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Abstract:
This paper evaluates the cost-effectiveness of vaccinating women against human
papillomaviruses (HPV) in the Czech Republic, where HPV is the main cause of
most cervical carcinomas. It examines the cost-effectiveness of the current
reimbursement policy for HPV vaccination compared to the suggested change.
Using a homogeneous multistate Markov model, we approximate transitions among
states that represent the progression stages of cervical carcinoma, utilizing
healthcare reimbursement data from public health insurance. The analysis reveals
that increasing immunization coverage from 65.8% to 80% is cost-effective, given
the threshold of 1.2 million CZK per quality-adjusted life year. Similarly, expanding
the eligible age for vaccination reimbursement from 13 to include ages 13 through
15 years, while also increasing coverage, results in comparable cost-effectiveness.
Despite certain limitations, our findings suggest that enhancing the immunization
coverage of HPV vaccination for women is economically justified. Consequently, we
advocate for the implementation of the proposed policy modifications.

JEL: 111, 113, 118, C61
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1 Introduction

Cervical carcinoma is one of the most commonly diagnosed cancer diseases in women worldwide
(Ferlay et al., 2021). In the Czech Republic, approximately eight hundred women are diagnosed
with the disease annually, and about three hundred women die from it each year (Hejduk et al.,
2018). The majority of diagnosed cervical cancers are attributed to the Human Papillomavirus
(HPV) (Mohan, 2018; Serrano et al., 2015). Epidemiological data from the Global Cancer Obser-
vatory indicate that vaccination against HPV types typically associated with cervical carcinoma
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 vaccination against
HPV for thirteen-year-olds are fully reimbursed for both girls and boys. However, immunisa-
tion coverage in the Czech Republic is only at 65.8%, indicating that a significant portion of
eligible individuals have not been vaccinated, even though their vaccination would have been
reimbursed (Hejduk et al., 2018). Additionally, the average cost of treating female genital cancer
is approximately 30,000 CZK per patient per year (General Health Insurance Company of the
Czech Republic (VZP), 2020).

This study evaluates the cost-effectiveness of vaccinating women against human papillo-
mavirus (HPV) in the Czech Republic. It compares the cost-effectiveness of the current reim-
bursement policy for HPV vaccination to a proposed policy change. We suggests two strategies
to enhance vaccination coverage in the country. The first strategy involves increasing vaccina-
tion coverage through a promotional campaign under the 2021 reimbursement conditions. The
second strategy extends reimbursement for vaccination to the age group of thirteen to fifteen-
year-old females, concurrently aiming to boost vaccination coverage. To analyze these strategies,
we developed a multi-state Markov model that simulates transitions 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. The findings corroborate the existing literature,
highlighting the significance and efficacy of such interventions in preventing cervical cancer.

It is essential to recognize that 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 adjust-



ment has since expanded this coverage to include those aged 11 to 15. This significant change in
vaccination policy is indicative of evolving strategies designed to improve public health outcomes.
Crucially, the extended age range for vaccination is consistent with the policy modifications sug-
gested by our findings, demonstrating the strategic alignment of our analysis with public health
objectives. The insights provided by this analysis are vital for comprehending the effectiveness of
vaccination strategies and could be invaluable for countries with similar vaccination frameworks
and disease profiles.

The paper is structured as follows. Section 2 addresses the vaccination against HPV, in-
cluding a description of the current state of vaccination in the Czech Republic, the status of
vaccination in other countries, and a literature review of conducted cost-effectiveness analyses
of HPV vaccination. Section 3 defines 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 5 describes the modelling process, proposed strategies, and results.

Finally, Section 6 summarises the study.

2 Literature review

Vaccination against human papillomavirus has been a pivotal prevention program over the past
decade (Albright & Ondrus, 2021a). Complete vaccination not only prevents cancers but also
pre-cancerous changes. The vaccines, containing non-infectious viral proteins, stimulate the im-
mune system to produce antibodies. Consequently, if exposed to the virus later, the immune
system is better equipped to suppress the infection. The greatest efficacy is achieved by vacci-
nating both girls and boys before the onset of sexual activity, thereby reducing the likelihood
of HPV exposure. However, receiving the vaccine after becoming sexually active 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 thirteen. The reimbursement applies from the time a girl turns thirteen
until she reaches fourteen. Further, an amendment in Act no. 290/2017, effective August 2017,
expanded this coverage to include boys, funded by public health insurance (Hejduk et al., 2018).
In 2017, the immunization coverage rate — the ratio of vaccinated female patients to the total
population eligible — for those initiating vaccination at the age of thirteen was 65.8% across the
Czech Republic. Nevertheless, this rate varied by region, ranging from 51.5% to 82.7%. These
percentages reflect only those women who met the age criteria for vaccination reimbursement

under public health insurance (Hejduk et al., 2018).



Three medical products were utilized for HPV vaccination in 2021, with their protective
scope determined by the number of HPV types they guard against (Albright & Ondrus, 2021b).
Table 1 provides a detailed overview of the vaccines available in 2021. As outlined in Table 1,
the maximum reimbursement from public health insurance covers the cost of the least expensive
medical product. The prices and surcharges listed in Table 1 correspond to one dose of the
vaccine only. The required number of doses for complete immunization varies with the age
at which vaccination commences. CERVARIX may be administered according to a two-dose
regimen if the first dose is given between the ages of nine and fourteen. For those first vaccinated
at the age of fifteen or older, a three-dose schedule is necessary (State Institute for Drug Control

(SUKL), 2021).

Table 1: Overview of vaccines available in the Czech Republic

Vaccine HPYV types protection selling price reimbursement patient surcharge
[CZK] [CZK] [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, 4,032.63 1,765.79 2,266.84
58

Note: The table displays an overview of vaccines available in the Czech Republic, their characteristics,
prices, and reimbursement. Data source: State Institute for Drug Control (SUKL) (2021), HPV = human
papillomavirus.

Regarding GARDASIL and GARDASIL 9, a two-dose schedule is adequate for individuals
receiving their first dose between nine and thirteen years of age. If vaccination begins at the age
of fourteen or later, three doses are required (State Institute for Drug Control (SUKL), 2021).

Patients in the Czech Republic have the option to select the vaccine type for their immuniza-
tion. The State Institute for Drug Control (SUKL) compiles and publishes summary information
on the availability of medicinal products, derived from the monthly reports of entities authorized
to distribute medicinal products in the Czech Republic, 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 vac-
cines. The data on supplies to distribution centers are not included. In 2019, GARDASIL was
the most commonly chosen vaccine; however, GARDASIL 9 became the most supplied in 2020.
Across both years, the fully reimbursed vaccine, CERVARIX, accounted for approximately 15%
of the total (SUKL, 2020a, 2021a). In addition to the previously mentioned vaccination pro-
gram, nearly all health insurance funds in the Czech Republic provide supplementary vaccination

programs and offer financial contributions to support their patients (Table 2).



Figure 1: The number of vaccines supplied to medical doctors and pharmacies
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Note: The figure shows the number of vaccines supplied to medical doctors and pharmacies in the year
2019 and 2020. The supplied medical products are used to vaccinate both female and male patients, source
of the data: State Institute for Drug Control (SUKL) (2019, 2020a)

Table 2: HPV vaccination programmes and financial contributions insurance funds

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

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 displays HPV vaccination programmes and financial contributions in the maximum possible
amounts of Czech insurance funds in 2021.

According to European Centre for Disease Prevention and Control (ECDC) (2021), the
majority of countries within the European Union and the European Economic Area have im-
plemented HPV vaccination programs that are recommended but not mandatory. This study
discusses the vaccination strategies, including catch-up programs, in selected European coun-
tries. Catch-up vaccination is defined as the administration of vaccine doses to individuals who
missed receiving them at the recommended age (National Cancer Institute (NCI), 2021).

In Austria, a non-mandatory vaccination is offered to both girls and boys aged ten to twelve.
Additionally, a catch-up program is available for individuals aged thirteen to thirty, although

national health system funding for the vaccination only extends up to the age of fifteen (European



Centre for Disease Prevention and Control (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-standardised
incidence 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 the 4.0 in the Czech Republic (Bruni et al., 2019), indicating that
the number of deaths due to cervical cancer is almost 2.4 times higher in the Czech Republic.
It is noteworthy that the immunization programs in both the Czech Republic and Austria were
initiated relatively recently, in 2012 and 2014, respectively. A significant difference between the
two countries is the implementation of national screening programs: Austria implemented its
screening program in 1974, whereas the Czech Republic did so in 2009 (Duskova et al., 2014;
Austrian Institute for Health Technology Assessment, 2018).

In Germany, a gender-neutral immunisation program is available for individuals aged nine to
fourteen years, complemented by a catch-up program for females up to seventeen years of age.
Estimates from 2018 indicate that the incidence of newly diagnosed cases per 100,000 women
stands at 7.5, with the age-standardised 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 program for females at the age of twelve (European
Centre for Disease Prevention and Control (ECDC), 2021), likely in response to a cervical cancer
incidence rate of 25.0 cases per 100,000 women (Bruni et al., 2019). It is important to note that
vaccination strategies and catch-up programs are subject to annual revisions. The true impact
of these immunisation programs will become clearer once the vaccinated population reaches the
age at which cervical carcinoma is typically diagnosed.

Selected literature on the cost-effectiveness of HPV vaccination and cervical cancer preven-
tion in Europe is examined. Westra et al. (2011) focused on the vaccination of women in the
Netherlands, analyzing both health-economic and clinical impacts for women aged twelve to
fifty across one-year age cohorts. A Markov transition model was employed to analyze transi-
tions among stages, including HPV susceptibility, HPV infection, pre-cancer, cancer, and cancer
mortality. Findings indicate that vaccinating women against HPV is highly cost-effective for
those aged twelve to sixteen. Notably, as the age of vaccine recipients increases to twenty-five
years, the cost-effectiveness decreases only gradually, suggesting significant health benefits at
reasonable costs. However, the cost-effectiveness of vaccinating women older than twenty-five
diminishes rapidly. It is concluded that vaccination 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 admin-



istering the HPV vaccine to Belgian women both before and after the onset of sexual activity.
This analysis utilized a previously published, multiple-stage Markov model designed to simulate
the lifetime trajectory of a cohort of women. This model accounts for the natural progression of
HPYV infection, the impact of regular screening, and the benefits of HPV vaccination (Debicki
et al., 2008). The primary scenario considered in this study involves the vaccination of twelve-
year-old girls, supplemented by a catch-up program. Findings from the study indicate that
the use of the bivalent HPV-16/18 vaccine, in conjunction with screening, significantly reduces
the incidence of cervical cancer in Belgium when provided to women post-sexual debut. The
research concludes that the bivalent HPV-16/18 vaccine remains a cost-effective intervention for
women aged up to 33 to 40 years.

In the research conducted by Favato et al. (2012), a health economic evaluation of strategies
for preventing HPV-related diseases in Italy is presented, employing 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 vaccinating cohorts of women aged twelve and sixteen, as well
as an expanded multi-cohort scenario that additionally encompasses age groups of eighteen
and twenty-five, are deemed cost-effective. It is noteworthy that more recent studies focusing
on vaccinating older women and employing Markov chain methodology have been primarily

conducted in Asian countries.

3 Methodology

3.1 Survival analysis - Markov chains

Markov models are extensively utilized in health economic modeling to evaluate the cost-
effectiveness of healthcare strategies and guide public policy decisions (Russell, 1996). They
are particularly effective for analyzing processes with inherent uncertainties over time. These
models are well-suited for scenarios where the timing and recurrence of events are critical, mak-
ing them ideal for assessing strategies that are sequential or repetitive in nature (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 identified as a first-order Markov process if, for
any sequence tg < t; < --- < tp, the conditional probability distribution of X (t,), given the
values of X (to), X(t1),..., X (tn—1), relies solely on X(¢,—1). This principle, articulated in the

equation below, suggests that the future state depends only on the current state and not on the



sequence of events that preceded it.

P[X(tn) S Xn ’ X(tn_l) = Tp—1, X(tn_Q) = Tp—2y «ery X(to) = wo] (1)

= P[X(tn) < | X(tn—l) = xn—l]
Markov chains are employed to model transitions over time among states that represent
different health statuses. The discrete-time process denoted by X,k =0,1,2,... qualifies as
a homogeneous Markov chain if, for any indices ¢,j and any time step k > 0, the following

condition is satisfied:
P[Xk:] ’Xk:—l :i,Xk_QZTL,...,XO:m] :P[Xk:]|Xk_1 :Z] = Pij (2)

The quantity p;; represents the state transition probability in a Markov process, which is
notable for its time independence. This implies that the probability p;; for transitioning from
state ¢ at time k — 1 to state j at time k remains constant, irrespective of time. Therefore, the
future state of the Markov process, given its current state, does not depend on its past history.
This characteristic is known as the Markov property (Filipovic-Pierucci et al., 2017; Ibe, 2013).

The state transition probability p;; in a homogeneous Markov chain exhibits two primary

properties:

1. The probability p;; is confined to the interval between zero and one, expressed as:

0<py; <1

2. The sum of the probabilities of transitioning from state ¢ to all other possible states j
equals one, as each state ¢ must transition to some state j in the next time step. This is

represented by:

Zpij,i:l,z...n
J

These principles, derived from the conditions that states are mutually exclusive and collec-
tively exhaustive, underscore the foundational logic of Markov chain models in analyzing

transitions over time.

The state transition probabilities between different states can be succinctly represented by
a state transition probability matrix, denoted as P. This matrix P consists of n rows and n
columns, where each entry p;;, located at the intersection of the i-th row and j-th column,

signifies the probability of transitioning from state ¢ to state j. The requirement that the sum



of all entries in any given row must equal one reflects 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.

P11 P12 - Pin
P21 P22 - DP2n

(3)
_pnl Pn2 - pnn_

Assuming a finite Markov chain, the state transition probability at the n-th step, denoted
as pj;j(n), represents the probability of the system transitioning to state j after n steps, given
that it is currently in state 7. This probability, p;;(n), is determined according to the specific

dynamics of the Markov process and is defined in the equation presented below.

pij(n) = P[Xm+n =J | Xm = Z] (4)

Additionally, the probability p;;(n) can be determined for all possible combinations of 7 and
j. Through this approach, it is feasible to construct an N-state Markov chain matrix P™, which
encompasses all probabilities p;j(n). Each entry p;;(n), located at the intersection of the i-th
row and j-th column within the matrix P™, represents the probability of transitioning from state
i to state j after n steps. The matrix P is derived by raising the initial transition matrix P to

the n-th power, effectively multiplying P by itself n times.

pn(n) plz(n) T plN(n)
pzl(n) p22(n) T pzN(n) (5)
pni(n) pN2(n) - pun(n))

A Markov chain is characterized by various types of states. A state j is considered accessible
or reachable from state 7 if there exists some n > 0 such that the transition probability p;;(n) > 0.
Accessibility implies the potential of eventually transitioning into the state. When two states
are mutually accessible, they are described as communicating 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 absorbing or trapping state if, once reached, the process cannot transition to
any other state j, which means p;; = 0 for every j # i. Consequently, for an absorbing state,
the probability of remaining in state ¢, p;; = 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).

Figure 2: Graphical representation of Markov model
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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

Figure 2 presents a graphical illustration of the developed model, featuring four mutually
exclusive and collectively exhaustive states: H (Healthy), N87 (Cervical Dysplasia), C53 (Cer-
vical Carcinoma), and D (Death). These states are delineated based on the diagnoses reported
for the corresponding 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 cervical 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:

e H (Healthy) denotes the state of women who, in a given cycle, were not diagnosed 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.

10



e N87 (Cervical Neoplasia, Precancerous State) identifies women diagnosed with cervical
dysplasia, coded as N87, during a specific cycle. This state represents the precancerous

stage of cervical disease.

e (53 (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.

e D (Dead) 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.

3.2 Cost-effectiveness analysis

Cost-effectiveness analysis is a critical method employed for economic evaluation 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 Incremental Cost-Effectiveness Ratio (ICER) is utilized:

Ca—Cp AC
Eis—Ep AE

ICER = (6)

In this context, C'4 and E 4 denote the costs and effects of intervention A, respectively, while
Cp and Ep 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 associated with those years:
QUALY =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 & Sacristan, 2003; Whitehead &
Ali, 2010; Komorowski & Raffa, 2016).

To determine the cost-effectiveness of an intervention, a cost-effectiveness threshold is re-

quired. In line with the decision-making practices of SUKL, a threshold of 1.2 million CZK

11



per QALY is generally considered acceptable for assessing cost-effectiveness (State Institute for

Drug Control (SUKL), 2020b).

4 Data

4.1 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 categorized 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, encompassing the probability of mortality. Further details about the requested data are
available in Appendix A.

The data provider, UZIS, highlighted limitations due to the reliance on patient identifica-
tion from health care reimbursement reports within the public health insurance system. This
dataset is not derived from a clinical database, and it excludes cases not covered by public
health insurance. When comparing the provided data with official statistics on the incidence,
prevalence, and mortality rates of cervical carcinoma in the Czech Republic, discrepancies were
noted. 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 implications of the current situation versus the proposed change. Therefore, the data
on actual reimbursed costs are deemed representative for this purpose. Table 3 and Table 4

present the derived transition matrices for unvaccinated and vaccinated women, respectively.

4.2 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 literature. The state N87, representing 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

12



Table 3: Transition matrix for 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

Table 4: Transition matrix for vaccinated

H N8&7 C5h3 D

H 0.9884 0.0015 0.0001 0.0100
N87 0.5510  0.4450 0.0020 0.0020
C5h3 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

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 0.6, 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 incongruity 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.

4.3 Costs of vaccination and vaccine efficacy

For this analysis, the vaccination costs encompass solely the direct health-care-related expenses,
including the costs of medical products and their administration. These costs vary depending on
the age at which vaccination is initiated. The total vaccination costs are calculated by summing
the costs of the medical products and the 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 examination conducted by a medical
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doctor. These costs are determined in accordance with 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. This latter
regulation specifies the point values, payment amounts for reimbursed services, and regulatory

limits for the year 2021. Table 5 outlines the total vaccination costs for both two- and three-dose

schedules.
Table 5: 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 displays the decomposition of costs associated with vaccination. Data
source: Ministry of Health, CR (2019, 2020); State Institute for Drug Control (SUKL)
(2021). Point values of application of the vaccine and general examination are 138 and
89 points respectively. The value of a point is 1.16 CZK (Ministry of Health, CR, 2019,
2020).

Vaccine efficacy against the precancerous stage is derived from the summary of product char-
acteristics for each vaccine, as published by State Institute for Drug Control (SUKL) (2021).
The reported efficacy of vaccines against precancerous stages varies between 78% and 100%,
encompassing data from all three vaccines. Due to the extended period required for the devel-
opment of cervical carcinoma, efficacy data against the cancerous stage are not yet available.
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 the purposes of
this analysis, we have assumed a vaccine efficacy of 90%. Additionally, a sensitivity analysis is

conducted using an efficacy rate of 80% to assess potential variations in outcomes.

4.4 Costs assigned to the specific states

The costs associated with specific health states are derived from the 2019 Yearbook of VZP,
which covered nearly 6 million insured individuals in 2019, accounting for about 60% of the
insured 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 determined based on the median of the average total

annual healthcare expenses for five-year age groups, ranging from ten to fourteen years to eighty
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to eighty-four 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, as
reported in the 2019 Yearbook, to the costs for the H state, 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 Czech Republic (VZP), 2020). Table 6 provides a summary of the average total annual
costs for each state, the potential transitions among states, and the health-related quality of life

(HRQoL) values assigned to each.

Table 6: 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 displays the states, possible transitions among them, assigned Health-related quality of life,
and average total annual costs. The costs are per cycle and person. Data source: General Health Insurance
Company of the Czech Republic (VZP) (2020); Elbasha et al. (2007); Boiron et al. (2016), H = healthy, N87 =
precancerous state, C53 = cancerous state, D = dead.

The total costs assigned to states N87 (precancerous condition) and C53 (cervical carcinoma)
may not fully encapsulate the expenses associated with 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 in comparison to the
total number of women insured by VZP. Additionally, the presented costs are not for individual
diagnoses but rather for a broader group of related diagnoses. Despite this, it is posited that 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 purposes of the analysis.

5 Results

5.1 Modelling process

To conduct a cost-effectiveness analysis, the costs and benefits of various vaccination strate-
gies are calculated. The Incremental Cost-Effectiveness Ratio is utilized to evaluate the cost-

effectiveness of each alternative relative to the current approach. Benefits are quantified by
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multiplying the length of survival by the Health-Related Quality of Life, with survival duration
derived from transition analysis. This analysis provides detailed insights into the duration of
persistence in each health state, which, in turn, informs the cost calculations for these states.
Assumptions regarding the costs associated with each state are detailed in Table 6.

In the proposed model, the cohort comprises thirteen-year-old girls who initially occupy the
healthy state (H), reflecting the age at which health insurance companies in the Czech Republic
fully reimburse 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 (Czech
Statistical Office (CSU), 2020b), subtracting the entry age of thirteen. 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, two state-transition matrices are required. The
matrix for unvaccinated women is derived from data supplied by UZIS, capturing state tran-
sitions 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 vacci-
nated 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 is adjusted
by reducing the probability of transitioning from state H to states N87 and C53 by 90%, re-
flecting 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. These matrices depict the life-long
transition probabilities for a cohort of women, tracking their movement among the states over
68 cycles, equivalent to years. The transition matrices for unvaccinated and vaccinated women
are detailed in Table 3 and Table 4, respectively.

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 multiplied by the respective HRQoL scores, resulting in QALY as the
measure of effect. The total costs are subsequently 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
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Markov models for health economic evaluations (Filipovic-Pierucci et al., 2017).

5.2 Proposed strategies

This subchapter outlines two vaccination strategies devised by the author to enhance HPV
immunization coverage.

Strategy 1 aims to increase the vaccination rate among thirteen-year-olds from the current
65.8% (Hejduk et al., 2018) to 80%. The calculation of costs and QALY 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 boost
in vaccination rates is attributed to a promotional campaign, estimated to cost 100,000,000 CZK.
This figure is considered a high estimate for an HPV vaccination campaign, but it emphasizes the
need for ongoing efforts to sustain increased coverage. The actual campaign costs are expected
to be lower.

Strategy 2 suggests extending vaccination to include women aged thirteen to fifteen and
aims to achieve a vaccination coverage of 80%. Unlike the first strategy, this approach neces-
sitates 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 cy-
cles, simulating a scenario where only thirteen-year-olds receive vaccination. This reflects the
current practice. The costs include immediate 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 thirteen-, fourteen-, and fifteen-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. Given the larger target group, the campaign’s budget is set at
300,000,000 CZK, mirroring the cost for addressing a single age cohort but on a larger scale.

This amount signifies the cost ceiling, with actual expenditures likely to be lower.

5.3 Cost-effectiveness results

Table 7 presents the ICER calculations for the first strategy, applying various discount rates to
both costs and QALYs. As indicated in Table 7, Panel A, the ICER values fall below the cost-
effectiveness threshold of 1.2 million CZK/QALY, marking the intervention as cost-effective
with an ICER of 327,868 CZK/QALY using a 3% discount rate. Notably, the intervention
remains cost-effective under alternative discount rates of 0% and 5%, chosen for sensitivity
analysis in alignment with standard cost-effectiveness assessment methods (State Institute for

Drug Control (SUKL), 2020b). Given the established vaccine efficacy against precancerous
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stages, the analysis was reiterated under the assumption of an 80% vaccine efficacy. Table 7,
Panel B, demonstrates that the intervention retains its cost-effectiveness relative to the 1.2

million CZK/QALY threshold, even with reduced vaccine efficacy.

Table 7: ICER computation - Strategy 1

Discount rate 0% 3% 5%
Panel A: 90% vaccine efficacy

A C [CZK] 71,907,936 105,312,653 113,545,063

A QALY 487 321 252

ICER [CZK/QALY] 147,637 327,868 450,081
Panel B: 80% vaccine efficacy

A C [CZK] 78,368,191 107,979,623 115,277,062

A QALY 432 285 224

ICER [CZK/QALY] 181,483 379,073 515,435

Note: The table displays ICER, computation for 90% and 80% vaccine efficacy. The campaign costs
were added to the total costs of Strategy 1 and thus are included in the ICER calculation. C = costs,
QUALY = Quality-adjusted life year, ICER = Incremental cost-effectiveness ratio.

Strategy 2 also demonstrates cost-effectiveness in the base-case analysis, using a 3% dis-
count rate, with an ICER of 50,877 CZK/QALY. Table 8, 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 strate-
gies, we recommend a policy shift regarding HPV vaccination in the Czech Republic. Expanding
reimbursement for vaccination to include women aged thirteen to fifteen and/or enhancing vac-

cination coverage would yield significant health benefits.

6 Conclusion

This paper evaluates the cost-effectiveness of HPV vaccination for women in the Czech Republic,
where HPV is identified as the primary cause of the majority of cervical cancer cases. Albright
& Ondrus (2021a) highlights the significance of HPV vaccination as a pivotal global prevention
program over the past decade.To determine cost-effectiveness, we simulate the survival and
health state transitions of a cohort of women. A multistage homogeneous Markov model is
employed, delineating four health states: cervical precancerous condition, cervical cancer, death,

and healthy living without cancer or precancerous conditions. Assigned to each state are the
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Table 8: ICER computation - Strategy 2

Discount rate 0% 3% 5%
Panel A: 90% vaccine efficacy

A C [CZK] 306,156,596 696,091,339 795,551,553
A QALY 1,743 13,682 16,502
ICER [CZK/QALY] 175,688 50,877 48,209

Panel B: 80% vaccine efficacy

A C [CZK] 325,921,761 704,480,901 801,796,162
A QALY 1,571 13,564 16,383
ICER [CZK/QALY] 207,510 51,937 48,941

Note: The table displays ICER computation for 90% and 80% vaccine efficacy. The campaign costs
were added to the total costs of Strategy 2 and thus are included in the ICER calculation. C = costs,
QUALY = Quality-adjusted life year, ICER = Incremental cost-effectiveness ratio.

total average costs per cycle and the health-related quality of life values. Transition probabilities
between all possible states are calculated using data from UZIS. The outcomes of the model,
encompassing total costs and quality-adjusted life years (QALYSs), facilitate the calculation of
the incremental cost-effectiveness ratio (ICER).

The Incremental Cost-Effectiveness Ratio (ICER) serves as a comprehensive metric for eval-
uating the cost-effectiveness of a health intervention relative to the existing approach. In this
study, the author proposes two targeted strategies. The first strategy aims to enhance vacci-
nation coverage among thirteen-year-old girls, for whom vaccination costs are entirely covered
by health insurance. This increase in coverage is anticipated to be supported by a vaccina-
tion promotion campaign. The second strategy suggests extending vaccination coverage, with
full reimbursement, to include girls aged thirteen to fifteen, alongside a supportive vaccination
campaign. Both proposed strategies are deemed cost-effective when measured against the es-
tablished cost-effectiveness threshold of 1.2 million CZK/QALY, aligning with findings from the
existing literature.

While the findings align with existing literature, the analysis encounters several limitations.
Firstly, challenges were faced in acquiring the necessary data. The information sourced from the
NZIS does not accurately capture the epidemiology of cervical cancer and cervical precancerous
conditions. A more detailed modeling of transitions among states would benefit from clinical
data. Furthermore, the absence of certain cost data could have enhanced the precision of the
analysis. Despite these discrepancies, the data are considered representative for assessing the
financial impact of the current situation versus the proposed change, focusing mainly on cost-

related outcomes. Secondly, the analysis does not account for the decline in Health-Related
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Quality of Life following the disease’s resolution. A critical assumption is that a woman free from
either the precancerous or cancerous stages of cervical carcinoma possesses an HRQoL equivalent
to perfect health. Consequently, preventing the disease would also prevent a significant drop in
HRQoL. However, in reality, the prevented decrease in HRQoL would likely not be as substantial.
The third and potentially most consequential limitation of this study is that, until January 1,
2024, HPV vaccination coverage in the Czech Republic was confined to individuals aged 13. A
recent policy alteration has expanded this coverage to include ages 11 to 15. This significant
shift in vaccination policy reflects evolving strategies aimed at improving public health outcomes.
Notably, the expanded age range for vaccination aligns with the proposed policy change based
on the findings of our analysis.

In conclusion, despite encountering challenges in acquiring precise epidemiological and clini-
cal data and the assumptions concerning Health-Related Quality of Life changes, this study pro-
vides meaningful contributions and tackles an essential issue. Evaluating the cost-effectiveness
of HPV vaccination for women in the Czech Republic illuminates the possible advantages of
various vaccination strategies and lays the groundwork for policy advice. It’s important to ac-
knowledge that this analysis utilizes data collected before the most recent policy amendments,
offering insights into the cost-effectiveness landscape under the former vaccination reimburse-
ment scheme.The analysis remains crucial for understanding the efficacy of vaccination strategies
and may offer valuable insights for policymakers and, notably, may be applicable to other na-
tions confronting similar public health dilemmas. This research serves as a valuable resource for
guiding informed decisions in public health policy, particularly in the domain of cervical cancer

prevention.
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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.

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

e The number of women from 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.)

e The number of women from part 1., who did not have a reported diagnosis of either

(C53 or N&7 in 2019 and did not die in 2019.

e The number of women from part 1., who died in 2019.
FEach woman from 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.

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

e The number of women from 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.)

e The number of women from part 2., who did not have a reported diagnosis of either

(C53 or N&7 in 2019 and did not die in 2019.

e The number of women from part 2., who died in 2019.
Each woman from part 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.

24



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

e The number of women from 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.)

e The number of women from part 3., who did not have a reported diagnosis of either

(C53 or N&7 in 2019 and did not die in 2019.

e The number of women from part 3., who died in 2019.

Each woman from part 3., would thus fall into just one of the above sub-points.
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B Calculations of costs and QALY for strategy 1

Table 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: The table displays the calculation of total costs and QALY for strategy 1 as well as for the current
situation. The campaign costs were added when calculating the ICER and, thus are omitted here. 90%
vaccine efficacy was assumed. The percentages of vaccinated and unvaccinated women were calculated
proportionally according to the top part of the table representing 0% and 100% vaccination coverage. The
vaccination costs were added.
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Table 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 displays the calculation of total costs (in millions) and QALY for strategy 1 as well as
for the current situation. The campaign costs were added when calculating the ICER and, thus are not
included here. 80% vaccine efficacy was assumed. The percentages of vaccinated and unvaccinated women
were calculated proportionally according to the top part of the table representing 0% and 100% vaccination
coverage. The vaccination costs were added.
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C Calculations of costs and QALY for strategy 2

Table 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
Tnflow i 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 1 6,075 272,716 5,805 260,581 5,636 253,007
Inflow I 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 displays the calculation of total costs(in millions) and QALY for the current situation. 90%
vaccine efficacy was assumed. The percentages of vaccinated and unvaccinated women were calculated pro-
portionally according to the rows representing 0% and 100% vaccination coverage. The vaccination costs were

added.
Table C.2: Total costs and QALY for Strategy 2 assuming 90% vaccine efficacy
13- 15 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
Tnflow il 160,070 7,117,204 72,039 3,203,641 48,818 2,171,269
0% VACC 166,6995 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
Intervention
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 displays the calculation of total costs (in millions) and QALY for strategy 2. 90% vaccine
efficacy was assumed. The percentages of vaccinated and unvaccinated women were calculated proportionally
according to the rows representing 0% and 100% vaccination coverage. The vaccination costs were added.
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Table 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 11 160,601 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 1 6,076 272,677 5,806 260,544 5,636 253,007
Inflow 11 159,553 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 0.658 108,084 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 displays the calculation of total costs (in millions) and QALY for the current situation.
80% vaccine efficacy was assumed. The percentages of vaccinated and unvaccinated women were calculated
proportionally according to the rows representing 0% and 100% vaccination coverage. The vaccination costs

were added.

Table 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 11 160,070 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 11 159,020 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 displays the calculation of total costs (in millions) and QALY for strategy 2. 80% vaccine
efficacy was assumed. The percentages of vaccinated and unvaccinated women were calculated proportionally
according to the rows representing 0% and 100% vaccination coverage. The vaccination costs were added.
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