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Abstract 
 
 This paper assesses the cost-effectiveness of HPV vaccination in the Czech Re-
public, focusing on cervical cancer prevention. It compares the cost-effectiveness 
of existing reimbursement policies with proposed changes. A homogeneous multi-
state Markov model, based on public health insurance data, simulates disease 
progression. Our findings show that increasing immunization coverage from 
65.8% to 80% is cost-effective, meeting the 1.2 million CZK per quality-adjusted 
life year threshold. Extending vaccination eligibility from age 13 only to 13 – 15 
years old, while boosting coverage, also proves cost-effective. These results sup-
port the economic viability of the proposed policy enhancements for increasing 
HPV vaccination among women. 
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Introduction 
 
 Cervical carcinoma is among the most diagnosed cancer diseases in women 
worldwide (Ferlay et al., 2021). In the Czech Republic, approximately 800 women 
are diagnosed, and about 300 die from it annually (Hejduk et al., 2018). Most 
cervical cancers are attributed to Human Papillomavirus (HPV) (Mohan, 2018; 
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Serrano et al., 2015). Epidemiological data from the Global Cancer Observatory 
show that vaccination against HPV types linked to cervical cancer reduces its 
incidence and mortality (Ferlay et al., 2021; Majek et al., 2021b). According to 
Act No. 48/1997 Coll., on Public Health Insurance, the costs of voluntary HPV 
vaccination for 13-year-olds are fully reimbursed for both girls and boys. How-
ever, immunization coverage in the Czech Republic is only 65.8%, indicating 
many eligible individuals remain unvaccinated despite reimbursement (Hejduk 
et al., 2018). The average cost of treating female genital cancer is approximately 
30,000 CZK per patient per year (VZP, 2020). 
 This study evaluates the cost-effectiveness of vaccinating women against HPV 
in the Czech Republic. It compares the cost-effectiveness of the current reimburse-
ment policy for HPV vaccination to a proposed policy change. Two strategies are 
suggested to enhance vaccination coverage: the first involves increasing vaccina-
tion coverage through a promotional campaign under the 2021 reimbursement 
conditions, and the second extends reimbursement for vaccination to the age group 
of 13 to 15-year-old females, aiming to boost vaccination coverage. To analyze 
these strategies, we developed a multi-state Markov model that simulates transi-
tions over time among states that represent the progression of the disease. The 
outcomes from this model are used to calculate the incremental cost-effectiveness 
ratio (ICER), evaluating the cost-effectiveness of each intervention relative to the 
existing policy. Given that both assessed strategies demonstrate cost-effectiveness 
within the established threshold of 1.2 million CZK per quality-adjusted life year 
(QALY), this study contributes valuable insights to the body of literature on HPV 
vaccination programs, with a specific focus on the Czech Republic.  
 Our analysis utilizes data collected before the most recent policy amendments. 
As such, it offers insights into the cost-effectiveness landscape under the previous 
vaccination reimbursement scheme. Until January 1, 2024, HPV vaccination 
coverage in the Czech Republic was restricted to individuals aged 13; however, 
a notable policy adjustment has since expanded this coverage to include those 
aged 11 to 15. This significant change in vaccination policy is indicative of evolv-
ing strategies designed to improve public health outcomes. Crucially, the extended 
age range for vaccination is consistent with the policy modifications suggested by 
our findings, demonstrating the strategic alignment of our analysis with public 
health objectives. These insights are vital for comprehending the effectiveness of 
vaccination strategies and could be invaluable for countries with similar vaccina-
tion frameworks and disease profiles. 
 This paper contributes to the literature in three main respects. First, it provides 
a cost-effectiveness analysis of HPV vaccination strategies in the Czech Republic, 
where evidence on the economic evaluation of vaccination policies remains limited, 
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and relies on Czech-grounded transition data to calibrate transition probabilities. 
Second, our analysis uses empirical evidence on HPV vaccination interventions to 
relate changes in coverage to campaign costs and to derive realistic cost scenarios. 
Third, it evaluates these strategies under a range of assumptions and provides 
evidence relevant for policy discussions on vaccination coverage and reimburse-
ment design. 
 The paper is structured as follows. Section 1 covers HPV vaccination, includ-
ing the current state of vaccination in the Czech Republic, the vaccination status 
in other countries, and a literature review of conducted cost-effectiveness analyses 
of HPV. Section 2 outlines the methodology of Markov chains used in the survival 
analysis and introduces the approach for assessing cost-effectiveness. In Section 3, 
we present the input data. Section 4 presents the modelling process, proposed strat-
egies, and results. Finally, Last section summarizes the study. 
 
 
1.  Literature Review 
 
 Vaccination against human papillomavirus has been a pivotal prevention pro-
gram over the past decade (Albright and Ondrus, 2021a). Complete vaccination 
prevents both cancers and pre-cancerous changes. The vaccines, containing non-
infectious viral proteins, stimulate the immune system to produce antibodies. Con-
sequently, if exposed to the virus later, the immune system is better equipped 
to suppress the infection. Greatest efficacy is achieved by vaccinating both girls 
and boys before sexual activity begins, reducing the likelihood of HPV exposure. 
However, vaccination after sexual activity still lowers the risk of developing HPV-
related conditions (Markowitz, 2007; Majek et al., 2021a,b). 
 In the Czech Republic, a comprehensive vaccination program against HPV has 
been in place. Since April 1, 2012, health insurance companies cover the cost of 
voluntary vaccination for girls beginning at the age of 13. The reimbursement 
applies from the time a girl turns 13 until she reaches 14. An amendment in Act 
no. 290/2017, effective August 2017, expanded coverage to include boys, funded 
by public health insurance (Hejduk et al., 2018). In 2017, the immunization cov-
erage rate (the ratio of vaccinated female patients to the total population eligible) 
for those initiating vaccination at 13 was 65.8% across the Czech Republic, vary-
ing by region from 51.5% to 82.7%. These percentages reflect only those women 
who met the age criteria for vaccination reimbursement under public health insur-
ance (Hejduk et al., 2018). For comparison, uptake among boys in the Czech 
Republic was negligible in the 2016 – 2017 cohorts (36 vaccinated 13-year-old 
boys in 2016 and 27 in 2017, compared to more than 30,000 girls per year). This 
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indicates that reimbursed vaccination for boys became effective only in 2018, and 
we use the female coverage rate for modelling, as our analysis focuses on women. 
 Three medical products were used for HPV vaccination in 2021, with their 
protective scope based on the number of HPV types they protect against (Albright 
and Ondrus, 2021b). Table 1 provides an overview of the vaccines available in 
2021. The maximum reimbursement from public health insurance covers the cost 
of the least expensive medical product. The prices and surcharges in Table 1 cor-
respond to one dose of the vaccine only. The required number of doses for full 
immunization varies with the age at which vaccination commences. CERVARIX 
may be administered in two doses if the first dose is given between the ages of 
9 and 14. For those first vaccinated at the age of 15 or older, a three-dose schedule 
is necessary (State Institute for Drug Control (SUKL), 2021). 
 
T a b l e  1  
Overview of Vaccines Available in the Czech Republic 

Vaccine HPV types protection Selling price 
(CZK) 

Reimbursement 
(CZK) 

Patient surcharge 
(CZK) 

CERVARIX 16, 18 1,765.79 1,765.79 0.00 
GARDASIL 6, 11, 16, 18 3,138.54 1,765.79 1,372.75 
GARDASIL 9 6, 11, 16, 18, 31, 33, 45, 52, 58 4,032.63 1,765.79 2,266.84 

Note: The table provides details on available vaccines in the Czech Republic, including characteristics, prices, 
and reimbursement. HPV = human papillomavirus. 
Source: SUKL (2021). 
 
 For GARDASIL and GARDASIL 9, a two-dose schedule is sufficient if the 
first dose is received between 9 and 13 years old. If vaccination starts at 14 or 
later, three doses are required (State Institute for Drug Control (SUKL), 2021). 
 Patients in the Czech Republic can choose their vaccine type. The State Insti-
tute for Drug Control (SUKL) publishes summary information on the availability 
of medicinal products, based on monthly reports from authorized distributors in 
Czechia as stipulated by Article 23 of the Act on Medicinal Products.  
 Figure 1 shows the distribution of HPV vaccines provided to medical doctors 
and pharmacies, which are the primary avenues through which patients access 
these vaccines. Data on supplies to distribution centers are excluded. In 2019, 
GARDASIL was the most chosen vaccine; however, GARDASIL 9 became the 
most supplied in 2020. In both years, the fully reimbursed vaccine, CERVARIX, 
accounted for approximately 15% of the total (SUKL, 2020a; 2021a).  
 Additionally, nearly all health insurance funds in the Czech Republic offer 
supplementary vaccination programs and financial contributions to support their 
patients (Table 2). 
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F i g u re  1 
The Number of Vaccines Supplied to Medical Doctors and Pharmacies 

 
Note: The figure shows the number of vaccines supplied to medical doctors and pharmacies in the years 2019 
and 2020. The supplied medical products are used to vaccinate both female and male patients. 
Source: State Institute for Drug Control (SUKL, 2019; 2020a). 
 
T a b l e  2  
HPV Vaccination Programs and Financial Contributions Insurance Funds 

Insurance fund Financial contribution 
[CZK] 

 Children Adults 

Ministry of the Interior Health Insurance Fund (ZPMV) (2021) 1500 1000 
Coalfield Brotherhood Cash Office, a health insurance company (RBP) (2021) 4000 4000 
Czech Industry Health Insurance Fund (CPZP) (2021) 1500 1000 
Occupational Health Insurance Company for Employees of the Banking,  
Insurance and Building Industry (OZP) (2021) 

 
1000 

 
1000 

Skoda Employees Health Insurance Fund (ZPS) (2021) 4000   800 
General Health Insurance Company of the Czech Republic (VZP) (2021) – – 
Military Health Insurance Company of the Czech Republic (VoZP) (2021) – – 

Note: The table presents HPV vaccination programs and the maximum financial contributions from Czech insur-
ance funds in 2021. 
Source: ZPMV (2021); RBP (2021); CPZP (2021); OZP (2021); ZPS (2021); VZP (2021); VoZP (2021). 
 
 HPV vaccination programs are widely implemented across the European Union 
and the European Economic Area, but vary considerably in their design, including 
target age groups, gender neutrality, catch-up policies, and funding arrangements, 
as documented by the European Centre for Disease Prevention and Control (2021). 
In the international context, we discuss vaccination plans (including catch-up pro-
grams) in three European countries (Austria, Germany, and Latvia), for which 
sufficiently detailed and comparable program information was publicly available 
during the period relevant to the analysis. These countries illustrate both similari-
ties with the Czech setting (Austria and Germany, as neighboring EU countries 
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with comparable health-system structures) and differences in program design and 
epidemiological burden (Latvia, which has implemented a compulsory program 
for females and reports relatively high cervical cancer incidence).  
 More specifically, in Austria, non-mandatory vaccination is offered to both 
girls and boys aged 10 to 12, with a catch-up program for ages 13 to 30, although 
national health system funding for the vaccination only extends up to the age of 
15 (ECDC, 2021). Vaccination coverage rates in Austria are reported at 60% for 
girls and 40% for boys (Boiron et al., 2016). In 2018, the age-standardized inci-
dence rate of new cervical cancer cases in Austria was 5.5 per 100,000 women, 
compared to 9.9 in the Czech Republic. Moreover, the cervical cancer mortality 
rate in Austria was 1.7 deaths per 100,000 women, lower than in the Czech Re-
public (Bruni et al., 2019), indicating that the number of deaths due to cervical 
cancer is almost 2.4 times higher in the Czech Republic. Both countries started 
immunization programs recently: Austria in 2012 and the Czech Republic in 2014. 
A significant difference between the two countries is the implementation of na-
tional screening programs: Austria implemented its screening program in 1974, 
whereas the Czech Republic did so in 2009 (Duskova et al., 2014; Austrian Insti-
tute for Health Technology Assessment, 2018). Germany has a gender-neutral pro-
gram for ages 9 to 14, with a catch-up program for females up to 17. Estimates 
from 2018 indicate that the incidence of newly diagnosed cases per 100,000 
women stands at 7.5, with the age-standardized mortality rate at 2.2 per 100,000. 
Vaccination coverage among the youth is reported to be 50%, according to Damm 
et al. (2017). In contrast, Latvia has implemented a compulsory vaccination pro-
gram for females at the age of 12 (ECDC, 2021), likely in response to a cervical 
cancer incidence rate of 25.0 cases per 100,000 women (Bruni et al., 2019). Vac-
cination strategies and catch-up programs are revised annually, and the true impact 
of these programs will become clearer once the vaccinated population reaches the 
age at which cervical carcinoma is typically diagnosed.  
 In addition to differences in program design across countries, an expanding 
literature evaluates interventions designed to increase HPV vaccination uptake. 
This literature provides evidence on how vaccination coverage responds to policy 
measures and promotional campaigns. Systematic reviews and meta-analyses find 
that behavioral and organizational interventions (such as reminder systems, provider 
prompts, education-based programs, and multicomponent outreach activities) can 
enhance vaccination coverage, although the magnitude of the effect varies sub-
stantially across settings and intervention types. 
 A recent meta-analysis by Rahman et al. (2026) finds that digital and multi-
component interventions increase vaccination uptake, with odds ratios between 
1.40 and 2.17 (corresponding to roughly 8 – 19 percentage point increases under 
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plausible baseline coverage). Evidence from systematic reviews (Mavundza et al., 
2021; Akumbom et al., 2022) points to substantial heterogeneity in intervention 
effects on vaccination uptake: simpler interventions, such as reminders, tend to 
yield relatively small improvements, whereas more intensive or multicomponent 
strategies generate larger increases. Studies included in these reviews report in-
creases in vaccination coverage of approximately 11 – 18 percentage points follow-
ing interventions that combine financial support with provider-focused strategies.  
 Quasi-experimental and experimental studies based on policy changes, such as 
Fisher et al. (2020), which examine changes in consent rules in England, find small 
but meaningful effects, ranging from about 1 – 2 percentage points in individual-
level analyses to around 11 percentage points in aggregate difference-in-differ-
ences estimates. Hansen et al. (2020) document the decline and recovery of HPV 
vaccination in Denmark, where uptake fell from approximately 90% to below 40% 
following negative media coverage and subsequently recovered to pre-crisis levels 
during a national information campaign launched in 2017. The campaign, which 
combined personal stories from cervical cancer patients with evidence-based mes-
saging on social media and in traditional media, cost approximately 1 million USD 
and led to roughly 16,000 additional vaccinations per year, implying a cost of 
about 62.5 USD per additional vaccinated girl (WHO, 2018; University of North 
Carolina at Chapel Hill, 2020). Complementary evidence on intervention costs is 
provided by Hung et al. (2025), who conducted a trial-based cost analysis of clinic-
level strategies in the United States. They report incremental costs per additional 
patient receiving a vaccine dose of 47.41 USD, 202.47 USD, and 71.96 USD for 
parent reminder/recall, healthcare professional audit and feedback, and combined 
interventions, respectively, with sensitivity ranges spanning from 32.71 USD to 
233.37 USD. Kamenský et al. (2025) provide a recent contribution focusing on 
the Czech Republic. The authors evaluate the cost-effectiveness of both routine 
and catch-up HPV vaccination strategies using a Markov multistate model. The 
study models cohorts aged 11 and 15 – 21 and finds that catch-up vaccination is 
cost-effective and, in the female cohort, cost-saving (dominant), while in the male 
cohort ICERs remain below 42,000 CZK/QALY. These estimates are below com-
monly used cost-effectiveness thresholds. 
 Selected literature on the cost-effectiveness of HPV vaccination and cervical 
cancer prevention in Europe is examined. Westra et al. (2011) analyzed vaccination 
in the Netherlands, focusing on health-economic and clinical impacts for women 
aged 12 to 50. A Markov transition model was employed to analyze transitions 
among stages, including HPV susceptibility, HPV infection, pre-cancer, cancer, 
and cancer mortality. Findings indicate that vaccinating women against HPV is 
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highly cost-effective for those aged 12 to 16. Notably, as the age of vaccine recip-
ients increases to 25 years, the cost-effectiveness decreases gradually, suggesting 
significant health benefits at reasonable costs. However, the cost-effectiveness of 
vaccinating women older than 25 diminishes rapidly. It is concluded that vaccina-
tion remains cost-effective for women even after the initiation of sexual activity. 
The study by Demarteau et al. (2013) analyzed the incremental cost-effectiveness 
of administering the HPV vaccine to Belgian women both before and after the 
onset of sexual activity. This analysis utilized multiple-stage Markov model 
designed to simulate the lifetime trajectory of a cohort of women. This model 
accounts for the natural progression of HPV infection, the impact of regular 
screening, and the benefits of HPV vaccination (Debicki et al., 2008). Findings 
from the study indicate that vaccinating 12-year-old females, with a catch-up pro-
gram, alongside screening, significantly reduces cervical cancer, and the bivalent 
HPV-16/18 vaccine remains cost-effective for women up to 33 to 40 years old. 
Favato et al. (2012) evaluated HPV prevention strategies in Italy using a Bayesian 
multi-cohort Markov model. This model makes use of probability distributions 
derived from either observed data or the expert opinions regarding uncertain 
parameters. The findings indicate that the primary scenario, which involves vac-
cinating cohorts of women aged 12 and 16, as well as an expanded multi-cohort 
scenario that additionally encompasses age groups of 18 and 25, are deemed cost-
effective. It is noteworthy that several recent studies employ Markov-type models 
to evaluate HPV vaccination strategies, including vaccination of older women and 
broader age cohorts, with a number of articles originating from Asian settings 
(e.g., Zou et al., 2023; Tantitamit et al., 2026). 
 
 
2.  Methodology 
 
2.1.  Survival Analysis – Markov Chains 
 
 Markov models are widely used in health economic modeling to evaluate the 
cost-effectiveness of healthcare strategies and guide public policy decisions (Rus-
sell, 1996). They are particularly effective for analyzing processes with inherent 
uncertainties over time and are well suited to scenarios where timing and recur-
rence of events are critical, making them ideal for assessing sequential or repeti-
tive strategies (Gray et al., 2011). A Markov model employs a Markov process 
to simulate transitions between different states. A stochastic process, denoted as 
X(t),t ∈ T, is a first-order Markov process if, for any sequence t0 < t1 < ··· < tn, the 
conditional probability distribution of X(tn), given the values of X(t0), X(t1), ..., 
X(tn−1), relies solely on X(tn−1). This principle, expressed by the equation below, 
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suggests that the future state depends only on the current state and not on the 
sequence of events that preceded it. 
 

 
( ) ( ) ( ) ( )

( ) ( )
1 1 2 2 0 0

1 1

| , , ,

|  
n n n n n n

n n n n

P X t X X t x X t x X t x

P X t x X t x
− − − −

− −

 ≤ = = … = = 
 = ≤ = 

         (1) 

 
 Markov chains model transitions over time among states that represent differ-
ent health statuses. The discrete-time process denoted by Xk, k = 0,1,2, ... qualifies 
as a homogeneous Markov chain if, for any indices i, j and any time step k ≥ 0, the 
following condition is satisfied: 
 

[ ] [ ]1 2 0 1| , , , |k k k k k ijP X j X i X n X m P X j X i p− − −= = = … = = = = =       (2) 
 
 The quantity pij represents the state transition probability in a Markov process, 
which is characterized by time independence. This implies that the probability pij 

for transitioning from state i at time k − 1 to state j at time k remains constant, 
regardless of time. Therefore, the future state of the Markov process, given its 
current state, does not depend on its history. This is known as the Markov property 
(Filipovic-Pierucci et al., 2017; Ibe, 2013). In a homogeneous Markov chain, the 
state transition probability pij has two primary properties: 
 

1. The probability pij is confined to the interval between zero and one: 
 

0 ≤ pij ≤ 1 
 
2. The sum of the probabilities of transitioning from state i to all other possible 

states j equals one, as each state i must transition to some state j in the next time 
step. This is represented by: 

 

 
1

1,        1  ,  2,  ...      
N

ij
j

p for all i N
=

= =∑  

 
 These principles, derived from the conditions that states are mutually exclusive 
and collectively exhaustive, underscore the foundational logic of Markov chain 
models in analyzing transitions over time. The state transition probabilities be-
tween different states can be represented by a state transition probability matrix, 
denoted as P. The matrix P consists of N rows and N columns, where each entry 
pij, at the intersection of the i-th row and j-th column, represents the probability of 
transitioning from state i to state j, and where N denotes the total number of states. 
The sum of all entries in any given row must equal one, reflecting the stochastic 
nature of the matrix P, indicating that the total probability of moving from any 
state to all possible subsequent states is certain, as formalized below: 
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 Assuming a finite Markov chain, the state transition probability at the n-th step, 
denoted as ( )n

ijp  represents the probability of transitioning to state j after n steps, 

given it is currently in state i. This probability ( )n
ijp  is determined by the specific 

dynamics of the Markov process and is expressed as: 
 

( ) [ ]|n
ij m n mp P X j X i+= = =                                       (4) 

 
 Additionally, the probability ( )n

ijp  can be determined for all possible combina-

tions of i and j. Through this, it is possible to construct an N-state Markov chain 
matrix nP  encompassing all probabilities ( )n

ijp . Each entry ( )n
ijp  at the intersec-

tion of the i-th row and j-th column within the matrix nP , represents the proba-
bility of transitioning from state i to state j after n steps. The matrix nP   is derived 
by raising the initial transition matrix P to the n-th power, effectively multiplying 
P by itself n times: 
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 (5) 

 
 A Markov chain is characterized by various types of states. A state j is consid-
ered accessible from state i if there exists some n > 0 such that the transition prob-
ability ( )n

ijp  > 0. Accessibility implies the potential of eventually transitioning 

into the state. When two states are mutually accessible, they are described as com-
municating with each other. A Markov chain is irreducible if every state in the 
model can communicate with every other state. A state i is recognized as an ab-
sorbing or trapping state if, once reached, the process cannot transition to any other 
state j, which means pij = 0 for every j ≠ i. For an absorbing state, the probability 
of remaining in state i, pii = 1. A Markov chain that contains at least one absorbing 
state, and from every other state there exists a nonzero probability of transitioning 
to this absorbing state, is termed an absorbing Markov chain (Ibe, 2013). 
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F i g u r e  2 
Graphical Representation of Markov Model 

 
Note: The figure shows the graphical representation of the Markov model for transition analysis. H = healthy 
state, N87 = cervical neoplasia, precancerous state, C53 = cervical carcinoma, cancerous state, D = dead. 
Source: Authors’ own construction. 
 

 In our model, we evaluate transitions in annual cycles, that is, one Markov 
cycle corresponds to one year. Figure 2 presents a graphical illustration of the 
developed model, featuring four mutually exclusive and collectively exhaustive 
states: H (Healthy), N87 (Cervical Dysplasia), C53 (Cervical Carcinoma), and D 
(Death). These states are delineated based on the diagnoses reported for the corre-
sponding year, utilizing the International Classification of Diseases and Related 
Health Problems (ICD-10). This classification system organizes and codifies  
human diseases, disorders, health issues, and various symptoms, situations, or 
conditions (Institute of Health Information and Statistics of the Czech Republic 
(UZIS, 2021). Specifically, the diagnoses considered are N87, representing cervi-
cal dysplasia (a precancerous stage), and C53, indicating cervical carcinoma 
(a cancerous stage). The state termed” Healthy” signifies the absence of these 
diagnoses. The model developed for this study categorizes the health status of 
women into four distinct states, each representing a specific condition within the 
cycle of observation: 

• H (Healthy) denotes the state of women who, in each cycle, were not diag-
nosed with either N87 (cervical neoplasia) or C53 (cervical carcinoma) and were 
not deceased. The designation” H” facilitates clearer identification of this state, 
implying that a woman classified under” H” may still have conditions other than 
N87 and C53. 
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• N87 (Cervical Neoplasia, Precancerous State) identifies women diagnosed 
with cervical dysplasia, coded as N87, during a specific cycle. This state repre-
sents the precancerous stage of cervical disease. 

• C53 (Cervical Carcinoma, Cancerous State) refers to women whose medical 
condition was identified as cervical carcinoma, coded as C53, within a particular 
cycle, indicating the cancerous stage of the disease. 

• D (Death) encompasses women who have passed away in a certain cycle. By 
definition, deceased individuals are not categorized within any of the model’s” 
alive” states for that cycle. 
 
2.2.  Cost-Effectiveness Analysis 
 
 Cost-effectiveness analysis is a critical method employed for economic evalu-
ation in healthcare. It involves comparing a new intervention with an existing 
treatment program, considering the incremental costs and effects of both the new 
and the existing treatments (Olsen, 2009). To facilitate this comparison, the Incre-
mental Cost-Effectiveness Ratio (ICER) is utilized: 
 

      
 

A B

A B

C C CICER
E E E

− ∆
= =

− ∆
 (6) 

 
 In this context, CA and EA denote the costs and effects of intervention A, re-
spectively, while CB and EB correspond to the costs and effects of the existing 
treatment (Gray et al., 2011). The effectiveness of an intervention is assessed using 
the metric of quality-adjusted life years (QALYs), which integrates both the length 
and quality of life. The QALY metric is calculated by multiplying the duration of 
life, expressed in years, by a health-related quality of life (HRQoL) score associ-
ated with those years: 
 
 *QALY T HRQoL=   (7) 
 
 HRQoL is quantified on a utility scale ranging from zero to one, where zero 
signifies the utility value of the” dead” state, and one represents the utility of living 
in” perfect health.” This metric is derived from patient surveys, such as the EQ-5D, 
which evaluate various dimensions including mobility, pain, mental health, 
among others (Prieto and Sacristan, 2003; Whitehead and Ali, 2010; Komorowski 
and Raffa, 2016). To determine the cost-effectiveness of an intervention, a cost-
effectiveness threshold is required. In line with the decision-making practices 
of SUKL, a threshold of 1.2 million CZK per QALY is generally considered 
acceptable for assessing cost-effectiveness (State Institute for Drug Control 
(SUKL), 2020b). 
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3.  Data 
 
3.1.  Data for Survival Analysis 
 
 To assess survival duration, a data request was submitted to the National Health 
Information System (NZIS). This dataset comprises the number of women cate-
gorized into three health states (healthy, precancerous, and cancerous) in 2018, 
along with their health status in the following year. A total of 5,446,053 women 
are included, each precisely classified into one of the defined health states. These 
data facilitate the calculation of transition probabilities between states, encom-
passing the probability of mortality. Further details about the requested data are 
available in Appendix A. 
 
T a b l e  3  
Inconsistencies between Official Statistics and Data Provided by UZIS 

Measure Value Definition Source 

Incidence C53 
 

 1,928 
 

Newly observed C53 in 2019 among women without C53 
recorded in 2018. 

Data request UZIS 
 

     830 
 

The number of newly diagnosed diseases in the  
monitored population over a certain time interval. 

NOR 
 

Prevalence 
C53 

 7,065  
(6,853) 

Annual treated prevalence: women carrying C53 during 
2018 (2019). 

Data request UZIS 
 

 17,750 
 

The number of living people who currently have a given 
disease or have had the disease in the past. 

NOR 
 

Mortality C53 
 

    393 
 

Deaths in 2019 among women with C53 recorded  
in 2018, all-cause, died with C53 in prior year). 

Data request UZIS 
 

 
    280 
 
 

The number of recorded deaths due to a given diagnosis 
(so-called specific mortality) in the monitored  
population over a certain time interval. 

NOR 
 
 

Note: The table shows the inconsistencies between the NOR and UZIS data – due to different definitions. NOR 
= National Cancer Registry, UZIS = Institute of Health Information and Statistics of the Czech Republic.  
Source: UZIS, and Krejci (2022).  

 
 The data provider, UZIS, highlighted limitations due to the reliance on patient 
identification from health care reimbursement reports within the public health in-
surance system. This dataset is not derived from a clinical database, and it excludes 
cases not covered by public health insurance. Table 3 summarizes the differences 
between the provided data and the official statistics on the incidence, prevalence, 
and mortality rates of cervical carcinoma in the Czech Republic. The main reason 
is the difference in the definitions of these statistics. Official statistics define inci-
dence as newly diagnosed cases, prevalence as the number of living persons who 
currently have, or have had, the disease (typically reported as a point prevalence), 
and mortality as cause-specific deaths due to the diagnosis (Krejci, 2022). On the 
other hand, the UZIS/NZIS extracted data use annual presence of diagnosis codes 
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in reimbursed care and year-to-year transitions. (The definitions are included in 
Appendix A). Consequently, our incidence proxy captures women who are newly 
diagnosed with C53 in 2019 among those without a recorded C53 in 2018, which 
may include women diagnosed earlier whose C53 was not recorded in reimburse-
ment data in 2018. Similarly, our prevalence measure reflects annual treated prev-
alence rather than registry prevalence. Where the registry prevalence also counts 
women who have had C53 in the past. The difference in the mortality is consistent 
with counting deaths among women previously recorded with C53 (“died with”) 
rather than deaths due to C53 (“died of”) (Krejci, 2022).  
 These differences are primarily attributed to the distinction between clinical 
registries and reimbursement data. Other potential sources of inaccuracy include 
errors in the reporting of diagnoses, the omission of patients who missed their 
check-ups during the observation period (thus not appearing in the reimbursement 
data), and the possibility of multiple diagnoses for a single patient. Despite these 
challenges, the focus of this study is on evaluating the costs and financial impli-
cations of the current situation versus the proposed change. Therefore, the data on 
actual reimbursed costs are deemed representative for this purpose.  
 To evaluate the benefits of HPV vaccination, two state-transition matrices are 
required. The matrix for unvaccinated women (Table 4) is derived from data 
supplied by UZIS, capturing state transitions for the general population, which 
includes both vaccinated and unvaccinated women. Given that HPV vaccination 
commenced in the Czech Republic in 2012, the impact of vaccinated women on 
the number of diagnosed cases and, consequently, on transition probabilities is 
considered marginal. This marginal impact is attributed to the extensive period 
required for the development of (pre)cancerous conditions. 
 For vaccinated women, the matrix (Table 5) is adjusted by reducing the prob-
ability of transitioning from state H to states N87 and C53 by 90%, reflecting the 
assumed vaccine efficacy. To ensure the probabilities in the row sum up to one, 
the adjusted amounts are reallocated to the probability of remaining in state H. 
The probability of transitioning from state H to state D remains unchanged.  
 
T a b l e  4  
Transition Matrix for the Unvaccinated 

 H N87 C53 D 

H 0.9740 0.0150 0.0010 0.0100 
N87 0.5510 0.4450 0.0020 0.0020 
C53 0.2620 0.0270 0.6550 0.0560 
D 0.0000 0.0000 0.0000 1.0000 

Note: The table shows the transition matrix for unvaccinated women. H = healthy state, N87 = cervical neoplasia, 
precancerous state, C53 = cervical carcinoma, cancerous state, D = dead. 
Source: Authors’ calculations based on data provided by UZIS. 
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T a b l e  5  
Transition Matrix for the Vaccinated 

 H N87 C53 D 

H 0.9884 0.0015 0.0001 0.0100 
N87 0.5510 0.4450 0.0020 0.0020 
C53 0.2620 0.0270 0.6550 0.0560 
D 0.0000 0.0000 0.0000 1.0000 

Note: The table shows the transition matrix for vaccinated women. H = healthy state, N87 = cervical neoplasia, 
precancerous state, C53 = cervical carcinoma, cancerous state, D = dead. 
Source: Authors’ calculations based on data provided by UZIS. 
 
3.2.  Health-Related Quality of Life 
 
 Health-related quality of life (HRQoL) is assigned to each health state within 
the Markov model, with values ranging from zero to one. HRQoL values for the 
precancerous and cancerous stages are derived from the literature. State N87, rep-
resenting the precancerous stage, has HRQoL values ranging from 0.87 to 0.91, 
depending on the progression of precancerous conditions. State C53, indicative of 
cervical carcinoma, sees HRQoL values vary from 0.48 to 0.76 based on the stage 
of carcinoma (local, regional, distant) (Elbasha et al., 2007; Boiron et al., 2016). 
For this analysis, HRQoL for N87 and C53 has been standardized to 0.89 and 0.67, 
respectively. 
 The HRQoL for state D, representing death, is set to zero. Although state H, 
denoting healthiness, is assigned an HRQoL of one, it is important to clarify that 
this does not equate to “perfect health”. The rationale behind this assignment is 
that the average HRQoL for the general population without conditions would 
likely be lower than that for state N87 (Elbasha et al., 2007), suggesting an incon-
gruity where being in a precancerous state would seemingly be preferred over 
being free from C53 or N87 in terms of quality of life. This is a simplification for 
modeling purposes. 
 
3.3.  Costs of Vaccination and Vaccine Efficacy 
 
 The analysis includes only direct health-care costs related to vaccination, cov-
ering medical products and administration. These costs vary depending on the age 
at which vaccination begins. Total vaccination costs are calculated by summing 
the costs of the medical products and administrative expenses. The price of the 
medical product is based on the least expensive option available. Administrative 
costs for the vaccine account for both the vaccine’s application and a general ex-
amination conducted by a medical doctor. These costs are determined according 
to Regulation No. 269/2019 Coll., which amends Regulation No. 134/1998 Coll. 
This regulation issues a list of medical services with associated point values, as 
further amended by Regulation No. 428/2020 Coll. The latter regulation specifies 



Ekonomický časopis/Journal of Economics, 74, 2026, No. 5 – 6, pp. 244 – 273 259 

 

point values, payment amounts for reimbursed services, and regulatory limits 
for the year 2021. Table 6 outlines the total vaccination costs for both two- and 
three-dose schedules. 
 
T a b l e  6  
Costs Associated with Vaccination 

Price per one dose of vaccine 1,765.79 CZK 
Price of application and examination per one dose    263.32 CZK 
Total costs of administration per one dose 2,029.11 CZK 
Total costs of administration of two doses 4,058.22 CZK 
Total costs of administration of three doses 6,087.33 CZK 

Note: The table outlines the breakdown of vaccination costs. Vaccine application and general examination values 
are 138 and 89 points, respectively, with each point valued at 1.16 CZK. 
Source: Ministry of Health, CR (2019; 2020); SUKL (2021). 
 
 Vaccine efficacy against the precancerous stage is derived from the summary 
of product characteristics for each vaccine, as published by State Institute for Drug 
Control (2021). The reported efficacy of vaccines against precancerous ranges 
from 78% and 100% across all three vaccines. Due to the long development period 
of cervical carcinoma, efficacy data against the cancerous stage are not yet avail-
able. Based on information from European Medicines Agency (2007; 2008; 2015), 
CERVARIX was approved for use in 2007, GARDASIL in 2006, and GARDASIL 
9 in 2015. For this analysis, we assume a vaccine efficacy of 90%. Additionally, 
a sensitivity analysis is conducted using an efficacy rate of 80% to assess potential 
variations in outcomes. 
 
3.4.  Costs Assigned to the Specific States 
 
 The costs for specific health states are derived from the 2019 VZP Yearbook, 
covering nearly 6 million insured individuals, representing about 60% of the 
Czech population (General Health Insurance Company of the Czech Republic 
(VZP), 2020). Therefore, the VZP insured cohort serves as a representative sample 
of the Czech Republic’s population. For the H (healthy) state, costs are based on 
the median of the average total annual healthcare expenses for 5-year age groups, 
ranging from 10 to 14 years to 80 to 84 years, amounting to 22,270 CZK. The costs 
for the D (dead) state are assumed to be zero, reflecting no ongoing healthcare costs 
after death. The costs for the N87 state (precancerous condition) are calculated by 
adding the average costs for diagnoses N80 – N98 to the H state costs, resulting 
in a total of 22,270 CZK + 1,621.34 CZK = 23,891.34 CZK. Similarly, the costs 
for the C53 state (cervical carcinoma) are derived by adding the average costs for 
diagnoses C51 – C58 to the costs for the H state, yielding a total of 22,270 CZK 
+ 30,113.38 CZK = 52,383.38 CZK (General Health Insurance Company of the 
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Czech Republic, 2020). Table 7 summarizes the average total annual costs for each 
state, the potential transitions among states, and the HRQoL values assigned to each.  
 
T a b l e  7  
Average Total Annual Costs Assigned to Each State 

State In Out HRQoL Costs 

H H, N87, C53 H, N87, C53, D 1.00 22,270.00 CZK 
N87 H, N87, C53 H, N87, C53, D 0.89 23,891.34 CZK 
C53 H, N87, C53 H, N87, C53, D 0.67 52,383.38 CZK 
D      H, N87, C53, D D 0.00          0.00 CZK 

Note: The table lists states, possible transitions, assigned Health-related quality of life values, and average annual 
costs per cycle and person. H = healthy, N87 = precancerous, C53 = cancerous, D = dead. 
Source: VZP (2020); Elbasha et al. (2007); Boiron et al. (2016).  
 
 The total costs assigned to states N87 (precancerous condition) and C53 (cer-
vical carcinoma) may not fully capture the expenses for these specific stages, as 
the costs for these diagnoses are already factored into the average total costs. It’s 
important to note that the prevalence of women diagnosed with these conditions 
is relatively low compared to the total number of women insured by VZP. VZP 
insured 2,968,195 women as of 31 December 2018, and 2,967,365 women as of 
31 December 2019 (General Health Insurance Company of the Czech Republic 
(VZP), 2019; 2020). In the NZIS/UZIS reimbursement extract (which is not insurer-
disaggregated), 7,065 women had a reimbursed record of C53 in 2018, and 6,853 
in 2019 (Table 3). Relative to the female VZP-insured population, this implies an 
upper bound of 0.24% (7,065 / 2,968,195) in 2018, and 0.23% (6,853 / 2,967,365) 
in 2019 for the share of women with reimbursed C53 care in a given year. 142,307 
women or an upper bound of 4.79% (142,307 / 2,968,195) had a reimbursed rec-
ord of N87 in 2018 and 143,978 or an upper bound of 4.85% (143,978 / 2,967,365) 
in 2019. These numbers represent an upper bound when all the reimbursed women 
would be VZP-insured. Additionally, the presented costs are not for individual 
diagnoses but rather for a broader group of related diagnoses. However, the costs 
associated with specific diagnoses are likely to be similar to those for the broader 
group, making this approach a valid approximation for the analysis. 
 
 
4.  Results 
 
4.1.  Modelling Process 
 
 To conduct a cost-effectiveness analysis, the costs and benefits of various vac-
cination strategies are calculated. The Incremental Cost-Effectiveness Ratio eval-
uates the cost-effectiveness of each alternative relative to the current approach. 
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Benefits are quantified by multiplying the length of survival by the Health-Related 
Quality of Life, with survival duration derived from transition analysis. This anal-
ysis offers detailed insights into the duration of persistence in each health state, 
which, in turn, informs the cost calculations for these states. Assumptions regard-
ing the costs for each state are detailed in Table 7. 
 The proposed model comprises a cohort of 13-year-old girls, initially in the 
healthy state (H), reflecting the age at which health insurance in the Czech Repub-
lic fully reimburses HPV vaccination. The cohort size is established at 50,000 
women to reflect the age composition of the population (Czech Statistical Office 
(CSU), 2020a). The model spans 68 cycles, corresponding to the average life 
expectancy of 81 years for Czech women (CSU, 2020b), subtracting the entry age 
of 13. Each cycle in the model equates to one year. In line with standard practices 
for cost-effectiveness analysis, a 3% discount rate is applied to both costs and 
effects. Additionally, sensitivity analyses are conducted using discount rates of 
0% and 5% to evaluate the impact of these rates on the outcomes (State Institute 
for Drug Control (SUKL), 2020b).  
 To evaluate the benefits of HPV vaccination, we model the transitions among 
the states for both vaccinated and unvaccinated women using the transition matrices 
described by Tables 4 and 5. These matrices depict the life-long transition proba-
bilities for a cohort of women, tracking their movement among the states over 68 
cycles, equivalent to years. In each cycle, women residing in states H, N87, and 
C53 are credited with one year of life, whereas no years are added for those in 
state D. The accumulated years of life in each state, for every cycle, are then multi-
plied by the respective HRQoL scores, resulting in QALY as the measure of effect. 
The total costs are calculated by multiplying the duration of stay in each state by 
the corresponding state’s total annual cost. The model was developed using the R 
software, employing the heemod package, which is specifically designed for 
constructing Markov models for health economic evaluations (Filipovic-Pierucci 
et al., 2017). 
 
4.2.  Proposed Strategies 
 
 This subsection outlines two vaccination strategies devised by the authors to 
enhance HPV immunization coverage. Strategy 1 aims to increase the vaccination 
rate among 13-year-olds from the current 65.8% (Hejduk et al., 2018) to 80%. The 
calculation of costs and QALYs is adjusted based on the proportion of vaccinated 
women, with vaccination expenses incorporated into the total costs of the proposed 
strategy. Detailed calculations can be found in Appendix B. The anticipated increase 
in vaccination coverage is supported by a promotional campaign whose cost is 
derived from published estimates of HPV vaccination promotion interventions 
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(Hansen et al., 2020; Hung et al., 2025). Raising coverage from 65.8% to 80% 
in a cohort of 50,000 women requires 7,100 additional vaccinations. Using a ba-
seline cost of USD 62.5 USD per additional vaccinated individual and a 2021 
average exchange rate of 21.682 CZK/USD (Czech National Bank, 2021), the 
baseline campaign cost amounts to approximately 9.6 million CZK. The lower 
bound, based on the least costly intervention arm (32.71 USD per additional 
vaccinated), yields a campaign cost of approximately 5.0 million CZK, while 
the upper bound (233.37 USD per additional vaccinated) yields approximately 
35.9 million CZK. 
 Strategy 2 suggests extending vaccination to include women aged 13 to 15 and 
aims to achieve a vaccination coverage of 80%. Unlike the first strategy, this 
approach necessitates a different model for the baseline scenario. Initially, 50,000 
women are in state H, with an additional 50,000 women entering the model at the 
beginning of the first and second cycles, simulating a scenario where only 13-year-
olds receive vaccination. This reflects the current practice. The costs include im-
mediate expenses and those discounted for future cycles, representing the present 
vaccination strategy. Conversely, this strategy models a single cohort of 150,000 
women, evenly divided among 13-, 14-, and 15-year-olds, with a third requiring 
three vaccine doses and the rest needing two. Cost calculations based on this setup 
are provided in Appendix C. Using the same unit cost estimates as in Strategy 1, 
the 21,300 additional vaccinations required to reach 80% coverage imply a base-
line campaign cost of approximately 28.9 million CZK, with a lower bound of 
15.1 million CZK and an upper bound of 107.8 million CZK. 
 
4.3.  Cost-Effectiveness Results 
 
 Table 8 presents the ICER calculations for the first strategy, applying various 
discount rates to both costs and QALYs. As indicated in Table 8, Panel A, the 
intervention is cost-effective across all discount rates and campaign cost assump-
tions, with all ICER values falling well below the cost-effectiveness threshold of 
1.2 million CZK/QALY. At a 3% discount rate, the baseline ICER is 46,494 CZK/ 
QALY, ranging from 32,217 CZK/QALY (lower bound) to 128,386 CZK/QALY 
(upper bound). At a 0% discount rate, the intervention is cost-saving (dominant) 
under both the baseline and lower-bound campaign cost assumptions, meaning it 
generates health gains while reducing total costs. Even under the upper-bound 
campaign cost and a 5% discount rate (the most conservative combination) the 
ICER remains at 196,096 CZK/QALY, well within the accepted threshold. The 
discount rates of 0% and 5% are included as sensitivity analyses in alignment with 
standard cost-effectiveness assessment methods (State Institute for Drug Control 
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(SUKL), 2020b). Given the established vaccine efficacy against precancerous 
stages, the analysis was reiterated under the assumption of an 80% vaccine effi-
cacy. Table 8, Panel B, demonstrates that the intervention retains its cost-effec-
tiveness relative to the 1.2 million CZK/QALY threshold, even with reduced 
vaccine efficacy. 
 
T a b l e  8  
ICER Computation – Strategy 1 

Discount rate 0% 3% 5% 

Panel A: 90% vaccine efficacy 
Baseline ∆ C [CZK] –18,470,676   14,934,040   23,166,451 
Lower bound ∆ C [CZK] –23,056,614   10,348,102   18,580,513 
Upper bound ∆ C [CZK]     7,833,428   41,238,144   49,470,554 
∆ QALY 487 321 252 
Baseline ICER [CZK/QALY] –39,923   46,494   91,829 
Lower bound ICER [CZK/QALY] –47,338   32,217   73,651 
Upper bound ICER [CZK/QALY]   16,083 128,386 196,096 
Panel B: 80% vaccine efficacy 
Baseline ∆ C [CZK] –12,010,421   17,601,010   24,898,449 
Lower bound ∆ C [CZK] –16,596,359   13,015,072   20,312,511 
Upper bound ∆ C [CZK]   14,293,683   43,905,114   51,202,553 
∆ QALY 432 285 224 
Baseline ICER [CZK/QALY] –27,813*   61,790 111,328 
Lower bound ICER [CZK/QALY] –38,433*   45,691   90,823 
Upper bound ICER [CZK/QALY]   33,101 154,133 228,941 

Note: The table shows ICER calculations for 90% and 80% vaccine efficacy for Strategy 1, including campaign 
costs. C = costs, QALY = Quality-adjusted life year, ICER = Incremental cost-effectiveness ratio, * marks a dom-
inant (cost-saving) intervention, yields health gains at lower total cost. 
Source: Baseline campaign costs derived from Hansen et al. (2020), lower and upper bound derived from Hung 
et al. (2025).  

 
 Strategy 2 also demonstrates cost-effectiveness in the base-case analysis using 
a 3% discount rate. Under 90% vaccine efficacy (Panel A), the baseline ICER 
is 31,060 CZK/QALY, with a range of 30,054 – 36,828 CZK/QALY across the 
lower- and upper-bound campaign-cost scenarios. Under 80% vaccine efficacy 
(Panel B), the baseline ICER is 31,948 CZK/QALY, with a corresponding range 
of 30,934 – 37,766 CZK/QALY.  
 Table 9, Panel A, illustrates the ICER values across different discount rates, 
while Panel B assesses the strategy under the assumption of 80% vaccine efficacy. 
In both cases, the strategy remains cost-effective when evaluated against the cost-
effectiveness threshold of 1.2 million CZK/QALY. Given the ICER values for 
both strategies, we recommend a policy shift regarding HPV vaccination in the 
Czech Republic. Expanding reimbursement for vaccination to include women 
aged 13 to 15 and/or enhancing vaccination coverage would yield significant 
health benefits. 
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T a b l e  9  
ICER Computation – Strategy 2 

Discount rate 0% 3% 5% 

Panel A: 90% vaccine efficacy 
Baseline ∆ C [CZK]   35,020,758 424,955,502 524,415,715 
Lower bound ∆ C [CZK]   21,262,944 411,197,687 510,657,901 
Upper bound ∆ C [CZK] 113,933,069 503,867,813 603,328,026 
∆ QALY     1,743   13,682   16,502 
Baseline ICER [CZK/QALY]   20,097   31,060   31,779 
Lower bound ICER [CZK/QALY]   12,202   30,054   30,945 
Upper bound ICER [CZK/QALY]   65,380   36,828   36,561 
Panel B: 80% vaccine efficacy 
Baseline ∆ C [CZK]   54,785,924 433,345,064 530,660,325 
Lower bound ∆ C [CZK]   41,028,109 419,587,249 516,902,510 
Upper bound ∆ C [CZK] 133,698,235 512,257,375 609,572,636 
∆ QALY     1,571   13,564   16,383 
Baseline ICER [CZK/QALY]   34,881   31,948   32,391 
Lower bound ICER [CZK/QALY]   26,122   30,934   31,511 
Upper bound ICER [CZK/QALY]   85,124   37,766   37,208 

Note: The table shows ICER calculations for 90% and 80% vaccine efficacy under Strategy 2, including cam-
paign costs. C = costs, QALY = Quality-adjusted life year, ICER = Incremental cost-effectiveness ratio. 
Source: Baseline campaign costs derived from Hansen et al. (2020), lower and upper bound derived from Hung 
et al. (2025).  
 
 
Conclusion 
 
 This paper evaluates the cost-effectiveness of HPV vaccination strategies for 
women in the Czech Republic, with a focus on cervical cancer prevention. Using 
a multistate homogeneous Markov model, we assess both the current vaccination 
policy and proposed strategies that increase vaccination uptake. We evaluate two 
policy-oriented strategies: increasing vaccination coverage among 13-year-old 
girls and extending full reimbursement to girls aged 13 to 15. The increase in vac-
cination coverage is based on campaign costs derived from empirical estimates 
of HPV vaccination interventions, which allows us to construct lower, baseline, 
and upper bounds for campaign costs. The results show that both strategies are 
cost-effective across all scenarios.  
 Even under conservative assumptions (including high campaign costs, higher 
discount rates, and lower vaccine efficacy), the estimated ICERs remain below the 
cost-effectiveness threshold. In some cases, specifically for the first strategy under 
low discount rates, the intervention is cost-saving. 
 While the findings are consistent with the existing empirical literature, the anal-
ysis has several limitations. First, our model relies on administrative reimburse-
ment data from the NZIS/UZIS, which differs from clinical data in the definition 
and measurement of incidence, prevalence, and mortality. Specifically, the data 
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capture treated prevalence and year-to-year transitions in reimbursed care rather 
than true epidemiological measures, which may influence the calibration of tran-
sition probabilities. At the same time, the use of reimbursement data means that 
cost estimates reflect actual expenditures and are therefore well suited for evalu-
ating the financial implications of alternative vaccination strategies. Second, the 
analysis assumes that women without cervical disease are in perfect health 
(HRQoL = 1) and does not account for potential reductions in health-related qual-
ity of life following disease resolution. This simplification may lead to a slight 
overestimation of the health gains associated with vaccination. Third, the baseline 
scenario reflects the vaccination policy prior to 2024, when full reimbursement 
was limited to 13-year-old girls. Since then, vaccination coverage has been ex-
panded to girls aged 11 to 15, meaning that part of the policy change considered 
in Strategy 2 is already implemented in practice. As a result, the incremental benefits 
of extending coverage to older cohorts may be smaller than estimated, potentially 
leading to higher ICERs. Incorporating the updated policy would require redefin-
ing the baseline scenario and recalibrating the model accordingly. However, given 
that the estimated ICERs remain well below the cost-effectiveness threshold, the 
main conclusions of the analysis are unlikely to change. 
 Overall, the results show that increasing vaccination coverage and expanding 
eligibility are cost-effective strategies, even under conservative assumptions. Our 
analysis provides a quantitative basis for evaluating HPV vaccination policies in 
the Czech Republic and similar settings. 
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A p p e n d i x  A   
 
Request for the Data from NZIS 
 
1. The number of women who had a reported diagnosis of C53 at any time during the 
year 2018 and at the same time did not have a reported diagnosis of N87. Only women 
who did not die in 2018 and were born before 2018 would be identified. 

• The number of women from the part 1., who had a reported diagnosis of C53 in 2019 
as well. At the same time, did not have a reported diagnosis of N87 and did not die 
in 2019. 

• The number of women from the part 1., who had a reported diagnosis of N87 in 2019 
and did not die in 2019. (These women may or may not have a reported diagnosis 
of C53 in 2019.) 

• The number of women from the part 1., who did not have a reported diagnosis of 
either C53 or N87 in 2019 and did not die in 2019. 

• The number of women from the part 1., who died in 2019. 
Each woman from the part 1., would thus fall into just one of the above sub-points. 

 
2. The number of women who had a reported diagnosis of N87 at any time during the 
year 2018 and at the same time did not have a reported diagnosis of C53. Only women 
who did not die in 2018 and were born before 2018 would be identified. 

• The number of women from the part 2., who had a reported diagnosis of N87 in 2019 
as well. At the same time, did not have a reported diagnosis of C53 and did not die 
in 2019. 

• The number of women from the part 2., who had a reported diagnosis of C53 in 2019 
and did not die in 2019. (These women may or may not have a reported diagnosis 
of N87 in 2019.)  

• The number of women from the part 2., who did not have a reported diagnosis of 
either C53 or N87 in 2019 and did not die in 2019. 

• The number of women from the part 2., who died in 2019. 
 Each woman from the pert 2., would thus fall into just one of the above sub-points. 
 
3. The number of women who did not have a reported diagnosis of either N87 or C53. 
Only women who did not die in 2018 and were born before 2018 would be identified. 

• The number of women from the part 3., who had a reported diagnosis of N87 in 2019. 
At the same time, did not have a reported diagnosis of C53 in 2019 and did not die 
in 2019. 

• The number of women from the part 3., who had a reported diagnosis of C53 in 2019 
and did not die in 2019. (These women may or may not have a reported diagnosis 
of N87 in 2019.) 

• The number of women from the part 3., who did not have a reported diagnosis of 
either C53 or N87 in 2019 and did not die in 2019. 

• The number of women from the part 3., who died in 2019. 
Each woman from the part 3., would thus fall into just one of the above sub-points.  



Ekonomický časopis/Journal of Economics, 74, 2026, No. 5 – 6, pp. 244 – 273 271 

 

A p p e n d i x  B   
 
Calculations of Costs and QALY for Strategy 1 
 
T a b l e  B.1  
Total Costs and QALY of the Whole Cohort Assuming the Efficacy of the Vaccine  
to be 90% 
90% Costs 0% QALY 0% Costs 3% QALY 3% Costs 5% QALY 5% 
Calculation basis 
0% VACC 55,302 2,459,371 26,009 1,157,091 18,248 812,018 
100% VACC 54,901 2,462,801 25,843 1,159,353 18,140 813,795 
Current setup 
Vaccinated   0.658 36,125 1,620,523 17,005 762,854 11,936 535,477 
Unvaccinated   0.342 18,913 841,105 8,895 395,725 6,241 277,710 
SUBTOTAL  55,038 2,461,628 25,900 1,158,579 18,177 813,187 
VACC 32,900 134  134  134  
TOTAL  55,172  26,034  18,310  
Intervention 
Vaccinated   0.8 43,921 1,970,241 20,675 927,482 14,512 651,036 
Unvaccinated   0.2 11,060 491,874 5,202 231,418 3,650 162,404 
SUBTOTAL  54,981 2,462,115 25,877 1,158,901 18,161 813,440 
VACC 40,000 162  162  162  
TOTAL  55,144  26,039  18,329  

Note: This table shows the total costs and QALYs for Strategy 1 and the current situation, excluding campaign 
costs from the ICER calculation. It assumes 90% vaccine efficacy and adjusts the percentages of vaccinated and 
unvaccinated women based on 0% and 100% coverage scenarios shown above. Vaccination costs are included.  
Source: Authors’ calculations based on data provided by UZIS. 
 
T a b l e  B.2  
Total Costs and QALY of the Whole Cohort Assuming the Efficacy of the Vaccine  
to be 80% 
80% Costs 0% QALY 0% Costs 3% QALY 3% Costs 5% QALY 5% 
Calculation basis 
0% VACC 55,302 2,459,371 26,009 1,157,091 18,248 812,018 
100% VACC 54,947 2,462,412 25,862 1,159,097 18,152 813,593 
Current setup 
Vaccinated   0.658 36,155 1,620,267 17,017 762,686 11,944 535,344 
Unvaccinated   0.342 18,913 841,105 8,895 395,725 6,241 277,710 
SUBTOTAL  55,068 2,461,372 25,912 1,158,411 18,185 81,3055 
VACC 32,900 134  134  134  
TOTAL  55,202  26,046  18,318  
Intervention 
Vaccinated   0.8 43,957 1,969,930 20,690 927,278 14,522 650,875 
Unvaccinated   0.2 11,060 491,874 5,202 231,418 3,650 162,404 
SUBTOTAL  55,018 2,461,804 25,892 1,158,696 18,171 813,278 
VACC 40,000   162    162    162  
TOTAL  55,180  26,054  18,334  

Note: The table shows total costs (in millions) and QALYs for Strategy 1 and the current scenario. Campaign 
costs are excluded here but included in the ICER calculation. It assumes 80% vaccine efficacy, with vaccinated 
and unvaccinated percentages based on 0% to 100% coverage scenarios. Vaccination costs are factored in. 
Source: Authors’ calculations based on data provided by UZIS. 
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A p p e n d i x  C   
 
Calculations of Costs and QALY for Strategy 2 
 
T a b l e  C.1  
Total Costs and QALY for Current Setting Assuming 90% Vaccine Efficacy 
90% Costs 0% QALY 0% Costs 3% QALY 3% Costs 5% QALY 5% 
Calculation basis: 13 only 
Inflow I 6,085 272,367 5,815 260,249 5,645 252,686 
Inflow II 160,601 7,141,114 72,276 3,214,450 48,978 2,178,618 
0% VACC  166,686 7,413,481 78,091 3,474,699 54,624 2,431,304 
Inflow I 6,075 272,716 5,805 260,581 5,636 253,007 
Inflow II 159,418 7,151,216 71,799 3,220,859 48,674 2,183,529 
100% VACC  165,494 7,423,932 77,604 3,481,440 54,311 2,436,537 
Current setup 
Vaccinated   0.658 108,895 4,884,947 51,064 2,290,788 35,736 1,603,241 
Unvaccinated   0.342 57,007 2,535,410 26,707 1,188,347 18,681 831,506 
SUBTOTAL  165,901 7,420,358 77,771 3,479,135 54,418 2,434,747 
VACC 32,900   401    389  382  
TOTAL  166,302  78,160  54,800  

Note: The table calculates total costs (in millions) and QALY for the current scenario, assuming 90% vaccine 
efficacy. Percentages of vaccinated and unvaccinated women are based on 0% to 100% coverage levels. Vac-
cination costs are included. 
Source: Authors’ calculations based on data provided by UZIS. 
 
T a b l e  C.2  
Total Costs and QALY for Strategy 2 Assuming 90% Vaccine Efficacy 
90% Costs 0% QALY 0% Costs 3% QALY 3% Costs 5% QALY 5% 
Calculation basis: 13 – 15 
Inflow I 6,629 296,499 6,343 283,695 6,164 275,696 
Inflow II 160,070 7,117,204 72,039 3,203,641 48,818 2,171,269 
0% VACC  166,699 7,413,703 78,382 3,487,336 54,982 2,446,964 
Inflow I 6,616 296,957 6,330 284,130 6,152 276,116 
Inflow II 158,885 7,127,243 71,559 3,210,057 48,512 2,176,204 
100% VACC  165,500 7,424,200 77,889 3,494,187 54,663 2,452,320 
Current setup 
Vaccinated     0.8 132,400 5,939,360 62,311 2,795,349 43,730 1,961,856 
Unvaccinated     0.2 33,340 1,482,741 15,676 697,467 10,996 489,393 
SUBTOTAL  165,740 7,422,100 77,988 3,492,817 54,727 2,451,249 
VACC 120,000   568    568  568  
TOTAL  166,308  78,556  55,295  

Note: The table shows total costs (in millions) and QALY for Strategy 2, assuming 90% vaccine efficacy. Per-
centages of vaccinated and unvaccinated women align with rows for 0% and 100% coverage. Vaccination costs 
are included. 
Source: Authors’ calculations based on data provided by UZIS. 
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T a b l e  C.3  
Total Costs and QALY for Current Setting Assuming 80% Vaccine Efficacy 
80% Costs 0% QALY 0% Costs 3% QALY 3% Costs 5% QALY 5% 
Calculation basis: 13 only 
Inflow I 6,085 272,367 5,815 260,249 5,645 252,686 
Inflow II 160,601 7,141,114 72,276 3,214,450 48,978 2,178,618 
0% VACC  166,686 7,413,481 78,091 3,474,699 54,624 2,431,304 
Inflow I 6,076 272,677 5,806 260,544 5,636 253,007 
Inflow II 159,553 7,150,095 71,854 3,220,142 48,709 2,182,980 
100% VACC  165,630 7,422,772 77,660 3,480,686 54,345 2,435,987 
Current setup 
Vaccinated   0.658 108,984 4,884,184 51,100 2,290,292 35,759 1,602,879 
Unvaccinated   0.342 57,007 2,535,410 26,707 1,188,347 18,681 831,506 
SUBTOTAL  165,991 7,419,594 77,807 3,478,639 54,441 2,434,385 
VACC 32,900   401    389   382  
TOTAL  166,392  78,196  54,822  

Note: The table shows total costs (in millions) and QALY for the current scenario, assuming 80% vaccine effi-
cacy. Percentages of vaccinated and unvaccinated women are based on 0% to 100% coverage. Vaccination costs 
are included. 
Source: Authors’ calculations based on data provided by UZIS. 
 
T a b l e  C.4  
Total Costs and QALY for Strategy 2 Assuming 80% Vaccine Efficacy 
80% Costs 0% QALY 0% Costs 3% QALY 3% Costs 5% QALY 5% 
Calculation basis: 13 – 15 
Inflow I 6,629 296,499 6,343 283,695 6,164 275,696 
Inflow II 160,070 7,117,204 72,039 3,203,641 48,818 2,171,269 
0% VACC  166,699 7,413,703 78,382 3,487,336 54,982 2,446,964 
Inflow I 6,617 296,906 6,331 284,082 6,153 276,069 
Inflow II 159,020 7,126,125 71,614 3,209,338 48,547 2,175,650 
100% VACC  165,637 7,423,031 77,945 3,493,420 54,699 2,451,719 
Intervention 
Vaccinated     0.8 132,510 5,938,424 62,356 2,794,736 43,760 1,961,375 
Unvaccinated     0.2 33,340 1,482,741 15,676 697,467 10,996 489,393 
SUBTOTAL  165,849 7,421,165 78,033 3,492,203 54,756 2,450,768 
VACC 120,000   568    568   568  
TOTAL  166,417  78,601  55,324  

Note: The table presents total costs (in millions) and QALY for Strategy 2, assuming 80% vaccine efficacy. It 
adjusts percentages of vaccinated and unvaccinated women based on 0% and 100% coverage rows. Vaccination 
costs are included. 
Source: Authors’ calculations based on data provided by UZIS. 
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