi)) = exp(αj − xiβ), (4.9)

where P (yi≤j|xi)
1−P (yi≤j|xi) = odds(P (yi ≤ j|xi)) is called the odds.

Then the difference between two groups, taking into account that
log(a) − log(b) = log(a

b
), is the OR:

log

(︄
P (yi ≤ j|xi = 1)

1 − P (yi ≤ j|xi = 1)

)︄
− log

(︄
P (yi ≤ j|xi = 0)

1 − P (yi ≤ j|xi = 0)

)︄
= (αj − β) − αj

log

(︄
odds(P (yi ≤ j|xi = 1)
odds(P (yi ≤ j|xi = 0)

)︄
= −β

odds(P (yi ≤ j|xi = 1))
odds(P (yi ≤ j|xi = 0)) = exp(−β) (4.10)
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We can also look at the odds of being in higher outcome categories against
the lowest outcome category, taking into account that exp(−β) = 1

exp(β) and
1 − P (yi ≤ j|xi) = P (yi > j|xi):

P (yi ≤ j|xi = 1)
1 − P (yi ≤ j|xi = 1)/

P (yi ≤ j|xi = 0)
1 − P (yi ≤ j|xi = 0) = exp(−β)

(P (yi ≤ j|xi = 1)) · (1 − P (yi ≤ j|xi = 0))
(1 − P (yi ≤ j|xi = 1)) · (P (yi ≤ j|xi = 0)) = 1

exp(β)

(1 − P (yi ≤ j|xi = 1)) · (P (yi ≤ j|xi = 0))
(P (yi ≤ j|xi = 1)) · (1 − P (yi ≤ j|xi = 0)) = exp(β)

P (yi > j|xi = 1)
1 − P (yi > j|xi = 1)/

P (yi > j|xi = 0)
1 − P (yi > j|xi = 0) = exp(β)

odds(P (yi > j|xi = 1))
odds(P (yi > j|xi = 0)) = exp(β) (4.11)

4.2 Data
The data for this thesis was obtained from ÚZIS ČR, which made the dataset
publicly accessible on the National Health Information Portal. All observa-
tions come from the Czech National Cancer Registry and were compiled by
Mužík et al. (2023). The full set consists of individual anonymised data on the
incidence and prevalence by Czech regions, covering the years 1977-2022.

The reporting system went through reconstruction after 2018. Until then,
data were collected solely by the National Cancer Registry through a physical
paper form. Since 2019, to ensure a more comprehensive dataset, the National
Registry of Reimbursed Health Services has digitally provided the missing data,
along with the National Cancer Registry’s collection. The availability of the
records has a 2-year delay caused by the time needed for data collection and
validation, which is common in cancer registries (ÚZIS ČR 2023). Therefore,
publicly available datasets are published with a longer postponement, making
the data for 2022 the most recent open-access dataset as of April 2025.

Altogether, the dataset has over 3 million pooled cross-sectional observa-
tions, each representing a newly detected case of cancer. The dataset is strat-
ified into basic socio-demographic variables: gender, region of residence based
on CZ-NUTS 3, and age group; includes information regarding the individual’s
diagnosis: ICD code for cancer (C00-C97), aggregate type of cancer, order of
cancer (whether it was a first record of cancer for the individual or subsequent
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cancer), order of cancer within the specific type of cancer, order of cancer within
the specific ICD code for cancer, order of cancer excluding non-melanoma skin
cancer, cancer stage, year of diagnosis; as well as information about deceased
status, year of death, and age group at death.

Only incidence records from 2015 onward will be used in our research to
analyse the behaviour of the incidence and clinical stage of cancer at the time
of diagnosis before, during, and after the pandemic. The most critical types of
cancer (colorectal, lung, skin, breast, cervical, and prostate cancer) were chosen
for this research based on their proportion to the total incidence and relevance
in the national context (cervical screening) (see Appendix A), leaving us with
263,259 diagnoses.

4.3 Model
All of the explanatory variables are categorical, therefore, no outliers were
detected. Missing values in cancer stages were deleted, and the explanatory
variables were transformed into dummy variables. Thus, for the regression
analysis, there are altogether 236,122 observations, 118,585 for the 2015-2018
period, and 117,537 for the 2019-2022 period.

The model for Hypothesis 2 is expressed in the following regression:

stagei =αj − β1femalei − β22020i − β32021i − β42022i

− β5lungi − β6skini − β7breasti − β8cervixi − β9prostatei

− β10CZ020i − β11CZ031i − β12CZ032i − β13CZ041i

− β14CZ042i − β15CZ051i − β16CZ052i − β17CZ053i

− β18CZ063i − β19CZ064i − β20CZ071i − β21CZ072i

− β22CZ080i

− β23age 0 to 9i − β24age 10 to 19i − β25age 20 to 29i

− β26age 30 to 39i − β27age 40 to 49i − β28age 50 to 59i

− β29age 60 to 69i − β30age 80 to 99i

− β31additional cancer

(4.9)

The base group is formed by diagnoses of colorectal cancer from 2019, of
men residing in Prague aged 70-79, for whom the cancer was their first detected
case.



4. Methodology 25

Dependent Variable

Cancer stage (stage) plays the main role in this paper. It is an ordinal
variable with four possible values: 1, 2, 3 and 4, representing the clinical stages
of cancer based on the TNM classification. Values indicating missing values for
objective reasons, such as early death (X) and incomplete reporting (Y) were
removed from the analysis of Hypothesis 2 to be able to conduct an ordinal
logistic regression.

Independent Variables

Gender (female) is a binary variable with values 0 if the individual is a male
and 1 if they are a female. The direction of the effect of gender on the cancer
stage is difficult to predict. However, based on the incidence and mortality
rates by gender, a negative relationship between women and the odds of being
diagnosed at a later stage, compared to stage 1, could be expected. Men his-
torically exceed in both incidence and mortality rates (JRC 2023). The higher
mortality rate could indicate a trend of delaying proper diagnosis attendance,
resulting in the detection of the disease at a later stage compared to women
(ÚZIS ČR 2016; 2021; 2023).

Czech Regions are presented in Equation 4.9 as dummy variables based on
the NUTS 3 stratification. Each dummy variable has the value 1 if the region
corresponds to the individual’s place of residence at the time of diagnosis and 0
otherwise. The CZ-NUTS 3 codes for each region can be found in Appendix B.

The Czech Republic has 23 highly specialised oncology centres, two of which
also specialise in childhood cancer (in Prague and Brno). All regions, except
the Central Bohemian Region and the Karlovy Vary Region, have at least
one centre. Prague alone has eight (MZČR 2020a). Thus, some differences
in the number of new cases are presumed, especially considering the vastly
different incidence and mortality rates for lung, prostate, colorectal and breast
cancer across regions (OECD & EC 2025). More developed stages could be
prominent in regions with fewer centres. On the other hand, regions with
higher population density might register higher incidence rates in earlier stages
due to accessibility to health centres.

Year of Diagnosis was transformed into dummy variables with a possible
value of 1 if the diagnosis was made in that particular year and 0 otherwise.
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We have four years in total: 2019 is the pre-pandemic year, 2020 and 2021
are used to capture the potential differences in the effects on the odds during
the pandemic, and 2022 is included to observe how the odds changed after the
pandemic. The years 2015-2018 are used in an additional model constructed
to test pre-pandemic time trends and are described in greater detail in Subsec-
tion 5.2.5 of Chapter 5.

Cancer Type was split into dummy variables based on the type of cancer
diagnosed. The categorisation of cancer is usually done using the International
Classification of Diseases (ICD) (WHO 2024). This classification was also used
by the National Cancer Registry and aggregated on a broader level based on
anatomical location for easier statistical interpretation.

There are 29 categories of which only the 6 most important cancers are
included in the model. Those are: colorectal cancer, trachea, bronchus and lung
cancer represented by the variable lung, skin cancer excluding non-melanoma
skin cancer (skin), breast cancer (breast), cervical cancer (cervix) and prostate
(prostate) cancer. Based on the details in the national report mentioned in
Section 3.3, lung cancer may have a positive effect on the odds of being detected
in a more advanced stage compared to stage 1.

Age Category originally grouped in 5-year intervals, was collapsed into 9
broader groups to address the smaller case counts among younger individuals,
reflecting the lower number of incidences in these age groups. They were then
recoded into dummy variables. A higher impact on odds is expected in people
of a more advanced age, as diagnostic delay, particularly patient delay of mis-
taking the early symptoms of cancer for conditions generally associated with
older age, can lead patients to postpone diagnosis (UICC 2024).

Order of Cancer (additional cancer) is a binary variable that distinguishes
people who were diagnosed with cancer for the first time (value 0) from those
who have a history of previous cancer occurrence (value 1). People who were
previously diagnosed with cancer may have lower odds of being detected at a
later stage since they are more familiar with the signs and symptoms associated
with the chronic disease and are probably more likely to participate in follow-up
visits and screenings. They are also potentially already in close contact with a
specialist or their GP.



Chapter 5

Results

In this chapter, the results of the descriptive statistics and the OLR analysis are
reported, and based on these findings, the hypotheses outlined in Chapter 4 are
evaluated. Additionally, the OLR assumptions are assessed in Subsection 5.2.2,
and robustness checks are carried out in Subsection 5.2.3 to evaluate the fit of
the main model compared to alternative models. From these models, a model
with added interactions between years and age groups is interpreted to analyse
any potential differences in the impact of the pandemic period on different ages.
Lastly, a pre-pandemic model is constructed for the 2015-2018 observations to
compare the trends in stages of cancer between the two periods.

5.1 Changes in Cancer Incidence During the COVID-
19 Pandemic

5.1.1 Descriptive Statistics Results

Table 5.1 presents the descriptive statistics of the incidence of the specific
types of cancer in 2015-2022. Regarding cancer stages, more than 30% of the
observations were of stage 1 cancer. Stage 2 took up over 20% of the data, stage
3 15% and stage 4 20% of the six types of cancer in the eight years. There
was a relatively small percentage of unreported clinical stages. There were
20% more men in the dataset than women and the regional variation was quite
large. Most of the regions had around 13,000 incidences in the 8 years, while
Prague, the Central Bohemian Region, the Moravia-Silesia Region, and the
South Moravian Region had each accumulated over 10% of all incidences (more
than 28,000 incidences). The smallest number of reports was in the Karlovy
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Vary Region with less than 8,000 cases. In terms of the age distribution, the
largest proportion was of individuals between the ages of 60 and 79, and only a
small number of young individuals were in the dataset. Most of the cases were
the first occurrence of cancer in the individual.

Table 5.1: Summary Statistics

Variable N Percentage
Stage of Cancer 263259
... 1 87706 33%
... 2 56479 21%
... 3 39988 15%
... 4 51949 20%
... X 11579 4%
... Y 15558 6%
Gender 263259
... Male 143631 55%
... Female 119628 45%
Type of Cancer 263259
... Colorectal 59100 22%
... Lung 53269 20%
... Skin 20981 8%
... Breast 60175 23%
... Cervix 6294 2%
... Prostate 63440 24%
Year of Diagnosis 263259
... 2015 32504 12%
... 2016 32925 13%
... 2017 32845 12%
... 2018 32281 12%
... 2019 33962 13%
... 2020 31087 12%
... 2021 32449 12%
... 2022 35206 13%
Czech Regions 263259
... Region of the City of Prague 31206 12%
... Central Bohemian Region 31384 12%
... South Bohemia Region 15461 6%
... Plzeň Region 14863 6%
... Karlovy Vary Region 7961 3%
... Ústí Region 21282 8%
... Liberec Region 11452 4%
... Hradec Králové Region 15101 6%
... Pardubice Region 12819 5%
... Vysočina Region 12762 5%
... South Moravia Region 28895 11%
... Olomouc Region 15261 6%
... Zlín Region 14842 6%
... Moravia-Silesia Region 29970 11%
Age Category 263259
... 0 to 9 26 <1%
... 10 to 19 225 <1%
... 20 to 29 1197 <1%
... 30 to 39 5844 2%
... 40 to 49 17289 7%
... 50 to 59 33637 13%
... 60 to 69 82527 31%
... 70 to 79 88978 34%
... 80 to 99 33536 13%
Order of Cancer 263259
... First 208118 79%
... Additional 55141 21%

Source: Own creation based on data by Mužík et al. (2025).
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The specific incidence counts from which all of the following graphs are
created can be found in Appendix C. Looking at the absolute number of cancer
incidences over the years (Figure 5.1), we can see that the stable growth in cases
was interrupted in 2020 when a slight drop was detected. Although a small fall
in incidence was also detected in 2018 compared to 2017, the relative fall was
only 2%. The relative fall in 2020 compared to 2019 was greater, particularly,
the numbers decreased by 8%. The number of diagnoses began to recover in
2021, however, it remained 4% below pre-pandemic levels. Full recovery seems
to have occurred in 2022 when the number of new diagnoses rose 4% above the
2019 baseline.

Figure 5.1: Total Incidence of All Chosen Cancer Types (2015-2022)
Source: Own creation based on data by Mužík et al. (2025).

All types of cancer reported over 5% decrease in new diagnoses in 2020
compared to 2019. The most prominent fall was in prostate cancer, decreasing
by 12% and a surge was evident in 2022 compared to 2021 (25% increase).
Skin cancer recorded a 10% decrease and it took two years for it to return to
its initial level. On the other hand, cervical cancer continued to fall in the
following years, reaching a level in 2022 that was 14% lower than in 2019. The
incidence of breast cancer fell by 7% in 2020 but recovered the next year. The
smallest change was in colorectal cancer with a decrease of 5% compared to
the previous year (see Figure 5.2).
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Figure 5.2: Incidence of Each Chosen Cancer Type (2015-2022)
Source: Own creation based on data by Mužík et al. (2025).

We can also evaluate the changes in incidence between genders for these
types of cancer. From Figure 5.3, the numbers seem to be consistent throughout
the years with no substantial disparities between genders for the types of cancer
that affect both sexes. As already reported, gender-specific cancer types, i.e.,
cervical cancer and prostate cancer, showed the highest drop in incidence.

Figure 5.3: Incidence of the Chosen Cancer Types by Gender (2015-
2022)

Source: Own creation based on data by Mužík et al. (2025).
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Most regions had fluctuations in the incidence even before the pandemic,
but some notable drops were still detected. The greatest decline in the cases
was in Prague, reporting a relative 14% decrease. Other prominent falls were in
the Plzeň, Karlovy Vary, and Hradec Králové Regions, each with a relative 11%
fall in new cases. Other regions had a similar decrease in new cases, averaging a
7% decline compared to 2019, and most of them returned to their pre-pandemic
levels by 2022. Only the Hradec Králové and Pardubice Regions seem to have
not yet recovered even in 2022.

Table 5.2: Incidence of the Chosen Cancer Types by Czech Regions
(2015-2022)

2015 2016 2017 2018 2019 2020 2021 2022
Region of the City of Prague 3988 3895 3671 3763 4257 3662 3834 4136
Central Bohemian Region 3800 3705 3740 3598 4167 3974 4004 4396
South Bohemia Region 1868 1870 1879 1841 1991 1837 1997 2178
Plzeň Region 1953 1969 1978 1926 1843 1633 1718 1843
Karlovy Vary Region 1028 1046 1051 1036 1004 892 876 1028
Ústí Region 2749 2732 2772 2621 2675 2414 2548 2771
Liberec Region 1412 1367 1439 1472 1424 1308 1456 1574
Hradec Králové Region 1738 1864 1956 1789 2046 1823 1944 1941
Pardubice Region 1541 1665 1679 1596 1616 1543 1588 1591
Vysočina Region 1428 1543 1502 1608 1737 1567 1574 1803
South Moravia Region 3570 3692 3652 3540 3611 3378 3545 3907
Olomouc Region 1971 1964 1961 1894 1890 1803 1853 1925
Zlín Region 1731 1786 1839 1864 1894 1782 1905 2041
Moravia-Silesia Region 3727 3827 3726 3733 3807 3471 3607 4072

Source: Own creation based on data by Mužík et al. (2025).

5.2 Changes in Cancer Stages During the COVID-
19 Pandemic

5.2.1 Main Model Results

Our main model is interpreted in ORs and the results of the OLR are shown
in Table 5.3. We can see that for both pandemic years (2020 and 2021), the
coefficients are significant at all reasonable levels. Moreover, both show a pos-
itive effect on the odds of being diagnosed at a higher stage (i.e., stage 2 and
higher) than in stage 1, compared to 2019, when controlling for gender, type
of cancer, regions, age and order of cancer. Specifically, people diagnosed in
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2020 have 1.045 times (5%) higher odds of being diagnosed in a more advanced
stage than those diagnosed in 2019. For individuals diagnosed in 2021, the
odds were 1.048 times (5%) higher compared to 2019. In 2022, the effect re-
versed. Compared to 2019, individuals in 2022 had 0.990 (1%) lower odds of
being diagnosed at higher stages. Based on the model estimation, the year
2022 is not significantly different compared to 2019. Therefore, the effect was
impactful at the start and during the pandemic but diminished in 2022. From
these findings, we can conclude that the period of the COVID-19 pandemic
had, ceteris paribus, a considerable effect on the odds of being diagnosed at
more advanced stages of cancer compared to the pre-pandemic year, and the
effect disappeared after the pandemic ended.

The model reports a significant difference in gender as well. Women show
9% lower odds of being diagnosed with more advanced cancer than men, holding
all other factors constant. All of the chosen types of cancer are significantly
different from colorectal cancer, and only lung cancer is estimated to have
258% higher odds. The rest of the cancer types have lower odds, with the
difference ranging from 54% lower odds (cervical cancer) to 81% lower odds
(skin cancer). Most regions show lower odds of being diagnosed at a later
stage. The greatest difference is in the Karlovy Vary, Vysočina and Zlín Region
compared to Prague, all of them having more than 18% lower odds. On the
other hand, the Pardubice and Olomouc Regions have slightly higher odds,
however, the estimates are not significant.

There is a significantly different effect on odds in almost all age categories
compared to those aged 70-79. The effect on odds is negative for those under
30 compared to those between 70-79. The rest of the age categories have higher
odds, particularly those over the age of 80 have 41% higher odds of late-stage
diagnosis than people in the 70-79 age group. The highest negative effect on
odds is in the 0-9 and 10-19 age categories, each reporting over 70% lower
odds than the base category. Having said that, these results can be misleading,
considering the small representation of young individuals in the dataset, and
the difference is not significant for the 0-9 age group at any reasonable level.
Looking at the order of cancer, individuals for whom the detected cancer was
not their first case are associated with 14% lower odds of being diagnosed at a
later stage compared to those who were diagnosed with their first cancer.
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Table 5.3: Main Model Results

Dependent variable:

stage
Log-Odds Odds Ratio Percentage Change in Odds1

female −0.100∗∗∗ 0.905∗∗∗ −9.477∗∗∗

(0.016) (0.016) (0.016)

2020 0.044∗∗∗ 1.045∗∗∗ 4.493∗∗∗

(0.015) (0.015) (0.015)

2021 0.047∗∗∗ 1.048∗∗∗ 4.779∗∗∗

(0.015) (0.015) (0.015)

2022 −0.010 0.990 −0.983
(0.015) (0.015) (0.015)

lung 1.275∗∗∗ 3.578∗∗∗ 257.780∗∗∗

(0.018) (0.018) (0.018)

skin −1.641∗∗∗ 0.194∗∗∗ −80.615∗∗∗

(0.025) (0.025) (0.025)

breast −1.303∗∗∗ 0.272∗∗∗ −72.837∗∗∗

(0.019) (0.019) (0.019)

cervix −0.770∗∗∗ 0.463∗∗∗ −53.680∗∗∗

(0.040) (0.040) (0.040)

prostate −1.072∗∗∗ 0.342∗∗∗ −65.776∗∗∗

(0.017) (0.017) (0.017)

CZ020 −0.112∗∗∗ 0.894∗∗∗ −10.576∗∗∗

(0.023) (0.023) (0.023)

CZ031 −0.146∗∗∗ 0.865∗∗∗ −13.541∗∗∗

(0.027) (0.027) (0.027)

CZ032 −0.023 0.977 −2.306
(0.028) (0.028) (0.028)

CZ041 −0.215∗∗∗ 0.806∗∗∗ −19.373∗∗∗

(0.036) (0.036) (0.036)

CZ042 −0.017 0.983 −1.669
(0.025) (0.025) (0.025)

Observations 117,537 117,537 117,537

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
Continued on next page

Source: Own computations based on data by Mužík et al. (2025).

1Percentage change in odds represents the relative increase or decrease in the odds com-
pared to the base group, expressed in percentage terms. It is calculated as: (OR-1) x 100.
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Main Model Results - Continued

Dependent variable:

stage
Log-Odds Odds Ratio Percentage Change in Odds

(1) (2) (3)

CZ051 −0.068∗∗ 0.934∗∗ −6.559∗∗

(0.031) (0.031) (0.031)

CZ052 −0.127∗∗∗ 0.881∗∗∗ −11.944∗∗∗

(0.027) (0.027) (0.027)

CZ053 0.048 1.049 4.895
(0.030) (0.030) (0.030)

CZ063 −0.200∗∗∗ 0.819∗∗∗ −18.087∗∗∗

(0.030) (0.030) (0.030)

CZ064 −0.013 0.987 −1.327
(0.023) (0.023) (0.023)

CZ071 0.010 1.010 0.997
(0.028) (0.028) (0.028)

CZ072 −0.228∗∗∗ 0.796∗∗∗ −20.365∗∗∗

(0.027) (0.027) (0.027)

CZ080 −0.110∗∗∗ 0.896∗∗∗ −10.449∗∗∗

(0.023) (0.023) (0.023)

age 0 to 9 −1.349 0.260 −74.044
(0.833) (0.833) (0.833)

age 10 to 19 −1.339∗∗∗ 0.262∗∗∗ −73.777∗∗∗

(0.235) (0.235) (0.235)

age 20 to 29 −0.307∗∗∗ 0.735∗∗∗ −26.468∗∗∗

(0.093) (0.093) (0.093)

age 30 to 39 0.184∗∗∗ 1.202∗∗∗ 20.226∗∗∗

(0.038) (0.038) (0.038)

age 40 to 49 0.137∗∗∗ 1.147∗∗∗ 14.662∗∗∗

(0.023) (0.023) (0.023)

age 50 to 59 0.086∗∗∗ 1.090∗∗∗ 8.951∗∗∗

(0.018) (0.018) (0.018)

age 60 to 69 0.062∗∗∗ 1.064∗∗∗ 6.429∗∗∗

(0.014) (0.014) (0.014)

age 80 to 99 0.342∗∗∗ 1.408∗∗∗ 40.825∗∗∗

(0.019) (0.019) (0.019)

additional cancer −0.150∗∗∗ 0.860∗∗∗ −13.964∗∗∗

(0.014) (0.014) (0.014)

Observations 117,537 117,537 117,537

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Source: Own computations based on data by Mužík et al. (2025).
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5.2.2 Main Model Assumptions Assessment

The assumption of no multicollinearity was evaluated by calculating the Variance
Inflation Factor (VIF) of explanatory variables in the main model and deemed
to be satisfied. All of the variables have a VIF below 5, and the details can be
found in Appendix D, Table D.1. The Brant-Wald test mentioned in Subsec-
tion 4.1.2 for the PO assumption was also assessed. Using the function available
in R, the test is run for each explanatory variable separately. The null hypoth-
esis of the Brant-Wald test states that the PO assumption holds for the specific
explanatory variable, and the alternative hypothesis states that it does not.
The results are also shown in Appendix D, Table D.2.

The violation of PO is present in most explanatory variables, apart from
the year dummy variables and some age categories and regions at a stricter
significance level. However, such findings are not uncommon. Brant (1990)
himself disclosed the assumption to be overly restrictive, as the tests tend to
consistently reject the hypothesis that the PO assumption holds, especially
when there is a large number of predictors. Other researchers share the same
view on the issue (Williams 2006; Harrell et al. 2001) and some have drawn
attention to the tests concluding significant results even in a slight violation of
the assumption due to the large sample size (Clogg & Shihadeh 2014; Allison
2014; Liu et al. 2023).

Still, the standard OLR might not be appropriate for our specific data,
and other models that relax this particular assumption may offer better es-
timates. Such models are, for example, the GPOM, which was mentioned in
Subsection 4.1.2, and the partial proportional odds model (PPOM) (Peterson
& Harrell Jr 1990), which, on the other hand, relaxes the PO assumption only
for the variables that do not satisfy it. The PPOM works the same way as
the GPOM model, allowing these specific variables to have different coefficients
across the thresholds. However, both of these models are beyond the scope
of this bachelor’s thesis due to their complexity. Therefore, they will not be
constructed.

Another alternative could be the application of multinomial logistic regres-
sion. However, given the characteristics of the dependent variable, the under-
lying assumption of independence of irrelevant alternatives (IIA) is likely to be
violated, as the stages of cancer are not independent of each other. Removing
one of them will presumably influence the other outcomes, considering that
clinical stages are not choices one can select from. Furthermore, the ordinal
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information would be lost.
Since the PO assumption does not hold for most independent variables,

the interpretation of the coefficients might not represent the accurate effects
of the predictors on the predicted variable. If the PO assumption is assumed
upon variables for which the coefficients differ across the cut points, it could
lead to inaccurate magnitude and direction of the effects (Fullerton & Xu 2012).
Nevertheless, the year regressors satisfy the PO assumption at a 0.05 significance
level, thus, the model can still present some valuable insights and should be
sufficient to test Hypothesis 2, while acknowledging the limits in the correctness
of the estimated coefficients of the other predictors.

5.2.3 Robustness Checks

One way to determine whether the chosen model fits the data well is through
robustness checks. These checks are done by modifying the base model, typi-
cally by adding or removing predictors, and comparing the fits of the restricted
and unrestricted models. Table 5.4 depicts the models used in the robustness
checks, Model 3 being our base model.

To check the robustness the Likelihood Ratio (LR) test is used, which works
as a test of the joint significance of the independent variables. The null hy-
pothesis states that the variables are jointly insignificant, and the alternative
hypothesis states that they are jointly significant. The LR is depicted in Equa-
tion 5.1 and is calculated using the difference in log-likelihoods of the restricted
and unrestricted models. This difference is multiplied by two, which approxi-
mates the LR to have a χ2 distribution.

LR = 2(Lur − Lr) a∼ χ2
q, (5.1)

where ur is an unrestricted and r a restricted model, and we have q restrictions
(Wooldridge 2012).

The LR results are presented in Table E.1 in Appendix E. When comparing
Models 1 and 2 with our main model, the LR test resulted in the rejection of
the null hypothesis at all reasonable levels of significance. When comparing
our main model with Model 4, the null hypothesis could not be rejected even
at the 0.1 significance level. This indicates that the inclusion of additional
variables does not improve the estimation, and choosing Model 4 could result
in model overfitting. Therefore, Model 3, our main model, was concluded as
the best-fitting model.
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Table 5.4: Robustness Checks Models

Dependent variable:
stage

Model 1 Model 2 Model 3 Model 4
female −0.088∗∗∗ −0.090∗∗∗ −0.100∗∗∗ −0.100∗∗∗

(0.016) (0.016) (0.016) (0.016)

2020 0.045∗∗∗ 0.045∗∗∗ 0.044∗∗∗ 0.058∗∗

(0.015) (0.015) (0.015) (0.026)

2021 0.049∗∗∗ 0.049∗∗∗ 0.047∗∗∗ 0.052∗∗

(0.015) (0.015) (0.015) (0.026)

2022 −0.008 −0.007 −0.010 −0.039
(0.015) (0.015) (0.015) (0.025)

lung 1.255∗∗∗ 1.250∗∗∗ 1.275∗∗∗ 1.275∗∗∗

(0.017) (0.017) (0.018) (0.018)

skin −1.644∗∗∗ −1.649∗∗∗ −1.641∗∗∗ −1.641∗∗∗

(0.025) (0.025) (0.025) (0.025)

breast −1.290∗∗∗ −1.298∗∗∗ −1.303∗∗∗ −1.304∗∗∗

(0.018) (0.018) (0.019) (0.019)

cervix −0.740∗∗∗ −0.748∗∗∗ −0.770∗∗∗ −0.770∗∗∗

(0.040) (0.040) (0.040) (0.040)

prostate −1.085∗∗∗ −1.089∗∗∗ −1.072∗∗∗ −1.072∗∗∗

(0.017) (0.017) (0.017) (0.017)

CZ020 −0.115∗∗∗ −0.112∗∗∗ −0.111∗∗∗

(0.023) (0.023) (0.023)

CZ031 −0.149∗∗∗ −0.146∗∗∗ −0.146∗∗∗

(0.027) (0.027) (0.027)

CZ032 −0.026 −0.023 −0.024
(0.028) (0.028) (0.028)

CZ041 −0.219∗∗∗ −0.215∗∗∗ −0.215∗∗∗

(0.036) (0.036) (0.036)

CZ042 −0.019 −0.017 −0.016
(0.025) (0.025) (0.025)

CZ051 −0.075∗∗ −0.068∗∗ −0.067∗∗

(0.031) (0.031) (0.031)

CZ052 −0.133∗∗∗ −0.127∗∗∗ −0.127∗∗∗

(0.027) (0.027) (0.027)

CZ053 0.040 0.048 0.048
(0.030) (0.030) (0.030)

CZ063 −0.195∗∗∗ −0.200∗∗∗ −0.199∗∗∗

(0.030) (0.030) (0.030)

CZ064 −0.015 −0.013 −0.013
(0.023) (0.023) (0.023)

CZ071 0.012 0.010 0.011
(0.028) (0.028) (0.028)

CZ072 −0.224∗∗∗ −0.228∗∗∗ −0.228∗∗∗

(0.027) (0.027) (0.027)

CZ080 −0.113∗∗∗ −0.110∗∗∗ −0.110∗∗∗

(0.023) (0.023) (0.023)

age 0 to 9 −1.349 −8.213∗∗∗

(0.833) (0.734)

age 10 to 19 −1.339∗∗∗ −0.891∗

(0.235) (0.515)

age 20 to 29 −0.307∗∗∗ −0.635∗∗∗

(0.093) (0.182)

age 30 to 39 0.184∗∗∗ 0.064
(0.038) (0.075)

age 40 to 49 0.137∗∗∗ 0.085∗

(0.023) (0.044)

Observations 117,537 117,537 117,537 117,537

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
Continued on next page

Source: Own computations based on data by Mužík et al. (2025).
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Robustness Checks Models - Continued

Dependent variable:
stage

Model 1 Model 2 Model 3 Model 4
age 50 to 59 0.086∗∗∗ 0.116∗∗∗

(0.018) (0.035)

age 60 to 69 0.062∗∗∗ 0.051∗

(0.014) (0.026)

age 80 to 99 0.342∗∗∗ 0.377∗∗∗

(0.019) (0.036)

additional cancer −0.150∗∗∗ −0.150∗∗∗

(0.014) (0.014)

2020*age 0 to 9 6.884∗∗∗

(1.011)

2020*age 10 to 19 −0.919
(0.785)

2020*age 20 to 29 0.383
(0.263)

2020*age 30 to 39 0.133
(0.107)

2020*age 40 to 49 0.039
(0.062)

2020*age 50 to 59 −0.043
(0.050)

2020*age 60 to 69 −0.022
(0.038)

2020*age 80 to 99 −0.077
(0.052)

2021*age 0 to 9 −0.003∗∗∗

(0.0002)

2021*age 10 to 19 −0.600
(0.725)

2021*age 20 to 29 0.370
(0.255)

2021*age 30 to 39 0.200∗

(0.105)

2021*age 40 to 49 0.018
(0.062)

2021*age 50 to 59 −0.071
(0.050)

2021*age 60 to 69 0.006
(0.038)

2021*age 80 to 99 −0.037
(0.052)

2022*age 0 to 9 8.778∗∗∗

(1.293)

2022*age 10 to 19 −0.373
(0.629)

2022*age 20 to 29 0.609∗∗

(0.265)

2022*age 30 to 39 0.141
(0.105)

2022*age 40 to 49 0.147∗∗

(0.061)

2022*age 50 to 59 −0.007
(0.049)

2022*age 60 to 69 0.059
(0.038)

2022*age 80 to 99 −0.030
(0.051)

Observations 117,537 117,537 117,537 117,537

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Source: Own computations based on data by Mužík et al. (2025).
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Moreover, the respective pseudo-R2 values were compared to further sup-
port the preference for the final model. From the various types of pseudo-R2,
McFadden’s pseudo-R2 was chosen, as it is the most frequently used measure,
and it is calculated as follows:

R2
McF adden = 1 − Lur

Lo

, (5.2)

where ur is an unrestricted model and o a restricted model containing only an
intercept (Wooldridge 2012).

The pseudo-R2 values of each model can be found in Appendix E, Table E.2.
The respective pseudo-R2 values were not high and did not greatly differ be-
tween the models. The main model had a slightly higher value compared to
Models 1 and 2, but a lower value compared to Model 4. All things considered,
we can still conclude that the main model is the best-fitting model out of these
four options, especially when looking at the LR test results.

5.2.4 Model with Interaction Terms

Even though Model 4 was not deemed the best-fitting model, it can still provide
compelling information on the effect of the pandemic on different age groups
through the interaction terms. The results from the regression are shown in
Table 5.5. We can see that the effects on odds in most age groups were not
significantly different throughout the years of the pandemic, compared to 2019
and the 70-79 age group. Therefore, the age categories were impacted similarly
in regards to the effect on odds of late-stage diagnosis.

A statistically significant effect is evident only in those aged 0-9 compared
to those aged 70-79 at all reasonable levels. But, as has been mentioned before,
this particular age category contains a small number of individuals and, for this
reason, the result might not reflect the true significance. At a 0.05 significance
level, those between the ages of 30-39 in 2021 showed higher odds compared to
those aged 70-79 diagnosed in 2021. Furthermore, in 2022, those aged 20-29
reported slightly lower odds of being diagnosed at a later stage compared to
those aged 70-79 years diagnosed in 2022, while those aged 40-49 had higher
odds compared to the base group. The PO assumption was tested, and the
results can be found in Table D.3 in Appendix C. The interaction terms satisfy
the assumption by failing to reject the null hypothesis at a 0.01 significance
level.
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Table 5.5: Model with Interactions between Years and Age Groups

Dependent variable:
stage

female −0.100∗∗∗

(0.016)

2020 0.058∗∗

(0.026)

2021 0.052∗∗

(0.026)

2022 −0.039
(0.025)

lung 1.275∗∗∗

(0.018)

skin −1.641∗∗∗

(0.025)

breast −1.304∗∗∗

(0.019)

cervix −0.770∗∗∗

(0.040)

prostate −1.072∗∗∗

(0.017)

CZ020 −0.111∗∗∗

(0.023)

CZ031 −0.146∗∗∗

(0.027)

CZ032 −0.024
(0.028)

CZ041 −0.215∗∗∗

(0.036)

CZ042 −0.016
(0.025)

CZ051 −0.067∗∗

(0.031)

CZ052 −0.127∗∗∗

(0.027)

CZ053 0.048
(0.030)

CZ063 −0.199∗∗∗

(0.030)

CZ064 −0.013
(0.023)

CZ071 0.011
(0.028)

CZ072 −0.228∗∗∗

(0.027)

CZ080 −0.110∗∗∗

(0.023)

age 0 to 9 −8.213∗∗∗

(0.734)

age 10 to 19 −0.891∗

(0.515)

age 20 to 29 −0.635∗∗∗

(0.182)

age 30 to 39 0.064
(0.075)

age 40 to 49 0.085∗

(0.044)
Observations 117,537

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
Continued on next page

Source: Own computations based on data by Mužík et al. (2025).
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Model with Interactions between Years and Age Groups - Continued

Dependent variable:
stage

age 50 to 59 0.116∗∗∗

(0.035)

age 60 to 69 0.051∗

(0.026)

age 80 to 99 0.377∗∗∗

(0.036)

additional cancer −0.150∗∗∗

(0.014)

2020*age 0 to 9 6.884∗∗∗

(1.011)

2020*age 10 to 19 −0.919
(0.785)

2020*age 20 to 29 0.383
(0.263)

2020*age 30 to 39 0.133
(0.107)

2020*age 40 to 49 0.039
(0.062)

2020*age 50 to 59 −0.043
(0.050)

2020*age 60 to 69 −0.022
(0.038)

2020*age 80 to 99 −0.077
(0.052)

2021*age 0 to 9 −0.003∗∗∗

(0.0002)

2021*age 10 to 19 −0.600
(0.725)

2021*age 20 to 29 0.370
(0.255)

2021*age 30 to 39 0.200∗

(0.105)

2021*age 40 to 49 0.018
(0.062)

2021*age 50 to 59 −0.071
(0.050)

2021*age 60 to 69 0.006
(0.038)

2021*age 80 to 99 −0.037
(0.052)

2022*age 0 to 9 8.778∗∗∗

(1.293)

2022*age 10 to 19 −0.373
(0.629)

2022*age 20 to 29 0.609∗∗

(0.265)

2022*age 30 to 39 0.141
(0.105)

2022*age 40 to 49 0.147∗∗

(0.061)

2022*age 50 to 59 −0.007
(0.049)

2022*age 60 to 69 0.059
(0.038)

2022*age 80 to 99 −0.030
(0.051)

Observations 117,537

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Source: Own computations based on data by Mužík et al. (2025).
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5.2.5 Pre-COVID-19 Model

To investigate the existence of a time trend before the COVID-19 pandemic,
an OLR was constructed using data from the 2015-2018 period, with 2015 as
the reference category. The model employs the same set of control variables as
those used in our main model to ensure comparability and consistency, and the
corresponding results are shown in Table 5.6. The year dummy variables were
statistically significantly different compared to 2015, with all three years having
a negative effect on the odds of being diagnosed at a later stage compared
to stage 1. The results indicate a decreasing trend in the odds, suggesting
improvements in early detection during this period.

Moreover, comparing the pre-pandemic model with the main model, we
can see that the pandemic period had a prominent effect on cancer stages.
Not only have the odds of being diagnosed at later stages increased during the
pandemic compared to the pre-pandemic period, but also the sign of the effect
was affected, shifting from a negative effect on the odds of being diagnosed
at a later stage of cancer in 2016-2018 compared to 2015, to a positive effect
in 2020-2021 compared to 2019. Again, a Brant-Wald test was run to assess
the PO assumption (see Appendix D, Table D.4). The year dummy variables
passed the test at a 0.01 significance level, whereas most of the other variables
violated the assumption. The same reasoning for this violation as in our main
model can be applied here.
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Table 5.6: Pre-COVID-19 Model Results

Dependent variable:
stage

Log-Odds
female −0.087∗∗∗

(0.016)

2016 −0.037∗∗

(0.015)

2017 −0.031∗∗

(0.015)

2018 −0.068∗∗∗

(0.016)

lung 1.412∗∗∗

(0.017)

skin −1.938∗∗∗

(0.025)

breast −1.122∗∗∗

(0.019)

cervix −0.489∗∗∗

(0.039)

prostate −1.001∗∗∗

(0.017)

CZ020 −0.025
(0.023)

CZ031 0.071∗∗

(0.028)

CZ032 0.033
(0.027)

CZ041 0.029
(0.033)

CZ042 0.140∗∗∗

(0.024)

Observations 117,537
117,537 117,537

Note:
∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Continued on next page
Source: Own computations based on data by Mužík et al. (2025).
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Pre-COVID-19 Model Results - Continued

Dependent variable:
stage

Log-Odds
CZ051 −0.001

(0.030)

CZ052 0.047∗

(0.028)

CZ053 0.136∗∗∗

(0.034)

CZ063 0.012
(0.030)

CZ064 0.121∗∗∗

(0.023)

CZ071 0.083∗∗∗

(0.027)

CZ072 −0.181∗∗∗

(0.029)

CZ080 0.008
(0.022)

age 0 to 9 −0.238
(0.730)

age 10 to 19 −2.204∗∗∗

(0.274)

age 20 to 29 −0.528∗∗∗

(0.086)

age 30 to 39 −0.089∗∗

(0.038)

age 40 to 49 −0.005
(0.025)

age 50 to 59 0.014
(0.018)

age 60 to 69 0.033∗∗

(0.014)

age 80 to 99 0.411∗∗∗

(0.019)

additional cancer −0.278∗∗∗

(0.014)

Observations 118,585

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
Source: Own computations based on data by Mužík et al. (2025).
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Conclusion and Discussion

Cancer remains one of the most serious chronic diseases both globally and in the
Czech Republic, ranking only second to cardiovascular diseases in terms of mor-
tality. With the annual increase in incidence rates, it is important to prioritise
both primary and secondary preventive strategies. These range from maintain-
ing a healthy lifestyle and attending regular medical check-ups to participating
in national screening programmes. However, during global health crises, such
as the COVID-19 pandemic, lockdown measures can significantly affect these
preventive efforts. Changes in public behaviour and reduced attention to subtle
or non-visible symptoms may result in delayed medical consultations. Conse-
quently, cancers that might have been detected early are instead diagnosed
in more advanced stages, which are typically more severe, less responsive to
treatment, and associated with a poorer chance of survival.

Since our analysis was not restricted to only the first half of 2020 and worked
with yearly data, contrasting other works (Dinmohamed et al. 2020; Zadnik
et al. 2020; Skovlund et al. 2021), the effect of the pandemic period could also
be observed in later years. A slight fall of 8% in newly diagnosed cases was
observed in 2020 in the Czech Republic, which could reflect the immediate
impact of the pandemic on diagnostic activity. The incidence was slowly recov-
ering in 2021, and undiagnosed individuals from previous years were possibly
later reflected in 2022 when the incidence surpassed the 2019 baseline. This
pattern could be the result of screening postponement during the lockdown to
avoid potential exposure to respiratory infections (Neamţiu et al. 2022; ÚZIS
ČR 2023; OECD & EC 2023; 2025). All 6 types of cancer analysed (colorectal,
lung, skin, breast, cervical, and prostate cancer) reported lower drops in new
diagnoses in 2020 in the Czech Republic compared to other countries (De Vin-
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centiis et al. 2021; Rutter et al. 2021; Dinmohamed et al. 2020). However, their
results were based on the first half of 2020, when screenings were disrupted the
most. Thus, although the drops were not as pronounced based on annual data,
the effect was still evident for the two pandemic years. We could conclude that
the incidence showed a more immediate reaction, and some shift to detection
in later years was reflected in 2022. In addition, no substantial variation in
response to the pandemic was observed between genders or regions.

More importantly, in the Czech Republic, the odds of being diagnosed in
more advanced stages (stage 2, 3 or 4) of cancer compared to stage 1 were
moderately higher in both 2020 and 2021 compared to 2019, and all age groups
were similarly affected during this period. These results align with (Han et al.
2023; Kuzuu et al. 2021; Rottoli et al. 2022; Mentrasti et al. 2022). Moreover,
the detected 5% higher odds mirror the conclusion made by Ricciardiello et al.
(2021) of an expected 3-7% increase in late-stage incidence rates after a pro-
longed diagnostic delay. However, apart from the US study, most of the papers
focused on changes in stages of a specific type of cancer, which was not done
in this research. This paper also differs in the analysis of the effect after the
pandemic, specifically for 2022. In 2022, the effect on the odds of being diag-
nosed in an advanced stage was not significant. Hence, we can conclude that
the effect was temporary, but still prominent in the cancer stages. Moreover,
when the analysis was compared to the 2015-2018 period, the effect of each
year before the pandemic was negative on the odds compared to 2015. Further
supporting that the period of the COVID-19 pandemic had a significant effect
on the odds of being diagnosed at an advanced stage.

One of the drawbacks of this research lies in the violation of the underlying
assumption of PO. Using the Brant-Wald test, the assumption holds only for
the year dummy variables at a 0.05 significance level. Thus, the rest of the
predictors must be interpreted carefully as the estimates might be misleading,
and the results of the model should not be regarded as conclusive findings.
To address this issue, the GPOM or the PPOM models can be used, which
relax the assumption. However, these models are beyond the scope of this
bachelor’s thesis and can instead serve as a good alternative for future research.
Another drawback is that the available data is of annual incidence. Based on
the previous works, the most prominent changes in cancer diagnosis were in the
first half of 2020. Using monthly observations could provide a better analysis
of the effect of the pandemic and detect which months were the most critical.
Therefore, such suggestions can be implemented by future researchers.
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Figure A.1: Share of Cancer Types (2015-2022)
Source: Own creation based on data by Mužík et al. (2025).



Appendix B

CZ-NUTS 3 Codes

Table B.1: CZ-NUTS 3

NUTS 3 Code Region
CZ010 Region of the City of Prague
CZ020 Central Bohemian Region
CZ031 South Bohemia Region
CZ032 Plzeň Region
CZ041 Karlovy Vary Region
CZ042 Ústí Region
CZ051 Liberec Region
CZ052 Hradec Králové Region
CZ053 Pardubice Region
CZ063 Vysočina Region
CZ064 South Moravia Region
CZ071 Olomouc Region
CZ072 Zlín Region
CZ080 Moravia-Silesia Region

Source: Own creation based on ČSÚ definition.



Appendix C

Incidence Tables

Table C.1: Table of Total Incidence of All Chosen Cancer Types
(2015-2022)

N
2015 32504
2016 32925
2017 32845
2018 32281
2019 33962
2020 31087
2021 32449
2022 35206

Source: Own creation based on data by Mužík et al. (2025).

Table C.2: Table of Incidence of Each Chosen Cancer Type (2015-
2022)

2015 2016 2017 2018 2019 2020 2021 2022
Colorectal Cancer 7999 7724 7416 7308 7382 6998 7166 7107
Lung Cancer 6619 6909 6733 6504 6981 6393 6322 6808
Skin Cancer 2612 2646 2637 2643 2711 2438 2476 2818
Breast Cancer 7238 7360 7308 7232 7903 7338 7878 7918
Cervical Cancer 875 830 789 738 832 764 750 716
Prostate Cancer 7161 7456 7962 7856 8153 7156 7857 9839

Source: Own creation based on data by Mužík et al. (2025).



C. Incidence Tables V

Table C.3: Colorectal Cancer Incidence by Gender (2015-2022)

2015 2016 2017 2018 2019 2020 2021 2022
Men 4797 4645 4452 4364 4356 4164 4289 4151

Women 3202 3079 2964 2944 3026 2834 2877 2956
Source: Own creation based on data by Mužík et al. (2025).

Table C.4: Lung Cancer Incidence by Gender (2015-2022)

2015 2016 2017 2018 2019 2020 2021 2022
Men 4360 4562 4320 4176 4444 4008 3821 4117

Women 2259 2347 2413 2328 2537 2385 2501 2691
Source: Own creation based on data by Mužík et al. (2025).

Table C.5: Skin Cancer Incidence by Gender (2015-2022)

2015 2016 2017 2018 2019 2020 2021 2022
Men 1401 1426 1394 1426 1452 1272 1266 1528

Women 1211 1220 1243 1217 1259 1166 1210 1290
Source: Own creation based on data by Mužík et al. (2025).

Table C.6: Breast Cancer Incidence by Gender (2015-2022)

2015 2016 2017 2018 2019 2020 2021 2022
Women 7238 7360 7308 7232 7903 7338 7878 7918

Source: Own creation based on data by Mužík et al. (2025).

Table C.7: Cervical Cancer Incidence by Gender (2015-2022)

2015 2016 2017 2018 2019 2020 2021 2022
Women 875 830 789 738 832 764 750 716

Source: Own creation based on data by Mužík et al. (2025).

Table C.8: Prostate Cancer Incidence by Gender (2015-2022)

2015 2016 2017 2018 2019 2020 2021 2022
Men 7161 7456 7962 7856 8153 7156 7857 9839

Source: Own creation based on data by Mužík et al. (2025).



Appendix D

Assumption Assessment Tables

Table D.1: Variance Inflation Factor

female 2020 2021 2022 lung skin breast cervix prostate
2.190 1.460 1.467 1.482 1.319 1.206 2.170 1.178 1.842
CZ020 CZ031 CZ032 CZ041 CZ042 CZ051 CZ052 CZ053 CZ063
1.775 1.439 1.406 1.211 1.576 1.309 1.431 1.334 1.344
CZ064 CZ071 CZ072 CZ080 age 0 to 9 age 10 to 19 age 20 to 29 age 30 to 39
1.744 1.416 1.430 1.745 1.000 1.003 1.019 1.102

age 40 to 49 age 50 to 59 age 60 to 69 age 80 to 99 additional cancer
1.234 1.228 1.307 1.193 1.044

Source: Own computations based on data by Mužík et al. (2025).



D. Assumption Assessment Tables VII

Table D.2: Brant-Wald Test for the Main Model

X2 df probability
Omnibus 4, 175.906 62 0
female 12.598 2 0.002
2020 0.610 2 0.737
2021 5.365 2 0.068
2022 0.286 2 0.867
lung 944.337 2 0
skin 58.716 2 0
breast 553.872 2 0
cervix 356.928 2 0
prostate 935.253 2 0
CZ020 18.152 2 0.0001
CZ031 25.034 2 0.00000
CZ032 7.693 2 0.021
CZ041 22.469 2 0.00001
CZ042 17.257 2 0.0002
CZ051 7.299 2 0.026
CZ052 59.139 2 0
CZ053 9.107 2 0.011
CZ063 26.147 2 0.00000
CZ064 37.755 2 0
CZ071 15.069 2 0.001
CZ072 39.381 2 0
CZ080 22.446 2 0.00001
age 0 to 9 -541.406 2 1
age 10 to 19 6.804 2 0.033
age 20 to 29 11.741 2 0.003
age 30 to 39 70.827 2 0
age 40 to 49 106.979 2 0
age 50 to 59 27.220 2 0.00000
age 60 to 69 34.742 2 0.00000
age 80 to 99 26.358 2 0.00000
additional cancer 31.147 2 0.00000

Source: Own computations based on data by Mužík et al. (2025).
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Table D.3: Brand-Wald Test for the Model with Interaction Terms

X2 df probability
Omnibus 342, 560.400 110 0
female 12.397 2 0.002
2020 2.323 2 0.313
2021 12.709 2 0.002
2022 5.234 2 0.073
lung 943.010 2 0
skin 58.345 2 0
breast 552.510 2 0
cervix 357.014 2 0
prostate 933.239 2 0
CZ020 18.345 2 0.0001
CZ031 24.896 2 0.00000
CZ032 7.836 2 0.020
CZ041 22.521 2 0.00001
CZ042 17.508 2 0.0002
CZ051 7.327 2 0.026
CZ052 58.855 2 0
CZ053 9.126 2 0.010
CZ063 26.233 2 0.00000
CZ064 37.961 2 0
CZ071 15.162 2 0.001
CZ072 39.513 2 0
CZ080 22.814 2 0.00001
age 0 to 9 -0.0001 2 1
age 10 to 19 0.118 2 0.943
age 20 to 29 4.148 2 0.126
age 30 to 39 12.605 2 0.002
age 40 to 49 14.167 2 0.001
Observations 117,537

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
Continued on next page

Source: Own creation based on data by Mužík et al. (2025).
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Brand-Wald Test for Model 4 - Continued

X2 df probability
age 50 to 59 3.096 2 0.213
age 60 to 69 4.127 2 0.127
age 80 to 99 21.054 2 0.00003
additional cancer 31.378 2 0.00000
2020*age 0 to 9 0.0003 2 1.000
2020*age 10 to 19 0.246 2 0.884
2020*age 20 to 29 1.753 2 0.416
2020*age 30 to 39 4.075 2 0.130
2020*age 40 to 49 3.786 2 0.151
2020*age 50 to 59 2.278 2 0.320
2020*age 60 to 69 1.058 2 0.589
2020*age 80 to 99 4.981 2 0.083
2021*age 0 to 9 -0.00000 2 1
2021*age 10 to 19 1.102 2 0.576
2021*age 20 to 29 1.793 2 0.408
2021*age 30 to 39 2.054 2 0.358
2021*age 40 to 49 6.744 2 0.034
2021*age 50 to 59 4.991 2 0.082
2021*age 60 to 69 7.853 2 0.020
2021*age 80 to 99 9.133 2 0.010
2022*age 0 to 9 0.0003 2 1.000
2022*age 10 to 19 2.926 2 0.232
2022*age 20 to 29 0.537 2 0.765
2022*age 30 to 39 3.866 2 0.145
2022*age 40 to 49 1.009 2 0.604
2022*age 50 to 59 7.583 2 0.023
2022*age 60 to 69 3.275 2 0.194
2022*age 80 to 99 1.383 2 0.501
Observations 117,537

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
Source: Own creation based on data by Mužík et al. (2025).
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Table D.4: Brant-Wald Test for the Pre-COVID-19 Model

X2 df probability
Omnibus 3, 943.989 62 0
female 25.791 2 0.00000
2016 9.210 2 0.010
2017 8.568 2 0.014
2018 7.014 2 0.030
lung 812.349 2 0
skin 39.325 2 0
breast 431.498 2 0
cervix 365.122 2 0
prostate 747.922 2 0
CZ020 16.516 2 0.0003
CZ031 62.459 2 0
CZ032 0.065 2 0.968
CZ041 22.854 2 0.00001
CZ042 8.662 2 0.013
CZ051 19.633 2 0.0001
CZ052 56.873 2 0
CZ053 22.346 2 0.00001
CZ063 52.593 2 0
CZ064 45.574 2 0
CZ071 7.317 2 0.026
CZ072 46.445 2 0
CZ080 9.085 2 0.011
age 0 to 9 0.282 2 0.868
age 10 to 19 0.279 2 0.870
age 20 to 29 8.939 2 0.011
age 30 to 39 53.881 2 0
age 40 to 49 38.926 2 0
age 50 to 59 36.644 2 0
age 60 to 69 27.228 2 0.00000
age 80 to 99 32.112 2 0.00000
additional cancer 11.440 2 0.003

Source: Own computations based on data by Mužík et al. (2025).



Appendix E

LR Tests and Pseudo R2s

Table E.1: LR Tests

#Df LogLik Df Chisq Pr(>Chisq)
Model 1 12 -143619.65
Model 3 34 -143256.09 22 727.14 0.0000
Model 2 25 -143518.33
Model 3 34 -143256.09 9 524.48 0.0000
Model 3 34 -143256.09
Model 4 58 -143241.74 24 28.69 0.2320
Source: Own computations based on data by Mužík et al. (2025).

Table E.2: Pseudo R2s

McFadden’s pseudo R2

Model 1 0.0932
Model 2 0.0939
Model 3 0.0955
Model 4 0.0956

Source: Own computations based on data by Mužík et al. (2025).
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