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Abstract
This thesis proposes an original method for assessing total costs of medical
treatment. It defines the semi-Markov model with four states that are associated with specific costs of the treatment, and not with patients’ health statuses.
This method is applied to individuals’ treatment data drawn from the Czech
clinical practice in the treatment of the metastatic HER2+ breast cancer.
The aim is to assess the cost-effectiveness of adding medication pertuzumab
to the combination of trastuzumab+docetaxel within first-line therapy and to
examine whether using individual data on Czech patients and the economic
conditions leads to different results from foreign studies. Furthermore, employing censored data from the clinical practice in the thesis complicates the
estimation of patients’ overall survival in comparison to clinical-trials data that
form random samples. Therefore, survival functions were not only estimated
by the Kaplan-Meier estimator but also using the Cox proportional hazard
model and the Accelerated failure time model that both control for the effects
of included covariates.
The addition of pertuzumab does not result in significantly longer patients’
survival based on the employed data. Since the treatment is associated with
higher costs, adding pertuzumab is not considered to be cost-effective. This
discrepancy from the results of the international clinical trial CLEOPATRA
could be attributed to dissimilar patients’ length of follow-up.
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Abstrakt
Diplomová práce popisuje původní metodu stanovení celkových nákladů na
lékařskou péči. Definuje semi-Markovův model se čtyřmi stavy, z nichž každý
je vázán na dané náklady léčby, nikoliv na zdravotní stav pacienta. Metoda je
využita na datech získaných o jednotlivých pacientech léčených v České republice s HER2+ metastatickou rakovinou prsu.
Cílem práce je zhodnotit, zda přidání léku pertuzumab ke kombinaci trastuzumab+docetaxel je nákladově efektivní v rámci první linie léčby. Dále posoudit,
zda využití dat o jednotlivých pacientech léčených v České republice vede v
místních ekonomických podmínkách ke stejným výsledkům jako v zahraničních
studiích. Ve srovnání s náhodnými vzorky pacientů z klinické studie představuje
využití cenzorovaných dat z klinické praxe komplikace při odhadu celkové doby
přežití. Z toho důvodu nebyl využit pouze Kaplan-Meierův odhad funkcí
přežití, ale i Coxův model proporcionálních rizik a model zrychleného času,
do kterých je možné zahrnout proměnné a tím zohlednit jejich vliv.
Z dostupných dat vyplývá, že přidání pertuzumabu nepřináší statisticky významné prodloužení doby přežití pacientů. Vzhledem k vyšším nákladům této
léčby nelze přidání pertuzumabu považovat za nákladově efektivní. Rozdílný
výsledek oproti mezinárodní klinické studii CLEOPATRA může být způsoben
odlišnou dobou sledování pacientů.
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Motivation The aim of this master’s thesis is to demonstrate the contribution of
Health technology assessment (HTA) when using appropriate data that is individualpatients data and economic conditions of a particular country while deciding on
drugs reimbursement. Health technology assessment is a research-based evaluation
of all available information relevant to use of a drug (or other health technologies)
aiming to affect administrative, clinical and political decision-makers. Conducting of
HTAs has been promoted since 1970s when interest in the economic aspects of health
technologies started to grow in reaction to a rapid growth of new medical technologies
and limited health budgets. Nevertheless, creating HTAs is not as common as one
would suppose since it is considered to be overly time- and money-consuming.
A health technology assessment will be conducted in this master’s thesis on case
study on breast carcinoma treatment in the Czech Republic; in particular, Perjeta is
the drug under examination. The State Institute for Drug Control (SIDC) represents
the main Czech authority in decision-making in the area of the amounts and conditions of reimbursements for medicinal products. The process of negotiations based on
pharmacoeconomic analyses is conducted in administrative procedures individually
for each medicinal product. It is reviewed in particular on the basis of safety, cost
efficiency, cost benefit, efficacy and budget impact.
Eligibility of Perjeta for state permanent reimbursement in the Czech Republic
will be examined using techniques of HTA with the aim to examine whether using
data on Czech patients and Czech health and economic conditions leads to significantly different results from studies using data on foreign patients and conditions.
These findings will lead to the conclusion whether conducting a demanding HTA
should become a standard for new drugs.
The HTA will be carried out in cooperation with the Second Faculty of Medicine
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of the Charles University that will provide expert medical consultations and access
to medical databases.
Breast cancer is the most common cancer in women worldwide and the second
most common cancer overall. In the Czech Republic, more than 6500 patients are
diagnosed with breast cancer yearly and the incidence rate is continuously growing.
The pharmaceutical industry has been successfully developing new drugs targeting
various carcinoma types, nevertheless these drugs are generally very expensive and
budget rationing has to come to the fore.
Perjeta (active substance pertuzumab) is a recently developed drug approved
for use for patients who have HER2-positive breast cancer (approximately 13% of
breast cancer patients in the Czech Republic) that has spread to different parts of
their body and who have not received anti-HER2 therapy or chemotherapy so far.
International clinical studies have been conducted demonstrating significant positive
effects on health status of the patients; however an agreement on its reimbursement
from statutory health insurance in the CR has not been reached yet between the
pharmaceutical company (F. Hoffmann-La Roche Ltd) on one hand and the Institute
and health insurance companies (HICs) on the other hand.
The last administrative procedure so far has started on May 12, 2017. Perjeta
as a highly innovative medicinal product has already been twice approved before
for temporary reimbursement for limited time periods, but has not been approved
for permanent reimbursement from social health insurance for the time being. As a
consequence, Perjeta is not currently prescribed for treatments in the Czech Republic.

Hypotheses
Hypothesis #1: Perjeta is cost-effective at stated willingness to pay (SIDC,
HICs) to be accepted for permanent reimbursement.
Hypothesis #2: The limits for permanent reimbursement set by the Institute
and insurance companies are not adequate in terms of Czech conditions.
Hypothesis #3: Using data on Czech patients and Czech health and economic
conditions for conducting HTAs leads to significantly different results in comparison to using only proxies from foreign studies.

Methodology Health technology assessment is a research-based evaluation of all
available information relevant to use of a drug (or other health technologies) aiming
to affect administrative, clinical and political decision-makers. It consists on one
hand of profound review of clinical studies, foreign HTAs, regulations of national
health care authorities and possibly other sources, and on the other hand consists
of an empirical research. Apart from clinical effectiveness, economic effectiveness is
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assessed based on available data on costs and benefits linked to the newly launched
drug.
Cost-effectiveness should be assessed based on direct costs, namely costs of doctor’s examination and diagnosing, pharmaceutical costs, costs of symptomatic treatment and treatment of undesirable effects, costs of hospitalization and costs of afterprogression treatment. Benefits of Perjeta (pertuzumab) have been demonstrated
by clinical studies in particular in combination with Herceptin (trastuzumab) and
chemotherapy (docetaxel). Thus, I will clarify the relationship between discounted
costs and consequences of use of the combination of pertuzumab, trastuzumab plus
docetaxel in comparison with currently used alternative for the first line of treatment,
a combination of trastuzumab plus docetaxel. Both these alternatives are used as
treatment for a patient until progression of the disease, unmanageable toxicity, or
death.
This usage-oriented pharmacoeconomic analysis employs cost-effectiveness analysis where consequences of the launched drug are assessed in natural units, e.g. years
of life gained. Rather than years of life gained another measurement unit that combines duration and quality of life is being promoted lately in health oriented research,
quality-adjusted life years (QALYs). Cost-utility analysis then differs from costeffectiveness analysis in that the consequences are measured in the form of QALYs.
Both these analyses will be conducted in this HTA.
Empirical analysis using econometric tools will employ clinical data on Czech
patients treated by pertuzumab obtained both from the Czech National Cancer Registry, Czech Society for Oncology and directly from oncology centres (to date over
200 patients treated by Perjeta in the Czech Republic). Some data, especially on
QALYs, will be taken from foreign studies. Markov model evaluating the cost effectiveness through transition probabilities will be employed using data on patients’
health states (stable disease, progressing disease and death). Flows of patients between these three states will be quantified together with transition probabilities.
Cost-effectiveness will be given by incremental cost-effectiveness ratio as a commonly acknowledged measure representing the average incremental cost associated
with an additional unit of the measure of effect. The results will be verified both
by deterministic and probabilistic sensitivity analyses probing the effects of uncertainty in the assumptions about treatment costs and utilities. Budget impact of the
reimbursement for health insurance companies will then be estimated and compared
with current state of non-reimbursement.

Expected Contribution This applied microeconomic research of clinically effective drug Perjeta is expected to have a direct impact on admission of this drug for
permanent reimbursement from statutory health insurance in the CR. It will broaden
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the small number of health technology assessments that are being done in the Czech
Republic with data on Czech patients. The value added of health technology assessments with data on Czech patients in general will be assessed in contrast to mere
adopting of foreign results that represents a common practice today.

Outline
1. Motivation: I will assess the value added of health technology assessments with
data on Czech patients in contrast to adopting of foreign results. I will conduct
a usage-oriented pharmacoeconomic analysis aiming to affect administrative,
clinical and political decision-makers.
2. Literature review: I will present the most influencing studies on breast carcinoma treatment and foreign HTAs with their methods and results.
3. Data: I will summarize obtained data on Czech patients and Czech health and
economic conditions and present basic statistics.
4. Methods: I will explain and employ methods used in HTAs, including costeffectiveness and cost-utility analysis verifying the results using sensitivity
analysis.
5. Results: I will discuss the results and compare these results with other studies.
6. Concluding remarks: I will summarize my findings and their implications for
policy decisions and future research.
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Chapter 1
Introduction
Health technology assessments have been promoted since the 1970s when interest in the economic aspects of health technologies started to grow in reaction to
rapid growth of new medical technologies and limited health budgets (VelascoGarrido & Busse, 2005). These assessments ordinarily consist of an analysis
assessing the effectiveness of the incurred costs. This requires an evaluation of
the benefits arisen from using the medical technology alongside the costs.
A decision on what benefits and especially what costs are included is based
on the chosen perspective of the analysis. In the Czech Republic, the perspective of the health care payer (health insurance companies) is promoted when
requesting reimbursement of the technology. Accordingly, only direct costs expended from the health budgets are considered in the following analysis.
The aim of this thesis is to examine whether using individual data on Czech
patients and the economic conditions leads to different results than studies
done on the respective data from foreign patients. These results from foreign
studies are commonly adopted by commercial entities, mostly pharmaceutical
companies or other subject conducting analyses of clinical/cost-effectiveness,
e.g. Durkee et al. (2016), Cortés et al. (2013), and Roche (2017). One of the
reasons for this adoption is that they are not provided individual data from
clinical registers.
A case study on metastatic HER2+ breast carcinoma treatment is conducted in this thesis using data from the Czech clinical practice. The analysis
compares patients’ overall survival between two treatment arms and the associated costs: first, pertuzumab arm, where patients are treated in their first-line
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therapy with the combination pertuzumab+trastuzumab+docetaxel; second,
trastuzumab arm, where patients are treated in their first-line with the combination trastuzumab+docetaxel. The trastuzumab arm is the comparator in
this study, or else the control group.
Pertuzumab (distributed under the trademark Perjeta® ) is a so-called highly innovative medicinal product that has been first approved in the Czech Republic
only for temporary reimbursement from social health insurance, since February
2014 until February 2017. In January 2018, it has been approved for permanent
reimbursement based on favourable results in the cost-effectiveness and budgetimpact analyses submitted by the pharmaceutical company F. Hoffmann-La
Roche AG. These were conducted based on data from the international clinical
trial CLEOPATRA sponsored by the manufacturer (Swain et al., 2015).
Meeting of the expected merits of adding pertuzumab to the combination of
trastuzumab+docetaxel will be assessed in this thesis based on the individualpatients data from the clinical practice of the Czech Republic.
The data provided from the BREAST register consists of 274 patients who
started first-line treatment with pertuzumab before January 8, 2018. The
dataset of the trastuzumab arm consists of 254 patients whose first administration falls within the same time period. The data follows the patients also
after termination of the first-line therapy with the pertuzumab or trastuzumab
combination, in their higher-line treatment and until death.
Mean patients’ follow-up in the data is 20 months. Around 77% of the patients
are alive at the end of the study, these are called to be ‘censored’. Overall
survival of these patients is unknown and has to be estimated.
Employing the censored data from the clinical practice complicates the estimation of patients’ overall survival defined as the time period from the first
administration of the first-line treatment to death. Whereas the Kaplan-Meier
estimator is commonly used as the sole model with clinical-trial data that form
random samples, here, the Cox proportional hazard model and the Accelerated failure time model had to be used as well. Since the patients’ data were
drawn from the clinical practice it cannot be assumed they form random samples. These models both control for the effects of included covariates, i.e. for
patients’ characteristics at the time of diagnosis and at the beginning of the
first-line treatment. Overall survival time is then adjusted for the quality of
life and presented in terms of quality-adjusted life years.
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Associated costs depend mainly on the administered medication and length of
this administration. To estimate the length (both for first-line and higher-line
therapy) the semi-Markov model was developed. The author defined four states
in the model, each associated with the administration of a specific medication
and therefore with different costs: studied medication, no medication, subsequent medication, and death. This approach to states definition in a transition
analysis is a proposed alternative to the commonly used states based on patients’ health statuses, e.g. Boruvka & Cook (2016), Castelli et al. (2007), or
Williams et al. (2017b).
Including the ‘no medication’ state yields more precise estimates of costs, as
within these periods patients are not administered any medication and costs
are minimal. The state ‘studied medication’ represents administration of the
studied medication (pertuzumab/trastuzumab) within the first-line treatment
in the respective treatment arm. More attention was paid to this state; to
estimate mean length of staying in this state and whether differences between
the two treatment arms are statistically significant.
Conclusions based on the results of this analysis are different from the international clinical trial where significant improvement in overall survival was
identified with pertuzumab. Nevertheless, this discrepancy could be attributed
to the short median patients’ follow-up of only 20 months in the pertuzumab
arm and only 15.5 in the trastuzumab arm in this analysis, opposed to the
median follow-up of 50 months in the clinical trial.
Structure of the thesis is lucidly summarized in Contents. Chapters 2−4
consist of a literature review. Importantly, Chapter 3 broadens the limited
number of English-written materials focusing on Czech regulation of prices
and reimbursement of pharmaceuticals. The following chapters then contain
employed methods and author’s own computations. Several appendices are further attached containing an additional description of health-economic analysis,
HER2+ treatment details, data statistics and supplementary results.

Chapter 2
Health technology assessment
Health Technology Assessment (HTA) is a research-based evaluation of the
properties, effects, and impacts of a health technology or an intervention (medical devices, pharmaceuticals, procedures, diagnostic techniques, health services,
public health interventions, etc.). HTA provides the administrative-, clinicaland political decision makers a foundation illustrating all relevant consequences
of their decision.
It is not uniformly defined how to conduct and what to include into a health
technology assessment. The World Health Organization (WHO) issues guidelines and recommendations on HTA methodology. Nevertheless, for the purpose
of reimbursement and pricing, HTA should follow the primary rules and guidelines of national bodies (Kristensen & Sigmund, 2008; WHO et al., 2011).
There are many aspects that have to be taken into account while conducting
HTA. Both the perspective and time horizon of the assessment have fundamental influence on the content and conclusions of the assessment. The perspective
of the assessment determines what costs will be included in the economic evaluations, e.g. only of a hospital, a health insurance company, the whole health
care sector, or the most extensive perspective of the whole society (including
costs arising to the patients and their families) (Kristensen & Sigmund, 2008;
NICE, 2013; WHO et al., 2015).
It is generally recommended to include effects and impacts of the intervention
on the whole society. A narrower perspective of only the health care sector
risks failing to recognise the optimal intervention for the society by not including costs expended from non-health budgets. For example, early discharge from
a hospital decreases expenses from the hospital’s budget; on the other hand,
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it may transfer the burden of home care on the patient’s family. Moreover,
implementing a new technology may induce higher (short-term) expenses from
health budgets. These, however, may be outweighed by cost savings elsewhere,
possibly in the future (Kristensen & Sigmund, 2008; WHO et al., 2011).
Ordinarily, an economic evaluation is included into HTA, as well as an
evaluation of the quality of life. Data analyses build, inter alia, on clinicalstudies data verifying clinical safety as well as comparing effects of the assessed
technology and its alternatives/comparators. A systematic literature review
assessing available research forms an indivisible part of every HTA. See Section
2.3 for a short summary of HTA application.

2.1

Economic evaluation

To conclude whether a proposed technology is cost-effective in comparison to
another technology (usually the currently used technology) both the total costs
(C) and total effects (E) of these two technologies have to be compared. If there
is a clear dominance, that is one technology yields better outcomes while inducing no-greater costs, this technology with lower costs per unit of effect (C1 /E1 ,
for technology 1) should be adopted since it is cost-effective.
When there is no clear dominance, that is one technology yields better outcomes, but at the same time is associated with greater costs, it must be considered whether the difference in outcomes is worth the extra costs. The closer
the incremental cost-effectiveness ratio (ICER) showed in Equation 2.1 is to
zero the more cost-effective the technology 1 is.
The normalized ICER can assist in policy making too when compared with
determined willingness-to-pay. If the resulting ICER is lower than the determined willingness-to-pay, this method will suggest implementing the technology
1. More on cost-effectiveness thresholds can be found in Section 3.2.
ICER =

C1 − C2
E1 − E2

(2.1)

The costs associated with the use of a health technology are always valued in
monetary terms. On the other hand, assessment and valuation of the effects,
i.e. health gains/losses from the employment of the health technology, differ
across the following types of analyses of effectiveness (Kristensen & Sigmund,
2008; WHO et al., 2011).
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There are five basic types of analyses relevant for HTAs: cost-minimization,
cost-benefit, cost-consequences, cost-effectiveness, and cost-utility analysis. The
last two are most frequently used in resource allocation decisions in the health
care sector. See Appendix A for further characterization of these analyses and
also frequently used budget-impact analyses.
The outcomes in a cost-effectiveness analysis are expressed in natural units,
e.g. life years gained, cancer cases detected or heart attacks avoided, etc.; the
outcomes in a cost-utility analysis are usually measured in terms of qualityadjusted life years (QALYs) as a common measure combining duration and
the quality of life. See Section 2.2 for QALY computation (EUnetHTA, 2016;
Kristensen & Sigmund, 2008).

2.2

Quality of life

Measuring life years (LYs) gained in cost-effectiveness analyses is relatively easy
and transparent method of assessing the effects of technologies, since it requires
only a few decisions to be made by the researcher. It considers only two states
of health, i.e. living and death.
It is calculated as the time lived after an averted death, or else as remaining life
expectancy. Hence, the value of LYs gained is related to mortality. Averting
death of a young person is then expected to yield a higher value of LYs than
for an elderly person; more weight is thus placed on younger people.
Yet, this measure completely fails to recognize the quality of those years. Treatments or interventions that are improving health status but not directly averting death are not comparable in terms of the LYs measure with treatments that
are directly targeting averting the fatal condition (Robberstad, 2005).
Assuming that health technologies can influence both length of the remaining life (mortality) and quality of the remaining life (morbidity), the qualityadjusted life years (QALY) measure was developed to be able to assess any
intervention targeting one of these (Kristensen & Sigmund, 2008).
In order to derive quality-adjusted life years, the duration of a health state
has to be weighted by the corresponding perceived health-related quality of life
(HRQoL) (Robberstad, 2005).
HRQoL represents utilities or preferences for different health states so it takes
on higher values for the preferred more desirable health states. HRQoL is
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scaled to range ordinarily1 between 0 indicating death and 1 indicating utility
associated with full health. It usually decreases over time as the patient draws
to an end of her life (Whitehead & Ali, 2010).
These utilities have to be treated as cardinal utilities, so the change of HRQoL
from 0.9 to 0.8 equals the change from 0.4 to 0.3. This assumption is necessary
for summing and averaging QALYs over the population (or the study group).
Several methods for revealing individuals’ preferences and consequently for deriving HRQoL weights can be found in Appendix B. These are based either
on a choice that people make (time trade-off, standard gamble) or standardized questionnaires asking to assess a health state (EuroQol, 2017; Robberstad,
2005; Whitehead & Ali, 2010).
The commonly used measure, disability-adjusted life years (DALY), represents
the overall disease burden. It can be interpreted as ‘lost QALYs’, as the resulting QALYs and DALYs for an individual should sum up to life expectancy as
illustrated in Figure B.1 (Robberstad, 2005).

2.2.1

Ethical issues behind evaluation of the quality of life

The process of extracting health-related quality of life poses several questions:
what method should be chosen, who should value health (selection of respondent groups), when exactly should the evaluation take place and how often.
Some of the methods and their differences are described in Appendix B. The
respondents’ group could comprise of either patients or population sample or
possibly of expert health professionals (Brock, 2004). The patients on one hand
know better their health state, but on the other hand, could overemphasize the
distress resulting from their disease and strategically overestimate the new technology’s benefits (Whitehead & Ali, 2010). Subconscious overestimation can
result from the current health state of individual patients that could change
from one day to another.
While deriving the resulting QALYs from individual QALYs either arithmetic average or weighted average can be used. Standardly, QALYs are derived
using arithmetic average. Nevertheless, the possible inclusion of weights is an
everlasting subject of discussions (Brock, 2004; Williams, 1992; 1996).
For non-weighted QALYs it is assumed that each QALY has the same value
regardless to personal characteristics or health conditions, e.g. age, gender,
1

States perceived as worse than death take negative values of HRQoL.
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income, social standing, the severity of disease or residence (Whitehead & Ali,
2010).
The arguments defending unequal weighting of individual QALYs argue that
placing a higher weight on some individuals can be socially optimal when these
individuals in return yield higher income for the society. This can be applied for
age-weighting, when individuals in productive age are assigned higher weight
since they on average contribute the most to the national income that is then
redistributed.
Higher national income translates also into higher health-care budget that can
be further used to widen the target population (Brock, 2004). In general,
this approach suggests assigning higher weights to individuals with higher productivity and higher potential to contribute to the society (Whitehead & Ali,
2010).

2.3

HTA practice in Europe

HTA practice in Europe is shortly summarized in Table 2.1. It is based on
study of the Directorate-General for Health and Food Safety of the European
Commission (EC, 2017b), and of the European network for HTA (EUnetHTA
et al., 2015).
Twenty-six countries (countries of the EU and Norway) indicated that HTA
is part of their decision-making process.2 Methodology of assessments usually
differs for pharmaceuticals, medical devices, and other health technologies. Not
all the national guidelines require submitting a ‘full HTA’ including an economic evaluation, ethical analysis, patients and social aspects, together with
legal aspects. The assessments take mostly the form of a cost-utility analysis
since QALYs gained associated with the assessed technology are usually estimated.
Only an assessment of clinical benefits, possibly extended by an economic evaluation, may be sufficient depending on the country and the assessed technology
(EC, 2017b). Covering the social- and ethical aspects manifests itself in addressing questions such as whether there are groups of patients without access
to available therapies, and whether the implementation or use of the technology
affect the patient’s autonomy or religious integrity (EC, 2017a).
2

With the exception of Cyprus (in the process of setting up a formal HTA system), Greece
and Romania (data not validated).
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According to the study, at least one HTA body has been established in each
of the countries informing decision-making at the national level (Cyprus in the
process of setting up at that time). The main role of the bodies includes the
development of HTA recommendations. In 10 countries, the HTA bodies carry
out their own HTA.3 The number of performed assessments varies significantly
across the countries with a range between maximum indicated 390 (Czech Republic) to 2 (Denmark) annually (EC, 2017b).
Table 2.1: Comparison of health technology assessments’ methodology in Europe and in the Czech Republic
Europe - number of countries

Czech Republic

Purpose

R&P of pharmaceuticals - 24
R&P of medical devices - 21
R&P of other technologies - 18

Reimbursement and pricing
(R&P) decision-making
on some pharmaceuticals

Time horizon

Sufficiently long to reflect all
important differences of costs
and outcomes of compared
technologies

Sufficiently long to reflect all
important differences of costs
and outcomes of compared
technologies

Perspective

Health care payers - 13
Societal perspective - 10

Health care payers

Costs included

Only direct costs - 15
Direct with indirect costs - 9

Only direct costs
of the health care payer

Discounting

Both costs and effects by 3% - 8
Both by (3% - 5%⟩ - 10
Different rate for costs and effects - 3
Discounting without given rate - 3

Recommended 3% for both
costs and effects
In sensitivity analysis 0% and 5%

Source: Author’s creation based on EUnetHTA et al. (2015); SÚKL (2017); WHO (2017)
Note: R&P stands for reimbursement and/or pricing.
Countries’ methodologies are very complex and cannot be easily labelled - classification of the
countries should be further inspected.
France - societal perspective, only direct costs. It employs a ‘collective perspective’ including
not only costs of the payer but all direct costs. Indirect costs are excluded.

In 2005, HTA institutions throughout Europe (led by the Danish Centre
for HTA, DACEHTA) joined forces in the European network for HTA (EUnetHTA) project to promote more effective use of resources. The objectives
were set to reduce overlap and duplication by enhancing transnational collaboration (EC, 2017a;b; Kristensen, 2012).
EUnetHTA produces, inter alia, methodological handbooks, reports, and joint
assessments. These can be voluntarily used to develop own HTA guidelines
3

Austria, Belgium, Croatia, Estonia, Finland, France, Ireland, Poland, Sweden, UK (England)

2. Health technology assessment

10

or as another information source while conducting an assessment for a health
technology. Twenty countries indicated that they use elements of EUnetHTA
joint assessments within their national HTA processes. Countries not using
the joint assessments report as the cause the differences in the used and the required methodology, or the untimely creation of these assessments (EC, 2017b).
Countries’ guidelines can be according to EUnetHTA et al. (2015) divided
into those recommending a health-care payer perspective (Belgium, Croatia,
the Czech Republic, England, Estonia, Germany, Ireland, Italy, Latvia, Scotland, Slovakia, Slovenia, and Switzerland) and those recommending a societal
perspective (Australia, Denmark, Finland, France, the Netherlands, Norway,
Poland, Portugal, Spain, and Sweden).
The perspective is closely connected to the choice of costs in the economic analysis. Some countries that permit inclusion of only direct costs from the payer’s
budget (work time of health care professionals, medical equipment, medications, etc.) declare that other costs can be quantified in a separate analysis.
Countries employing societal perspective of the analysis enhance inclusion of
all direct costs from both private and public budgets, indirect costs, such as
productivity gain/loss, and even intangible costs in case of Denmark and Portugal, such as pain suffered by the patient (EUnetHTA et al., 2015).
Nevertheless, these costs are difficult to evaluate. It cannot be simply listed
what future costs arisen to the society should be taken into account and how
much value should be placed on costs like limited leisure and family time and
other negative externalities for the society (Kristensen & Sigmund, 2008; Pisu
et al., 2010).
Discounting of costs that arise more than a year ahead is according to Kristensen & Sigmund (2008) quite straightforward and common. On the other
hand, Brock (2004) poses an ethical question whether an improvement in health
status (e.g. life extension), as such, should be directly discounted. He argues
that there has not been offered adequate ethical justification for valuing more
improvement in an individual’s health status that occurs now in comparison to
an improvement that occurs in distant future.
This discounting would favour programs that produce benefits sooner even
though the overall improvement in health resulting from the program’s implementation could be lower. However, health care benefits (QALYs) are standardly discounted to current values too (Brock, 2004).
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HTA practice in the Czech Republic

In the Czech Republic (CR), there is a singular HTA body, the State Institute
for Drug Control (SÚKL) carrying out regulatory, pricing and reimbursement
functions. Since 2008 it is also responsible for the critical appraisal of submitted assessments. Legal acts and procedural documents in the CR govern the
HTA process only for pharmaceuticals. HTAs of other health technologies are
not being conducted (EC, 2017b; SÚKL, 2017).
The assessments are submitted to SÚKL by applicants for pricing or reimbursement (usually by pharmaceutical companies).The extent of the submitted
assessment depends on the type of the pharmaceutical in question. Usually, it
comprises assessment of clinical benefits of the pharmaceuticals extended by
an economic evaluation; it never takes the form of a ‘full HTA’. Incorporation
of the organization-, social-, ethical-, and legal aspects is not required (EC,
2017a).
SÚKL does not publish a methodological handbook on conducting HTA. It releases appraisal procedures for key parts of the submitted assessments, namely
cost-effectiveness and budget impact analysis. These documents prescribe what
has to be included (in computations and the assessment itself) and thus could
be considered as methodological handbooks (SÚKL, 2017).
SÚKL is reported to conduct an appraisal of around 50 new molecules per
year (excluding so-called ‘me-too drugs’), furthermore around 70 appraisals of
variations to the condition of reimbursement and 55 complex re-assessments
annually (EC, 2017b).

Chapter 3
Regulation of pharmaceuticals’
costs in the Czech Republic
This chapter comprises a summary of responsibilities of the Ministry of Health
of the Czech Republic, the State Institute for Drug Control (SÚKL), health insurance companies and the pharmaceutical companies while deciding on maximum prices and reimbursement of pharmaceuticals in the Czech Republic.
These are set in administrative proceedings held by SÚKL based on assessments submitted by applicants for pricing or reimbursement.
In the Czech Republic, the process of setting prices and reimbursements of
medicinal products and foods for special medicinal purposes is governed mainly
by Act No. 48/1997 Coll., on public health insurance, and its implementing
directives, all issued by the Ministry of Health of the Czech Republic. The Act
and its directives include many exceptions and special cases. The following part
encompasses mostly the general processes and responsibilities of the relevant
bodies. For further description see Appendix C, Alexa et al. (2015), or directly
the currently effective legislative documents.

3.1

Maximum prices and reimbursement

The Ministry of Health of the Czech Republic (hereafter ‘the Ministry’) regulates the use of pharmaceuticals and their distribution, the process of maximum
price and reimbursement conditions setting. It also, inter alia, publishes a fee
schedule known as the List of Health Services (Seznam zdravotních výkonů) and
defines the minimum extent of information that can be provided for pharmaco-
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and pharmacoeconomic analyses (Act No. 48/1997 Coll., Article 39a and 39d).
The State Institute for Drug Control (SÚK) represents the main Czech executive authority in the area of reimbursement and reimbursement-conditions
decision. It is an administrative office directly reporting to the Ministry.
As for setting the reimbursement amount, SÚKL is only responsible for the
reimbursed out-patient drugs (not hospital-only products). Methods of reimbursement calculation are established in Act No. 48/1997 Coll. The hospitalonly products’ reimbursement amounts are set in negotiations between the
hospital and health insurance companies.
SÚKL also regulates maximum prices for the pharmaceuticals covered by the
Social health insurance, that is both out-patient and hospital-only reimbursable
products). Prices of non-reimbursable pharmaceuticals are not regulated (Alexa
et al., 2015).
Table 3.1: Reimbursement and maximum prices setting of given types
of pharmaceuticals
pharmaceuticals
deciding on
reimbursement from
public health budget

SÚKL
Act 48/1997 Coll. (Article 39b)
Applied limit of 1.2 mil. Kč/QALY
reimbursed

setting maximum
price charged
by the producer

setting reimbursement amount from
public health
budget

not reimbursed

SÚKL
Act 48/1997 Coll. (Article 39a)
Average price of the three countries
of the reference countries basket
out-patient

hospital-only

SÚKL
Decree No. 376/2011
Process dependent on type
(regular vs. HIMPs)

HICs & hospitals
in negotiations,
limits given by HICs

not regulated

not regulated

Source: Author’s creation based on the legislation listed in the Table.
Note: This table provides only simplified schematic summary of reimbursement and maximum prices
setting in the Czech Republic. More details can be found in the text and in legislation. SÚKL: State Institute for Drug Control, HIMP: highly innovative medicinal product, HIC: health insurance company.

For out-patients pharmaceuticals, SÚKL lays down the maximum reimbursement amount that can be paid from the health insurance companies. The
procedure of determining the maximum reimbursement is governed by the Implementing Decree No. 376/2011 of the Ministry. The applied method differs
depending on the type of medical product. This can be either regular medici-
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nal product or the so-called highly innovative medicinal product (HIMP) that
does not fit in either reference group. The reimbursement is then set using the
Articles 18-20 and 44 respectively.
Regular pharmaceuticals are classified into reference groups (about 200 groups
of pharmaceuticals which are considered to be therapeutically interchangeable).
Reimbursement amount for the group is generally determined according to the
EU lowest price of a medicinal product within this group.
The reimbursement amount for pharmacotherapeutic groups where at least one
product should be fully reimbursed (following Act No. 48/1997 Coll.) is set
according to the lowest price in the Czech Republic. In reality, there are approximately 1,500 fully reimbursed pharmaceuticals (Alexa et al., 2015).
A medicinal product can be classified as a highly innovative medicinal product
if it is intended to treat a very severe disease and satisfies at least one of the
criteria defined in Article 40 (2) of the Decree No. 376/2011. The largest share
of the reimbursed HIMPs is occupied by oncological therapy (Vostalová et al.,
2017).
The HIMP has to be considered cost-effective to be admitted for reimbursement. In the case of insufficient information on cost-efficiency and treatment
outcomes from clinical practice (given that some other requirements are fulfilled) SÚKL can issue a decision on a temporary reimbursement for the HIMP.
This can be granted for the period of 24 months and it can be further extended
by 12 months at most. During this period the applicant for reimbursement
compiles data on costs and benefits of the treatment since these are crucial
for SÚKL to decide whether to set the permanent reimbursement (Act No.
48/1997 Coll., Article 15(8)).
Requirements for reimbursement setting differ for generic and original medicinal products and for regular and highly innovative medicinal products too (Act
No. 48/1997 Coll., Article 39b).
SÚKL also lays down the maximum prices of the reimbursable pharmaceuticals in administrative proceedings in accordance with the Article 39a of Act
No. 48/1997 Coll. Ordinarily, SÚKL sets the maximum price equal to the
average price of the three countries of the reference countries basket1 with the
lowest price, or according to an agreement concluded in public interest between
health insurance companies and the marketing authorisation holders.
1

Countries within the European Union, with the exception of: Bulgaria, Czech Republic,
Estonia, Luxembourg, Germany, Austria, Romania, Cyprus and Malta.
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The maximum price set by SÚKL is the maximum price of the producer (holder
of the registration) that is increased by the highest permitted mark-up and
value-added tax to arrive at the price charged in pharmacies.
If SÚKL did not decide on universal reimbursement of a health service, an
exception can be granted. According to Act No. 48/1997 Coll., Article 16, in
exceptional cases, the relevant health insurance company can reimburse a nonreimbursable health service, provided that the provision of such health service
is the only option in terms of the health state of the insured person.

3.2

Cost-effectiveness threshold

In the Czech Republic, there is no legally binding official cost-effectiveness
threshold. SÚKL is merely required by Article 39b, Act No. 48/1997 Coll.,
to take into account the cost-effectiveness and budget impact while approving
reimbursement of pharmaceuticals.
Regardless, SÚKL repeatedly mentioned the 3-times-per-capita-GDP threshold
per QALY in its decisions as a value representing cost-effectiveness. It refers
to the recommendation by CHOICE WHO (CHOosing Interventions that are
Cost-Effective).2 Accordingly, the threshold of Kč/QALY 1.0-1.2 million was
being applied to decide on reimbursement (SÚKL, 2017).
In reaction to the Decree MZDR8079/2015-3/FAR of the Ministry issued in
January 2017, SÚKL no longer justifies the use of the threshold by the CHOICEWHO’s recommendation. The threshold remains at the same level; however,
the reasoning is different now.
According to Article 15, Act No. 48/1997 Coll., cost-effectiveness is assessed
in comparison to a therapeutic approach that is reimbursed from the public
health budget and is generally accepted as common. Hence, SÚKL conducted
a retrospective analysis of closed administrative proceedings and it claims that
97% of submitted ICER values lay below the limit of Kč/QALY 1.2 million.
According to SÚKL (2017), this supports the ongoing use of this threshold
(SÚKL, 2017).
2
As for the CHOICE-WHO’s 3-times-GDP threshold, it is based on outdated research,
moreover, it was not rigorously derived, according to Robinson et al. (2016). They also
suggest some approaches that can be implemented based on the currently available research. Lack of economic justification in cost-effectiveness thresholds setting is emphasised
by Cameron et al. (2018) as well.

Chapter 4
Breast cancer and its treatment
Breast cancer is the most common cancer in women worldwide and the second
most common overall, after lung cancer.1 The breast cancer’s incidence rate
in the Czech Republic is continuously growing. In 2016, 7,220 new cases in
women were identified, i.e. 134.4 cases per 100,000 women (ÚZIS, 2017; WHO,
2018).
Breast cancer can be classified into several molecular subtypes, depending on
the presence of specific cell surface receptors. Approximately 15% of breast
cancer patients in the Czech Republic show amplification of human epidermal
growth factor 2 protein (also referred to as HER2, ErbB-2 or neu) (CSO, 2014).
Breast cancer cells with higher than normal levels of HER2 receptors are called
HER2-positive (HER2+), based on IHC (ImmunoHistoChemistry) test scores.
These cancers tend to grow and spread faster than other types of breast cancers.
It is usually positively correlated with tumour size and its grade too (Veronesi
et al., 2017).
The earliest stage breast cancers are stage 0 (carcinoma in situ). It then
ranges from stage I through IV. The lower the number, the less cancer has
spread. Stage IV represents metastatic cancer that has already spread beyond
the breast and nearby lymph nodes to distant parts of the body.
At present metastatic breast cancer cannot be cured. However, modern treatment can be very effective in maximising the duration of a patient’s quality
time without disease-related adverse effects (Veronesi et al., 2017).
1

Based on data from 2018; excluding non-melanoma skin cancer.
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Therapy for HER2+ metastatic breast cancer

In the past years, trastuzumab (distributed under the trademark Herceptin® ,
hereafter Herceptin) combined with chemotherapy has been considered the
most effective first-line treatment choice for HER2+ metastatic breast cancer.
Recently, another biological therapy targeting HER2+, pertuzumab (Perjeta® ,
hereafter Perjeta), suitable for first-line treatment of metastatic unresectable
breast cancer has been proposed as an addition to trastuzumab and chemotherapy.
After disease progression on the first-line therapy, the majority of patients
moves to the second (and then higher line) of treatment where other therapies
targeting HER2+ cells are administered. Nowadays, these include trastuzumab
emtansine (Kadcyla® , hereafter Kadcyla) and lapatinib (Tyverb® /Tykerb® ,
hereafter Tyverb).
Trastuzumab emtansine is being recommended as the second-line and lapatinib
as the third-line treatment. After progression on the pertuzumab-based firstline treatment, trastuzumab plus chemotherapy may continue as the secondline treatment until further progression (Cardoso et al., 2017; Colomer et al.,
2018).
Clinical practice in the Czech Republic includes eribulin mesilas (Halaven® ,
hereafter Halaven) in subsequent treatment in higher lines too. According to
the data described in Section 6.1, it has been used for few patients in one of
the lines 2-6 in CR.
The more detailed description of all these medications and its administration
can be found in Appendices F and G.
The analysis in this thesis compares two treatment arms. First, where patients are treated in their first-line with pertuzumab+trastuzumab+docetaxel
(hereafter the pertuzumab arm). Second, where patients are treated in their
first-line with trastuzumab+docetaxel (hereafter the trastuzumab arm). The
trastuzumab arm is the comparator in this study, or else the control group.
In both arms after the disease progression, patients can be treated with some of
the medications suitable for subsequent-lines of treatment. These are trastuzumab
emtasine, lapatinib and eribulin mesilas, all for both of the arms, and trastuzumab
for the pertuzumab arm and pertuzumab for the trastuzumab arm.2
2
Patients who started treatment with pertuzumab while already treated with trastuzumab
and chemotherapy were also present in the data. Nevertheless, there are only few such
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Periods of various lengths where no anti-cancer medication is administered are
common after termination of treatment with some medication. There are various reasons for treatment discontinuation, such as the patient’s own decision.
Since pertuzumab is indicated for the treatment of patients with unresectable breast cancer, patients ordinarily do not undergo surgery after entering
one of the treatment arms (EMA, 2018d). All the medication described above
is standardly administered within ambulatory care or by the patients themselves in the case of Tyverb. Hospitalization is not necessary for the purpose
of medication administration.

4.2

Pertuzumab’s administration in the CR in relation to administrative proceedings

To apply for reimbursement from Social health insurance an administrative
proceeding had to be commenced between SÚKL, health insurance companies,
and the manufacturer, F. Hoffmann-La Roche AG (hereafter Roche).3
In the Czech Republic, Perjeta was approved for a 24-months temporary
reimbursement starting from February 1, 2014. This temporary reimbursement
was prolonged by another 12-months period until February 1, 2017.
It has been given a status of a highly innovative medicinal product as it was
not classified into any of the existing reference groups. It is a hospital-only
pharmaceutical that only the comprehensive cancer centres are authorized to
administer.
The last administrative proceeding that has so far become final has started on
May 12, 2017. As a result, Perjeta has been administered since February 1,
2018, in the regime of permanent reimbursement. SÚKL made this decision
within the administrative proceeding SUKLS127371/ 2017 based on, inter alia,
a cost-effectiveness- and a budget impact analyses submitted by Roche (2017).
This analysis as well as other studies are shortly summarized in Section 4.3.
patients and it is probably caused by pertuzumab being introduced to the Czech market as
a newly reimbursed medication just recently. Standardly, pertuzumab is administered only
to patients who have not received previous anti-HER2 therapy or chemotherapy for their
metastatic disease (EMA, 2018d).
3
F. Hoffmann-La Roche AG is the manufacturer of pertuzumab as well as trastuzumab
that has been administered since 2001 in the Czech Republic (IBA, 2015).
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For the period of enforceability of the decision within the administrative
proceeding above mentioned, Roche has committed itself to cover the medication expenses. Patients who had been prescribed Perjeta before the end of
temporary reimbursement (for at least 36 cycles) continued this therapy until
progression on the expenses of Roche.

4.3

Selected clinical and cost-utility analyses of
pertuzumab from the world and the CR

In this section, four studies of clinical outcomes (two foreign and two Czech)
and three cost-utility studies of pertuzumab will be shortly summarized.
Generally, clinical outcomes in these types of analyses are based on data acquired within the phase III, randomized, double-blind, placebo-controlled, international clinical trial CLEOPATRA (Clinical evaluation of pertuzumab and
trastuzumab). The two arms in this study are: pertuzumab+trastuzumab+
docetaxel vs. placebo+trastuzumab+docetaxel.
Patients were enrolled in the clinical trial from February 12, 2008, through July
7, 2010. Altogether 808 patients were enrolled. It is an active trial (ClinicalTrials.gov Identifier: NCT00567190), health conditions of the enrolled patients
are still monitored. The sponsor of the CLEOPATRA trial is Genentech, Inc.,
a subsidiary of Roche.
Data from the CLEOPATRA trial are used for example by Baselga et al.
(2012), Cortés et al. (2013) and Swain et al. (2015). All these studies evaluate
clinical outcomes and effectiveness of pertuzumab and compare overall survival
between the groups of patients treated within the trial arms.
First, results of Baselga et al. (2012) and Swain et al. (2015) will be compared
(always listed in this order) to demonstrate the development of conclusions
following the availability of more data (longer time series). The cutoff for data
collection was May 13, 2011, and February 11, 2014, with the median follow-up
of around 19 and 50 months. A total of 20.4% and 48.1% participants had died
until that time respectively.
Both of the studies report the median progression-free survival to be around
18.5 and 12.4 months in the pertuzumab and trastuzumab arms respectively.
After discontinuation of the study treatment, the proportions of patients who
received various breast-cancer therapies were balanced in the two study arms.
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Baselga et al. (2012) do not explicitly evaluate the median overall survival.
According to Swain et al. (2015), the median overall survival (defined as the
time from randomization to death) was evaluated to be 56.5 months in the pertuzumab arm, as compared with 40.8 months in the placebo arm, representing
a significant improvement.
Majority of adverse events occurred during docetaxel administration.
There are not many studies focusing on Czech patients’ data. Hejduk et al.
(2016) from the Institute of Biostatistics and Analyses of the Masaryk University, Faculty of Medicine, together with other experts issued a report based on
data gathered from real clinical practice in the Czech Republic. The report
contains data on 182 pertuzumab patients, of whom 13 (7.1%) died as of May
25, 2016.
The median progression-free survival was evaluated to be 21.2 months. Both
the median progression-free survival and the median overall survival were found
not to be statistically different from results published by Baselga et al. (2012)
based on CLEOPATRA trial.
More recent publication by Studentova et al. (2018) compares data from a
Czech clinical register and CLEOPATRA trial data based on Baselga et al.
(2012). The median progression-free survival observed from the data on 182
patients from the national register was consistent with data from the clinical
trial (difference in results was not statistically significant).
Durkee et al. (2016) conducted the first cost-utility study of pertuzumab
combination based on US data. A Markov model was applied including health
states stable disease, progressing disease, hospice, and death. Transition probabilities were based on the CLEOPATRA trial.
Under the assumption of the willingness-to-pay threshold of $100,000 per QALY
gained, the combination of pertuzumab was found unlikely to be cost-effective
in the US (the addition of pertuzumab costing $472,668 per QALY gained).
Fleeman et al. (2015) from the National Institute for Health and Care Excellence, NICE UK, evaluated evidence for the clinical- and cost-effectiveness
of pertuzumab submitted by Roche. This suggested that the pertuzumab combination has a 0% probability of being cost effective at the willingness-to-pay of
£30,000 per QALY gained. Fleeman et al. (2015) disagreed with the submitted
material on the significant difference between the two treatment arms in overall
survival. Data on overall survival were considered not mature enough.
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In any case, Fleeman et al. (2015) came to the same conclusion that the combination of pertuzumab+trastuzumab+docetaxel is unlikely to be cost-effective
compared to trastuzumab+docetaxel.
The last cost-utility analysis that will be introduced is an analysis by Roche
(2017) submitted into the administrative proceeding held by SÚKL with the
purpose of confirmation of pertuzumab’s permanent reimbursement.
Clinical outcomes are taken from Swain et al. (2015) from the CLEOPATRA
trial. These are said to be externally validated to Czech conditions by results of
IBA (2015) for trastuzumab. Costs were computed based on the Czech prices
valid at the time of the analysis.
Resulting ICER reached 3.77 million Kč per QALY gained, annual budget impact reached 183 million Kč.4 Some aspects of the used methodology will be
discussed in the following chapters.

4
These results were further altered, mainly due to changes in proposed price of pertuzumab and agreements between Roche and health insurance companies. These are not
publicly available due to confidentiality.

Chapter 5
Methodology for survival analyses
Survival analyses are used not only for modelling time to death but for models
of duration and reliability in general. These models consider the time elapsed
until a defined event occurs, or else time spent in one state before transiting
into another state, e.g. the length of an unemployment spell, life of a light-bulb,
war and marriage duration.
In a medical survival analysis, the event (an ‘end-point’ or a ‘failure’) can be
death, the progression of the disease, the appearance of another health condition, or others. The monitored time period is called a ‘sojourn time’ or a
‘waiting time’. The distribution of these sojourn times is one of the main focuses of survival analyses (Greene, 2012).
A very common feature of survival data is censoring, as in most studies,
such as clinical trials, it is not possible to wait for all the experimental subjects
to reach their end-point. There is only incomplete information about their
survival times available. Consequently, median or mean survival cannot be
simply computed from the data and some estimation is needed (Goel et al.,
2010; Johnson & Shih, 2012).
It is called ‘right-censoring’ when the subject either does not experience the
event before the study termination (end-of-study censoring), or the subject
withdraws from the study for whatever reasons (loss-to-follow-up censoring).1
Modelling of the survival time based on currently available data is a common
way of coping with data censoring. Both considering the censoring as a failure
1

In the case of ‘left-censoring’ the beginning of the monitored survival period is unknown.
When the survival time is known only up to a time interval it is called ‘interval censoring’.
Typically, the date of a health-state change, such as a disease progression, is unknown, it can
only be detected during the forthcoming check-up. It is said to be interval-censored since it
is known to happen sometime between two check-ups.
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or dropping the censored observations are inefficient and will probably yield
biased estimates.
An assumption on the censoring pattern has to made prior to the modelling.
Data censoring has to be independent of survival time and cannot occur systematically at some stage of the monitored period, or for some groups of subjects
(Leung et al., 1997; Pawitan, 2001; Greene, 2012).
Three types of survival time modelling are broadly distinguished:
• non-parametric methods, here represented by the Kaplan-Meier estimator; which neither impose assumptions on the distribution of survival
times nor assume a specific relationship between covariates and the survival time,
• semi-parametric methods, here represented by the Cox proportional hazard model; which do not impose assumptions on the distribution of survival times, but do assume a specific relationship between covariates and
the survival time,
• parametric methods, here represented by the accelerated failure time
model; which do impose assumptions both on a distribution of the survival times and on a functional form of the included covariates (Schober
& Vetter, 2018).
The last model included in this chapter is a multi-state stochastic Markov
model. As opposed to the models above that aim to estimate overall survival, a
Markov process will be used to model transitions between states defined based
on the treatment process. Estimated parameters of the fitted distribution will
be used to estimated mean time spent in each of the states.
Before attending deeper to the proposed methods, basic functions of survival analysis are outlined together with a list of the most common survival
distributions.
Let the random variable T represent survival time with the cumulative
distribution function P (t) = P (T ≥ t). Let t1 < t2 < ... < tn be the ordered
failure times for n observed individuals. The empirical distribution function
Fn (t) =

number of failure times ti ’s ≤ t
n

(5.1)
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represents the cumulative proportion of individuals who out of all of the study
subjects n reached their end-point by time t. In a medical survival analysis, it
is typically a proportion of patients who had died by time t (Pawitan, 2001).
The probability that the period of survival is of the length of at least t is
given by a survival function. A survival function measures the proportion of
individuals who have not yet failed and still survive at time t out of all who
are ‘at risk’ prior to time t. Slopes of a survival function represent hazards
(death rates) at the given time t. These two functions mentioned here are
̂ = 1 − Fn (t) (Pawitan, 2001).
complementary. Generally, it holds that S(t)
Survival data can be further described through a hazard function λ(t). A hazard
function can be interpreted as the instantaneous risk of the event occurrence
(e.g. death) at time t conditional on survival to that time. It is defined by the
following formula,
λ(t) = lim
∆t→

P [t ≤ T < t + ∆t|T ≥ t]
0
∆t

(5.2)

(Fox, 2002).
Table 5.1 displays some of the most common distributions used to model survival data. Additional distributions are summarized in Appendix D.
Table 5.1: Selection from the common survival distributions; with
scale parameter λ > 0 and shape parameter k > 0
distribution

probability density
function f(t), t ≥ 0

Gompertz

λkeλt ek e−ke
)︁k−1

Weibull

k
λ

exponential

1/λe− λ t

(︁

t/λ

1

λt

(︁

e−

mean E(T)
1 k
λe

)︁k

t/λ

∫︁ ∞ (︁ e−x )︁
k

x

median Med(T)
dx

1
λ log[(−1/k)log(1/2)

(︂
)︂
λΓ 1 + k1

λ(log 2)1/k

λ

λlog(2)

+ 1]

Source: Author’s creation based on Greene (2012); Jodrá (2009); Rodrıguez (2010).
Note: It holds that the scale parameter equals inverse rate parameter (common for
example for the exponential distribution). For k = 1 the Weibull distribution becomes exponential.

5.1

Kaplan-Meier estimate of the survival function and log-rank test

The Kaplan-Meier estimate of the survival function is the most commonly used
display of survival data that is particularly useful for a graphical comparison
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of several survival functions.
It is a strictly empirical, nonparametric approach to survival function estimation based on the assumptions that censoring is independent of survival time
and also that the survival probabilities are independent of the time when the
subjects recruited in the study.
The number of individuals (nk ) who are at risk prior to time tk , is the number
at risk (nk−1 ) prior to the previous failure time tk−1 , diminished by the number
of individuals (dk−1 ) who failed at time tk−1 , or are censored (ck−1 ) between
time tk−1 and tk . Individuals who dropped out of the study or are otherwise
censored are not counted as being at risk. The number of subjects at risk is
thus given by the following formula:
nk = nk−1 − dk−1 − ck−1 .

(5.3)

̂
The Kaplan-Meier estimate of the survival function, S(t),
is constant at interval
(tk−1 , tk ). Length of these intervals is given by the time periods between two
ordered failure times.
Total probability of survival until time t is calculated by multiplying all the
probabilities of survival at all time intervals (tk−1 , tk ) preceding time t:
̂ =
S(t)

nk − dk
.
nk
tk ≤t
∏︂

(5.4)

This formula is called Kaplan-Meier’s product limit estimate of the survival
̂
function. It holds that S(0)
= 1 corresponding to the assumption of subjects
who are all alive (have not failed) at the study beginning. Median survival can
̂
be empirically estimated from S(t)
= 0.5. (Goel et al., 2010; Greene, 2012;
Johnson & Shih, 2012; Pawitan, 2001).
The confidence interval around Kaplan-Meier estimate is computed according to Equation 5.5 by Greenwood et al. (1926):
̂ ± zα/2 Vˆ︃
̂
S(t)
ar[S(t)],
√︂

(5.5)

ˆ︃ ̂
where zα(︃ is the α-th
)︃ quantile of the normal distribution, and V ar[S(t)] =
∑︁
dk
̂ 2 t ≤t
S(t)
. Greenwood’s formula produces symmetric confidence
nk (nk −dk )
k

intervals. These are constant on each of the intervals (tk−1 , tk ).2
2

Plain Greenwood’s formula was used instead of ‘exponential’ Greenwood’s formula.
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To determine whether estimates of the survival functions are statistically
different the log-rank test is commonly used. It is a nonparametric test that is
suited for analyses consisting of censored data. Its assumptions about censored
data are the same as of the Kaplan-Meier estimator, namely that censoring is
independent of survival time.
It is used to test the null hypothesis of no difference between the population
survival curves, i.e. the probability of an event is the same in both populations
at any time point. For each time interval (tk−1 , tk ) the observed number of
failures in groups 1 and 2, O1 , O2 , is calculated and then the number of failures
expected given there is no difference between the groups, E1 , E2 . Here, tk ’s
represent ascending failure times and times of censoring of subjects from both
groups together.
The number of expected failures in group 1, given that the null hypothesis is
true, can be computed using the following formula:
E1 =

tm
∑︂

dk
nk1 .
k=1 nk

(5.6)

The fraction dk /nk represents the overall survival in both groups at time tk . It is
the number of subjects who failed at time tk divided by the number of subjects
who are known to be alive prior to time tk , i.e. who are at risk of failure in
both groups. This ratio is multiplied by the number of subjects in group 1 who
are known to be alive, nk1 , to get E1 . Expected number of failures in group 2,
given that the null hypothesis is true, E2 , can be computed accordingly using
the number of subjects in group 2 who are known to be alive, nk2 .
The test statistics for g groups is compared to χ2 distribution with g −1 degrees
of freedom:
g
∑︂
(Oj − Ej )2
∼ χ2(g−1) .
(5.7)
E
j
j=1
The log-rank test assumes that the hazard ratio is constant over time. Small
departures from this assumption, however, do not invalidate the test (Bewick
et al., 2004; Bland & Altman, 2004).
Sawyer (2003) highlights the advantage of ‘exponential’ Greenwood’s formula of its endpoints lying within the interval [0,1]. Since neither negative nor larger-than-one values fell
within the plain confidence intervals when applied on the data, as can be seen in Chapter 8,
the plain Greenwood’s formula was used.
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Cox proportional hazard model

The log-rank test is a useful method for comparing the survival between the two
groups. These groups can be created based on a 2-levels categorical variable or a
quantitative variable that is categorized to form 2 strata. In any case, including
more variables (or more-levels categorical variables) results in a higher number
of strata and loss of power from lowering the number of observations in each
strata (Johnson & Shih, 2012).
To account for both categorical and continuous variables, a Cox proportional
hazard model is usually developed. It quantifies the effects of all the covariates
z included in the regression on the hazard rate λ(t) representing the dependent
variable.
The model is depicted in Equation 5.8 comprising an empirical part depending
on time and an exponential part depending on the covariates (Johnson & Shih,
2012).
′
(5.8)
λi (t) = λ0 (t)ezi β
Statistical significance of the regression coefficient βi for the variable distinguishing the compared groups, e.g. a treatment dummy, indicates a difference
between the survival curves, given the same values of other included variables.
The function λ0 (t) is the baseline hazard, a nuisance parameter. It would have
to be specified for a full likelihood analysis, however, Cox (1972) developed a
method that does not require specification of the baseline hazard.
Considering two observations i and i’ with different values of covariate vector z
′

′

λ0 (t)ezi β
ezi β
λi (t)
=
=
.
′
′
λi′ (t)
λ0 (t)ezi′ β
ezi′ β

(5.9)

The resulting hazard ratio is independent of time t. This is the assumption
of the method by Cox (1972) that has to hold. The hazard ratio has to be
constant, proportional (Fox, 2002; Pawitan, 2001; Johnson & Shih, 2012).
To test this assumption, Schoenfeld residuals are computed from the fitted
Cox model and correlated with time. This method is minutely described by
Grambsch & Therneau (1994) and additionally by Abeysekera & Sooriyarachchi
(2009). If there is a significant relationship between the residuals and time for
at least one of the covariates or for the model as a whole, the proportional
hazard assumption is not supported.
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Accelerated failure time parametric model

The accelerated failure time (AFT) model provides a parametric alternative to
the Cox proportional hazard model above. Both of these control for covariates,
nevertheless, these covariates are assumed to induce different effects. Whereas
in the Cox model the effect of a covariate is assumed to multiply the hazard
by some constant, in the AFT model the effect of a covariate is assumed to
stretch or shrink the survival curve along the time axis. This shift, determined
by the ‘acceleration factor’ c in Equation 5.10, increases (c > 1) or decreases
(c < 1) the surviving time.
S1 (ct) = S0 (t),

(5.10)

S1 (t) being survival function of the studied group and S0 (t) survival function
of the control group, i.e. the baseline (Bradburn et al., 2003; Swindell, 2009).
As it is a parametric model, the survival functions are assumed to follow one
of the survival distributions, the most common are displayed in Table D.1.
Furthermore, the effect of the variable distinguishing the two compared groups
has to be consistent over time. These are the assumptions that have to hold.
The AFT model for the logarithm of survival time t, including p covariates x,
is given by Equation 5.11:
log(ti ) = β0 + β1 x1i + · · · + βp xpi + ϵi ,

(5.11)

where ϵi represents the unexplained variation in the response variable for ob(︂
servation i and follows the assumed distribution. It holds that c = exp β1 x1i +
)︂

β2 x2i + · · · + βp xpi (Bradburn et al., 2003; Swindell, 2009).
The exponentiated coefficients, exp(βi ), are referred to as ‘time ratios’. A time
ratio above 1 implies longer survival until the failure, while a time ratio below 1
indicates that an earlier failure is expected. Expressed as a percentage, the sur(︂
)︂
(︂
)︂
vival time3 increases by 100 exp(βi ) − 1 % or decreases by 100 1 − exp(βi ) %
with (one-unit) change of xi (Bradburn et al., 2003; Swindell, 2009).
Apart from the time ratios, the model provides estimates of distribution parameters. These can be further used for mean and median survival estimation.
3

The formulas estimate the percentage increase in median lifespan in comparison to the
control group. Since the effect of the variable distinguishing the two compared groups on the
survival time has to be consistent over time, it is assumed that this formula holds for any
quantile (Swindell, 2009).
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Transition analysis using Markov processes

A Markov process is used to model transitions between states defined based
on the treatment process and time spent in each of these states. Markov processes are the most popular models for stochastic systems with limited memory.
Under the Markov property, it is assumed that given the present state of the
process, the future state is independent of the past.
Let E = {1, 2, ...r} be a finite discrete state space. For each subject, successive states X = {X0 , X1 , ...Xn } are observed, where X0 is the initial state
and Xn the final state after n transitions.
Such stochastic process X is called a first-order Markov process if the conditional cumulative distribution function of Xn for given values of X0 , X1 ,...,
Xn−1 depends only on Xn−1 ,4 i.e.
P [Xn+1 ≤ x|Xn , Xn−1 , ..., X0 ] = P [Xn+1 ≤ x|Xn ]

(5.12)

(Castelli et al., 2007; Ibe, 2013).
For a discrete set of states, the process is called a Markov chain. The states
between which the subject can possibly transit have to be defined disjunctive,
each subject is known to be in exactly one of these states at each time.
A state i is called absorbing state if it is impossible to leave this state once
the process enters it, pii = 1, pij = 0, where pij is the probability of transition
from state i to state j, i ̸= j. Survival analyses are often interested in how long
it will take for the process to be absorbed. Death is a typical example of an
absorbing state in medical survival analyses.
When there is a nonzero probability that the process will never return to state
i after being in it, the state is said to be transient (Ibe, 2013).
A transition into a future state of a pure Markov process is independent of
the history of the process and depends only on the present state. Whereas in
a semi-Markov process, the future evolution depends not only on the present
state but also on the holding time in the present state, i.e. on the entry time
to this state. Within a semi-Markov process, the holding time in each state is
4

In the second-order Markov processes, the future state depends on both the present state
and the immediate past state.
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a random variable that can have an arbitrary distribution.5
The different account of history in Markov and semi-Markov models can be
used to differentiate which one should be used for the given data. The Markov
assumption can be verified by including a covariate representing history in the
covariate vector z into the Cox proportional hazard model introduced above.
A significant history covariate with β-coefficient statistically different from zero
indicates a violation of the Markov assumption a thus use of a semi-Markov
model (Williams et al., 2017a).

5.4.1

Semi-Markov process

Again, let E = {1, 2, ..., r} be a finite discrete state space. For each subject,
successive states X = {X0 , X1 , ..., Xn } are observed, where X0 is the initial
state and Xn the final state after n transitions. The times 0 = T0 < T1 < ... <
Tn are the consecutive entries into the states X0 , X1 , ..., Xn ∈ E, given that
Xp ̸= Xp+1 , ∀p ≥ 0 and Xp not persistent.
The random processes (T, X) = {(Tn , Xn ) : n ≥ 0} are called semi-Markovian,
if the distribution of waiting times (Tn − Tn−1 ) satisfies:
P [(Tn+1 − Tn ) ≤ t, Xn+1 = j|Tn , Xn , Tn−1 , Xn−1 , ..., T0 , X0 ] =
= P [(Tn+1 − Tn ) ≤ t, Xn+1 = j|Xn ]

(5.13)

(Castelli et al., 2007; Foucher et al., 2005; Ibe, 2013).
Dependence of future evolution of the random process not only on the present
state but also on the holding time in the present state in the case of semi-Markov
processes in comparison to Markov processes is apparent from Equations 5.12
and 5.13.
The probability density function, of the waiting time in state i before moving
into state j, is given by:
P [t < (Tn+1 − Tn ) < t + h|(Tn+1 − Tn ) ≥ t, Xn+1 = j, Xn = i]
,
h→ 0
h
(5.14)
where θij is a vector of parameters of the density probability function. Values
of these parameters as well as their distribution can vary across the transitions.
fij (t, θij ) = lim+

5

For a continuous Markov chain, the amount of time spent in a state before a transition
to the next state occurs is exponentially distributed. In a discrete-time Markov process, it
is assumed that the amount of time spent in each state is a unit time.
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The corresponding survival function Si. (t) can be deduce from fij (t):
Si. (t) = 1 − P [(Tn+1 − Tn ) ≤ t|Xn = i)] =

∑︂

pij (1 − Fij (t)),

(5.15)

j∈E

where pij = P [Xn+1 = j|Xn = i] and Fij (t) is the cumulative distribution
function of the waiting time in state i before moving into state j. The survival
function in Equation 5.15 is defined for survival in state i, not for a specific
transition between two given states (Castelli et al., 2007; Foucher et al., 2005).
Parameters of the chosen parametric distribution are estimated using the
maximum likelihood method, separately for each possible transition between
two states.
The first mh − 1 transitions of the subject h (from a sample of subjects h =
1, 2, ..., N ) are observed. The subject h moves at times T1h , T2h , ..., Tmh h −1 and
h
h
h
occupies successively the states X1h , X2h , ..., Xm
h −1 , where Xp ̸= Xp+1 , ∀p ≥ 0.
At the last time of the follow-up, Tmh h , the subject h can either move into state
h
h
Xm
h , or be censored in state Xmh −1 .
The resulting likelihood is a product of contributions of all the subjects’ transitions:
L=

⎧
{︄
mh {︂
∏︂ ⎨ ∏︂
h

⎩

r=1

}︂δrh {︂

h
h
pXr−1
h ,X h fX h ,X h (Tr − Tr−1 )
r
r
r−1

}︄⎫
}︂1−δrh ⎬

h
h
SXr−1
h . (Tr − Tr−1 )

,

⎭

(5.16)
where δrh = 1 if the transition r is observed and δrh = 0 when an observation is
right-censored.
h
In the case of right-censoring in state Xm
h −1 , the survival function SX h
. of
h
m −1

h
the waiting time in state Xm
h −1 is taken into account, i.e. the second part of
the equation’s right-hand side.

Chapter 6
Data description
There are three types of data used in this thesis. First, treatment records
of HER2+ metastatic breast cancer patients provided to the author for this
thesis. Patients’ overall survival will be estimated based on these together
with the length of administration of the studied medication. Second, data on
health-related quality of life associated with the treatment of metastatic breast
carcinoma. These are based on a review of foreign literature. Third, data
on costs derived by the author from current legislation and the List of Prices
and Reimbursements for Medicinal Products and Foods for Special Medicinal
Purposes published by SÚKL.

6.1

Patients’ treatment records

Data on patients’ treatment records were provided by the Institute of Biostatistics and Analyses (IBA) at the Faculty of Medicine of the Masaryk University, Czech Republic. IBA is a scientific-research institute primarily focusing
on management and provision of large-scale clinical research projects commissioned by the European Commission, the Ministry of Health of the CR, the
Czech Society for Oncology, etc. It manages “several tens” of registers, including the BREAST register. The project is professionally guaranteed by the
Czech Society for Oncology (IBA, 2018a;b).
The BREAST register was established in 2011 with the primary aim to collect
clinical data on all patients treated with trastuzumab, lapatinib, bevacizumab
and everolimus in the Czech Republic. Its purpose lays in safety evaluation and
assessment of the effectiveness of the targeted therapy. The data was entered
into the register by 20 institutions authorized to provide targeted (biological)
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treatment of breast carcinoma in the CR (IBA, 2018b).
The data was generated from the BREAST register in the required structure
on January 9, 2018, and provided to the author. The two provided datasets of
anonymized data consisted of 280 and 257 patients who were administered pertuzumab and trastuzumab respectively, in their first line of metastatic-breastcancer palliative treatment.
For the following analyses, pertuzumab arm dataset and trastuzumab arm
dataset (control group of patients) were used:
• pertuzumab arm dataset: 274 patients; all patients who were treated
in the CR with pertuzumab within the first line of metastatic-breastcancer palliative treatment; 6 patients were excluded from the provided
dataset since they were included in both datasets,1 no other patients were
excluded,
• trastuzumab arm dataset: 254 patients; all patients from the CR who
started first-line palliative treatment with trastuzumab after May 1, 2013
(for both datasets to cover the same time period); 3 patients were excluded since they were included in both datasets, no other patients were
excluded.
The following set of variables is available for all patients in both datasets.
Their detailed list with further specification and basic statistics can be found
in Appendix E and Table H.8 respectively.
• date of birth, sex,2 health insurance company
• date of diagnosis, cancer’s grade, existence of metastases, metastases location, cancer’s stage - all describing medical state at the time of diagnosis
• underwent surgery, surgery type, underwent radiation
• treatment details for each of the medications: pertuzumab (Perjeta),
trastuzumab (Herceptin), trastuzumab emtansin (Kadcyla), eribulin mesilas (Halaven), lapatinib ditosylate (Tyverb)
1

These patients experienced switch during the first-line treatment and were treated consecutively with both pertuzumab and trastuzumab as the main medication. They were left
only in the dataset representing their initial medication.
2
The dataset for trastuzumab arm comprises 5 men. They were not excluded from the
analyses since their treatment records do not exhibit different characteristics from women.
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– line of therapy, start date of treatment, medication dosing, end date
of treatment, reason for treatment cessation, date of progression,
best response to medication
• date of last check-up (last assessment of health status), patient’s status
during the last check-up
Date of entry into the study is individual for each patient corresponding to
the date of first administration of pertuzumab/trastuzumab in the respective
treatment arm. Date of exit from the study corresponds to the date of death
or to the date of the last check-up in the case of a censored observation.
As displayed in Table 6.1, the majority of patients in both datasets is subjected
to end-of-study censoring since they have not reached the studied event, i.e.
death. The high number of censored observations in survival analysis is not
unprecedented. For example in Castelli et al. (2007), there are 60% of censored
observations.
Altogether 27 patients are subjected to loss-to-follow-up censoring since the
contact with them was lost and their living status is unknown at the end of the
study (at the time of the data export).
Table 6.1: Patients’ living statuses at the end of the follow-up study

sample size
alive
dead
unknown

pertuzumab arm

trastuzumab arm

274
204
59
11

254
175
63
16

(100%)
(74.5%)
(21.5%)
(4.0%)

(100%)
(68.9%)
(24.8%)
(6.3%)

Source: Author’s computation based on data from the
BREAST register.

Patients in pertuzumab- and trastuzumab arm datasets were followed for
up to 3.81 years (1,392 days) and 4.61 years (1,682 days) respectively. Average
duration of patient’s follow-up is over 1.64 years (600 days) for both datasets,
as shown in Table 6.2.
Table 6.2: Duration of patient’s follow-up (in days)

pertuzumab arm
trastuzumab arm

Min

1st qrt

Median

Mean

3rd qrt

Max

2
1

351
188

596
465

609
621

872
1069

1392
1682

Source: Author’s computation based on data from the BREAST register.
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Health-related quality of life values for metastatic
breast cancer

In the absence of local values of health-related quality of life, SÚKL (2017)
recommends using values assessed in the UK. Kristensen & Sigmund (2008)
recommend generally adopting values that were derived in the same context
as the currently made assessment (relevant for the respective patient groups,
interventions, and country-specific methodology).
Selected literature containing HRQoL values for metastatic breast cancer is
described in this section and summarized in Table 6.3 below. See Appendix B
for further explanation of the methods for extracting HRQoL values.
Lloyd et al. (2006) in their paper on health state utilities for metastatic
breast cancer evaluated HRQoL from a study of 100 members of the general
public from England and Wales who rated various health states describing the
burden of stable, responding and progressive disease using the standard-gamble
method. It does not evaluate any specific treatment process and medication.
HRQoL of stable disease with no side effects was appraised by women at the
age of 40 to be 0.725. Moving to progressive disease led to a significant decrease
in HRQoL to 0.505. The results proved to be different, inter alia, for different
age cohorts. HRQoL associated with the same health state increases with a
year of age.
Results of this study were used by Roche in its analysis provided to SÚKL,
i.e. 0.844 and 0.553 before and after disease progression respectively taking
into account frequency of adverse-effects occurrence and of treatment response
(Roche, 2017).
Lidgren et al. (2007) for their analysis of HRQoL in different states of breast
cancer used 361 patients visiting a hospital in Sweden between April and May
2005. The group of metastatic patients consisted of 65 individuals, with only
38 receiving chemotherapy. The EQ-5D method reported the HRQoL to be
0.692 (CI: 0.611-0.746) for those who received chemotherapy. A mean TTO
value for metastatic patients receiving chemotherapy reached 0.776.
HRQoL associated directly with pertuzumab was surveyed in the CLEOPATRA international clinical trial and then evaluated in Cortés et al. (2013).
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This analysis with 404 patients in the pertuzumab arm and 402 patients in
the placebo arm was conducted through the Functional Assessment of Cancer
Therapy-Breast (FACT-B) questionnaire. It demonstrated that adding pertuzumab has no adverse effect on overall HRQoL. This is probably because
the quality of life may be dominated by the adverse effects of chemotherapy
administered in both arms.
Mean HRQoL was in the progression-free state of both arms around 0.63 (0.637
and 0.622 respectively). The expected decline in HRQoL after disease progression was not discussed by Cortés et al. (2013).
The study by Hedden et al. (2012) was performed on US patients treated
with pertuzumab and trastuzumab and arrived at similar results as Cortés
et al. (2013).
Furthermore, the value estimated by Cortés et al. (2013) will be used in this
thesis for the non-progressive health state, since it is based on reports directly
from pertuzumab- and trastuzumab patients. HRQoL for the progressive disease was computed using conclusions of Lloyd et al. (2006) on utility decrease
resulting from progression.
The resulting values are lower than of Lloyd et al. (2006), however, they fit
into the confidence intervals provided by both Lidgren et al. (2007) and Hedden et al. (2012).
Table 6.3: Health-related quality of life values from literature for nonprogressive and progressive metastatic breast cancer
non-progressive

progressive

Lloyd et al.
Lidgren et al.

(2006)
(2007)

0.725
0.692 (0.611-0.746)

0.505
-

Hedden et al.
Cortés et al.

(2012)
(2013)

0.650 (0.5-0.8)
0.637

0.290 (0.16-0.41)
-

0.637

0.358

HRQoL for this analysis

Source: Author’s creation based on Lloyd et al. (2006); Lidgren et al.
(2007); Hedden et al. (2012); Cortés et al. (2013).
Note: The studies by Lloyd et al. (2006) and Lidgren et al. (2007)
were conducted on general metastatic breast carcinoma patients. The
studies by Hedden et al. (2012) and Cortés et al. (2013) were conducted with pertuzumab- and trastuzumab patients.
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Direct costs of treatment

Direct costs expended by health-care payers (health insurance companies) associated with the treatment of metastatic HER2-positive breast cancer include:
• costs of medication,
• costs of medication administration and supplementary material,
• costs of check-ups and further examinations (screening and testing),
• costs of adverse-effects treatment and end-of-life treatment.
These costs cover the treatment practice showed in the available medical
records. The list above does not include costs associated with diagnosis or
surgery since these are both expended before the first administration of the
medication, i.e. before entering into this study.

6.3.1

Costs of medication

Medication costs per patient can be derived from the price of one pack of the
applied medication, its dosing, and time period of medication application. Appendix G summarizes prices per pack of medication and dosing both of the
main therapy and the medication administered together with the main therapy, e.g. chemotherapy. The time period of medication application will be
further discussed in Section 7.4.
Costs of subsequent treatment administered after pertuzumab/trastuzumab
termination have to be considered as well. The prices for Perjeta-, Herceptin-,
Kadcyla-, Halaven-, and Tyverb treatment in Appendix G are prices defined
as maximum reimbursement3 in the Czech Republic as of October 1, 2018, accessed from the State Institute for Drug Control (SÚKL), the List of Prices
and Reimbursements for Medicinal Products and Foods for Special Medicinal
Purposes (SÚKL, 2018).
The tables in Appendix G include apart from prices per pack also dosing of
all the medications. It follows the materials of the European Medicines Agency
(EMA, 2018a;b;c;d;e).
Average body weight and height of women in the Czech Republic were used to
3
The reimbursement amount of the medicinal product to the final consumerm labeled
‘UHR1’.
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compute the dosing of the medication where dosing is dependent on patient’s
anthropometric parameters, see Table 6.4.
Table 6.4: Average body weight and height of women in the CR
average body weight
average body height

73.5 kg
165.1 cm

Source: Author’s computation based on
data provided by ÚZIS.
Note: Only women aged 35-74 included.
Height expressed in cm to plug in the body
surface formula in Section 7.4.

Data on average body weight and height of women in the CR was acquired
from the Institute of Health Information and Statistics of the Czech Republic
(ÚZIS) that was held responsible for the European Health Interview Survey
2014 in the CR. The provided data are displayed in Table H.1.
Data on 2,488 women between 35 and 74 years of age were included into the
computation of average body weight and height. This age range mimics the
data sample; 90% of women in the data sample are of age 35-74 years.
Sample average and median weight reported by Hejduk et al. (2016) in their analytical report are 73.3 kg and 70.0 kg respectively based on BREAST register
data.

6.3.2

Costs of medication administration and of supplementary material

Identification of costs associated with the administration of the medication is
based on the materials of the European Medicines Agency (EMA, 2018a;b;c;d;e).
Costs of administration include preparation of the infusion solution in an aseptic environment, cannulation of veins and infusion application itself.
All the above-described medication is administered intravenously within ambulatory care, with the exception of Tyverb and Capecitabine® (hereafter
Capecitabine) which are administered by the patients themselves in the form
of film-coated tablets, and with the exception of Herceptin 600 mg that is administered subcutaneously (EMA, 2018b;e).
The prices of individual actions performed during medication administration
are listed in Table 6.5.
Cannulation is charged twice for the initial dose of Perjeta. Costs of medication
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preparation and administration are the same for Herceptin 150 mg and Herceptin 600 mg (cannulation has to be performed to administer chemotherapy).
Table 6.5: Costs of medication preparation and administration for
one treatment cycle of one patient
number of performances for 1 treatment cycle
price per
performance

Perjeta

Herceptin

Kadcyla

Halaven

preparation in aseptic
environment

477.46 Kč

1

1

1

1

application of anticancer
therapy
(ID 42520, 189 points)

194.67 Kč

3

2

1

1

cannulation of peripheral
veins including infusion
(ID 09220, 57 points)

58.71 Kč

1

1

1

1

1,120.18 Kč

925.51 Kč

730.84 Kč

730.84 Kč

TOTAL costs of 1 cycle

Source: Author’s computation. ID, as well as the points assigned to the given performance,
come from the Act 134/1998 Coll. (actualized on October 1, 2018). Value of 1 point was set at
1.03 Kč for 2018 according to the Decree 353/2017 of the Ministry. Charge for preparation in
an aseptic environment is based on the Price Directive 1/2013/FAR of the Ministry. Number of
performances for 1 treatment cycle results from the description of treatment procedures in EMA
(2018a;b;c;d;e).
Note: Number of performances for 1 treatment cycle corresponds to the administration of the
main therapy in combination with other relevant therapy, e.g. chemotherapy. Tyverb treatment
is not included since it is administered at home by patients themselves.

Both the preparation of infusion solution and the administration itself require the use of additional material. Used material (such as infusion bags
containing 250 ml of 0.9% sodium chloride solution, sterile syringes, cannulas,
water for injections) is not included in the prices of individual actions. These
are bought by the comprehensive cancer centres in large quantities, so the unit
prices are very small (each item less than 10 Kč)4 and will not be further
included in the analysis.

6.3.3

Costs of check-ups and further examinations

The data on patients’ medical records contain neither the information about
the frequency of check-ups nor a list of various examinations and tests that had
been carried out. The costs of check-ups, therefore, cannot be determined on
the individual-patient level. Nevertheless, they can be approximated on aggre4

For example, 30 bags of 250 ml of 0.9% sodium chloride solution (VIAFLO) are reimbursed for 182.65 Kč (SÚKL, 2018).
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gate level based on the common practice of 3-monthly check-ups Roche (2017).
These costs are relevant for a cost-effectiveness analysis, only if they differ
across the treatment arms, i.e. if the length of treatment is shown to be significantly different resulting in a different average number of check-ups.

6.3.4

Costs of adverse-effects and end-of-life treatment

The data on adverse effects that occurred during patient’s treatment is not
available in the provided datasets either.
In the CLEOPATRA study incidence of adverse effects was generally similar
between the two arms since the presence of these effects is dominated by the
adverse effects of chemotherapy. Chemotherapy is theoretically used identically in both treatment regimes. Nonetheless, some adverse effects were indeed
observed more frequently in the pertuzumab arm (Cortés et al., 2013).
According to the IBA’s report by Hejduk et al. (2016), only 5% of patients
treated with Perjeta encountered some adverse effects connected to the treatment. The analysis by Roche (2017) evaluated the costs of treatment of adverse
effects in the pertuzumab- and trastuzumab arm to be on average around 360
Kč and 150 Kč per patient respectively.
End-of-life-treatment costs will be assumed not to be statistically different
for the two treatment arms since no evidence supporting the contrary was
found.
Durkee et al. (2016) in their cost-effectiveness analysis of pertuzumab consider
the choice of hospice in the last weeks of patient’s life as one of the health states
in their Markov model. However, they do not indicate significant differences in
length of stay.
Roche (2017) reports the difference of 3,066 Kč in costs of end-of-life treatment
in behalf of trastuzumab arm, suggesting longer stay in hospice for patients
who were administered pertuzumab. It is, however, unclear from the analysis,
based on what data it was derived.

Chapter 7
Model description
In order to assess the cost-effectiveness of pertuzumab in comparison with
trastuzumab in first-line therapy of metastatic HER2+ breast cancer, both the
benefits and costs of each treatment arm have to be estimated and compared.
Benefits are estimated in the form of median (mean) survival time that is adjusted for the quality of life, i.e in the form of quality-adjusted life years. Overall
patient’s survival is defined as a time period from the first administration of
the first-line therapy (day 0) to death. It is unknown for the patients who have
not died before the study end and thus has to be modelled.
Costs depend mainly on medication that is administered and the length of this
administration. After cancer progression patients generally move to higher-line
treatment associated with a different medication. They also go through periods
when no medication is administered. To estimate average costs per patient for
the whole survival period, the author defined four states, each associated with
the administration of a specific medication and therefore with different costs.
Mean length of staying in each of these states has to be again modelled.

7.1

Definition of states for the survival analysis

For the purposes of further analyses patients’ treatment process was divided
into 4 states. Each state (phase of the treatment) is associated with the administration of a specific medication and therefore with different costs.
The author defined the states based on costs rather than on patients’ health
statuses (that are usually employed) because she believes it is needed for unbiased costs estimation in pharmacoeconomic analyses. Further comparison of
‘costs states’ and ‘health states’ can be found in Section 7.1.1.

7. Model description

42

• State 1 - studied medication:
Patients who are in the first line of treatment administered the studied
medication (Perjeta or Herceptin). These patients are alive without having experienced progression of the disease yet.
entry: start of administration of the studied medication
exit: the first from these: date of the final administration of the studied
medication increased by 20 days;1 1 day before the start of administration
of another medication (as long as the start is within 21 days from the final
administration of the studied medication); 1 day before the date of death
(as long as death occurs within 21 days from the last administration of
the studied medication)
• State 2 - no medication:
Patients who are alive but currently not administered Perjeta, Hereceptin,
Kadcyla, Halaven, nor Tyverb
entry: date of the final administration of a certain medication increased
by 21 days, given that a following treatment did not start sooner nor did
death occur
exit: the first from these: 1 day before the start of administration the
successive medication; 1 day before the date of death
• State 3 - subsequent medication:
Patients who are administered other than the studied medication (Kadcyla, Halaven, or Tyverb, or Herceptin in case of pertuzumab arm, or
Perjeta in case of trastuzumab arm), generally associated with higher
line of treatment.
entry: start of administration of the successive medication
exit: date of the final administration of the particular successive medication increased by 20 days, given that a following treatment did not start
sooner; 1 day before the date of death
• State 4 - death:
Patients who died either while being medicated or after terminating all
medication.
entry: date of death
exit: this is an absorbing or a persistent state, the probability of moving
out of this state is zero
1
A treatment cycle lasts 21 days; only 6 days were added to the date of the final administration when trastuzumab was administered on weekly basis.
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Figure 7.1: Illustration of treatment processes according to the states
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Source: Author’s creation based on illustrative data.
Note: Illustrative treatment processes of 5 patients. Only patient C
died within the follow-up period, others are censored at the date of
their last check-up registered in the data.

Each patient (observations) belongs to exactly one of these states at each
time during the follow-up. In the beginning, all patients are in State 1. Patients
who are not in State 4 at the end of the follow-up are censored. Their time of
censoring is then the date of their last check-up.
Medical records reveal transitions between the four states. Mathematically
there are 12 one-to-one transitions between any 4 states. However, we do not
take into considerations these 5 transitions since they are not compatible with
medical practice and prescription restrictions: 2 → 1, 3 → 1, 4 → 1, 4 → 2, 4
→ 3; patients do not return into the first-line treatment after leaving it, and
the probability of moving out of an absorbing state is zero. All the possible
transitions are displayed in transition diagrams in Figures 7.2 and 7.3.
There is not a finite set of possible transition paths among these four states.
There can be loops since patients can move repeatedly between States 2 and 3,
i.e. between no medication and treatment with subsequent medication, which
is usually medication in a higher line of treatment.2
2

State 3 consists mostly of patients treated in higher-line treatment, only those patients
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Figure 7.2: Transition diagram showing transitions of patients across
states in pertuzumab arm
95
1. studied medication
(274)
133
90

41
87

2. no medication
84

5
46

4. death
(59)

3. subsequent
medication

30

8

Source: Author’s computation based on data from the BREAST register.
Note: The diagram displays the number of transitions, not necessarily the
number of patients. Patients who are found to be in a state i at the end of
their follow-up are marked by the arrow coming out of and into the state i
again representing the final ‘transition’ i → i. Bracket numbers represent
the number of patients in the treatment arm, all beginning in State 1; and
the number of dead patients, ending in State 4.

Figure 7.3: Transition diagram showing transitions of patients across
states in trastuzumab arm
80
1. studied medication
(254)
146
90

20
58

2. no medication
8
51

62

4. death
(62)

3. subsequent
medication

21

3

Source: Author’s computation based on data from the BREAST register.
Note: See Figure 7.2.

Tables H.3 and H.4 contain a summary of all the possible transitions between the health states together with distribution of the sojourn times spent
in a state before transiting into another. For the censored observations the
who experienced switch within the first-line are included in this State while treated in the
first line with other medication than their original.
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sojourn times in these tables are computed neglecting the censoring, assuming
that the date of censoring is the date of leaving the state.

7.1.1

Defining ‘costs states’ rather than ‘health states’

Defining the states in a transition model according to treatment phases associated with different costs is not common in literature. Both clinical and pharmacoeconomic studies rather define the states according to health statuses of
observed patients. These are commonly three-states models, such as healthy illness - death, known as illness-death model, or progression-free - progression
- death.
Clinical analyses often focus on the duration of health states, hence the use of
these states is appropriate. Whereas cost-effectiveness or pharmaco-economic
analyses in general should model costs of treatment hence the duration of ‘costs
states’, i.e. states that are connected to specific costs. The author thus believes
that an alternative definition of states is needed for cost-effectiveness analyses
- other than is commonly seen in literature, e.g. Boruvka & Cook (2016),
Castelli et al. (2007), or Williams et al. (2017b).
Namely, the no-medication state has been defined as one of the ‘costs states’.
This state is not commonly used in analyses, at least up to the author’s knowledge. It was included into this analysis after exploring the provided datasets
where there are many no-medication periods within patients’ treatment records.
The suggested model then consists of four states: studied medication - no medication - subsequent medication - death.
Another benefit from defining ‘costs states’ rather than ‘health states’ arises
in the form of averting interval censoring. The exact date of disease progression
is unknown since progression can only be detected by a physician during a
check-up. Therefore, the exact date of transition from the progression-free
state to the progression state cannot be determined exactly, it is only known
to be within a time interval.
Analyses that consider progression as one of the states should take this interval
censoring into account because the time to progression would be systematically
overestimated otherwise. Anyway, this will not induce other challenges in this
analysis. It is irrelevant whether the disease has progressed as long as the
patient is still treated with the same medication associated with the same
costs.
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Mean and median overall survival

Estimation of overall survival in both the pertuzumab and trastuzumab arms
requires estimation of the survival functions. The results of Kaplan-Meier estimator, the most common technique for illustration of survival data, have to
be supplemented in this analysis by the Cox model and the accelerated failure
time (AFT) model.
Since the survival data used in this analysis does not come from a clinical trial,
it cannot be simply assumed that they form two random samples of patients.
Variables representing patients’ characteristics at the time of diagnosis or at
the beginning of the first-line treatment have to be included to control for their
possible effects on overall survival. The Cox and the AFT models can control
for these, as opposed to the Kaplan-Meier estimator and the log-rank test.
The precise forms of these models are described in the following section.
After all the estimations, the median patients’ survival in the pertuzumab
arm can be compared with the median survival in the trastuzumab arm to
yield incremental benefits of the studied treatment. This difference is commonly expressed in terms of quality-adjusted life-years gained rather than in
mere life-years gained from the administration of the studied treatment.
To derive quality-adjusted life years (QALYs) from the estimated life years,
median overall survival was multiplied by the relevant health-related quality
of life (HRQoL) coefficients defined in Section 6.2. Majority of patients terminates the treatment with the studied medication in State 1 in reaction to
disease progression. Therefore, it will be further assumed that HRQoL in State
1 is 0.637, and it drops to 0.358 after leaving State 1.
According to SÚKL (2017), both costs and benefits are recommended to
be discounted by the annual simple rate of 3%. The resulted QALYs were
therefore discounted by the factor 1/(1 + 0.03)T , starting at year T = 0.

7.2.1

Presented non-, semi- and parametric models for estimation of overall survival

First, to illustrate the available survival data, the Kaplan-Meier estimates of
overall survival functions were derived for both treatment arms. The probabil-
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ity of survival until time t was calculated using Equation 5.4 and the equation
nk = nk−1 − dk−1 − ck−1 . Terminology of these equations is as follows:
• tk = k-th ordered time of death (in days),
• nk = number of patients alive (in State 1, 2, or 3) prior to time tk ,
• nk−1 = number of patients alive (in State 1, 2, or 3) prior to time tk−1 ,
• dk−1 = number of patients who died (moved to State 4) at time tk−1 ,
• ck−1 = number of patients alive with follow-up period from tk−1 to tk .
The significannce of the difference in survival functions for each of the treatment arms was tested using the log-rank test with the null hypothesis of no
difference between the two survival curves.
Before modelling the hazards, equality of means of the variables representing patients’ initial characteristics was tested across the two treatment arms.
This provided a rough view on how far from random samples the two datasets
are.
The following patients’ initial characteristics are available in the data: patients’
age, in years at the time of first administration of the first-line therapy; years
elapsed between diagnosis and first administration of the first-line therapy;3
cancer’s grade; the existence of metastases at the time of diagnosis; and existence of underwent surgery (all corresponding to Appendix E).
These variables were also included in the Cox model displayed in Equation 7.1
that was estimated to verify results of the log-rank test above (using β1 ).
(︂

λi (t) = λ0 (t)exp β1 (treatement arm)i + β2 agei + β3 metastasesi + β4 surgeryi +
+ β5 (grade = 1)i + β6 (grade = 3)i + β7 (time af ter diagnosis)i
(7.1)
To gain the parametric mean and median survival, the accelerated failure time
model was estimated. The survival distributions summarized in Table D.1 were
successively fitted into the model adjusting for the same variables as the Cox
model. The distribution with the lowest value of the Akaike’s information criterion4 was chosen for the estimation in each treatment arm.
3
This is a proxy indicator for pre-metastatic treatment. Patients who were diagnosed
(with a lower-stage cancer) a longer time before the start of metastatic treatment have
probably already undergone some treatment.
4
AIC = −2 ∗ log-likelihood + 2 ∗ (number of parameters in the model)

)︂
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The assumption of a constant effect of the variable distinguishing the two compared groups on the survival time was checked by means of a Q-Q plot, where
survival time quantiles of the two treatment arms were plotted against each
other. The assumption holds when the plot resembles a straight line (Swindell,
2009).

7.3

Mean time spent in each state using Markov
processes

To estimate the mean time spent in each state defined in Section 7.1 a parametric approach was applied in the form of Markov processes.
First, the choice between a Markov and a semi-Markov model was made. To
decide on the relevance of the Markov property a Cox proportional hazard
model below was built. The model assessed the effect of history, representing
the duration of treatment with the studied medication (time spent in State 1),
on hazard rates of death after ending with taking the studied medication, i.e.
after moving to a different state.
(︂

λi (t) = λ0 (t)exp β1 (treatement arm)i + β2 agei + β3 metastasesi +
+ β4 surgeryi + β5 (grade = 1)i + β6 (grade = 3)i +
+ β7 (time af ter diagnosis)i + β8 (history)i

(7.2)

)︂

In the Markovian process itself, the survival time in each state was assumed
to be distributed according to Weibull distribution. Parameters’ values were
estimated for each transition separately using the equations in Section 5.4.1.
For those transitions where the shape parameter k was found statistically not
different from 1, exponential distribution was used instead.
The estimated parameters were then plugged into the equations for theoretical mean of Weibull or exponential distributions to estimate mean length
of staying in state i before transiting into state j.
Mean length of staying in state i before transiting into any other state was
computed as a weighted average of the mean waiting times in state i before a
transition, with the corresponding number of transitions as weights.
Finally, the mean time spent on average by each patient in the three states
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was computed. Mean length of staying in state i had to be multiplied by the
number of entries into state i divided by the number of patients who entered
state i.
State 1 cannot be entered repeatedly. Mean length of staying in State 1 thus
equals the mean time spent on average by each patient in State 1. On the other
hand, States 2 and 3 can be entered repeatedly.
According to the pertuzumab- and trastuzumab-arm datasets, State 2 (no medication) is entered on average 1.31 and 1.26 times respectively. State 3 (subsequent medication) is entered on average 1.26 and 1.19 times respectively.
Thusly computed time spent in the three states will be further used for computing mean costs associated with the two treatment arms.

7.4

Mean costs expended per patient

Costs associated with the three ‘costs states’ (studied medication - no medication - subsequent medication) have to be computed first, to estimate total
costs expended on average per patient in pertuzumab and trastuzumab arm.
The following section comprises a rather detailed technical description of the
process of costs estimation. It can be shortly summarized in the following steps:
1. estimating costs associated with one treatment cycle (generally 21 days)
for each state (phase of treatment): studied medication (pertuzumab/
trastuzumab), no medication, and subsequent medication,
(a) determining average medications’ doses and the corresponding number of packs based on dosing in the data, using average body weight
and height,
(b) determining shares of used medication - share of the 2 forms of
Herceptin’s administration, and shares of various medication in the
‘subsequent medication’ state),
(c) multiplying the average used number of medication packs by their
prices and summing with the respective shares (weights),
(d) determining administration costs (computed according to the shares),
2. multiplying costs for one treatment cycle by the estimated number of
cycles (derived from mean sojourn time of one patient spent in the state),
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3. multiplying costs on one patient arising from staying in State 3 by the
share of patients who arrive into the state,
4. summing costs expended per patient across the states,
5. discounting future costs (computing net present value).
(1a): The DuBois & DuBois formula, published in 1916, is usually recommended to compute body surface area.5 It computes body surface area (m2 )
from body weight (kg) and height (cm):
BodySurf ace = 0.007184 · W eight0.425 · Height0.725 .

(7.3)

The number of medication packs needed for one patient is always an integer at least as high as the desired patient’s dose. Unused content of the pack
should be disposed of (it is not administered to another patient).
(1b): Table G.2 lists three possible dosing and regimes of Herceptin occurring
in the data. In the trastuzumab dataset dosing is known for 250 out of the 254
patients. The dataset suggests approximately 55-45 division of patients treated
with Herceptin 150 mg and Herceptin 600 mg (Table H.2).
Roche (2017) considered only administration of Herceptin 150 mg as it was
reported by Hejduk et al. (2016) to be prevailing in the dataset.6
Table 7.1 defines percentage representation of the listed medication in State
3 (treatment with subsequent medication). Since the costs of various medication differ, the average costs of treatment in State 3 have to be estimated
according to these shares.
(2): Estimated number of treatment cycles in States 1 and 3 was derived from
the mean time spent in these states on average by each patient (estimated using
the semi-Markov model), given length of one treatment cycle of 21 days.
5
Redlarski et al. (2016) compared results of 25 body surface formulae ascertaining that
differences reach up to 0.5 m2 for the standard adult physique. The deviation is even higher
with abnormal physique (including children).
6
Hejduk et al. (2016) in their report state that 179 out of 182 patients were administered
8 mg of Herceptin intravenously within their initial dose of Perjeta. There is no mention of
Herceptin 600 mg in the report, even though Herceptin 600 mg has been reimbursed since
February 1, 2014.
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Table 7.1: Patients treated with subsequent medication according to
medication shares
pertuzumab arm

Perjeta
Herceptin
Kadcyla
Halaven
Tyverb

N

average
duration
(days)

29
79
8
22

171
176
100
116

trastuzumab arm

average
patient-days

%share

N

average
duration
(days)

4,959
13,904
800
2,552

22.3%
62.6%
3.6%
11.5%

10
54
8
17

374
210
132
165

average
patient-days

%share

3,740
11,340
1,056
2,805

2.4%
72.8%
6.8%
18.0%

Source: Author’s computation based on data from the BREAST register.
Note: N is the number of patients who were treated with the given medication. Average duration of treatment according to medication was computed only from a subset of patients who
ended the particular treatment. In both arms, 73% of treatment periods have been ended.
Perjeta (pertuzumab) is administered in the pertuzumab arm only in State 1. Herceptin
(trastuzumab) is administered in the trastuzumab arm only in State 1.

(3): According to the patients’ treatment records data, only 61.1% and 43.1% of
patients entered State 3 in the pertuzumab and trastuzumab arm respectively.7
(4): Costs associated with State 2 will be disregarded in this analysis. State
2 is not associated with the administration of medications as are States 1 and
3 (Perjeta, Herceptin, Kadcyla, Halaven, Tyverb). The frequency of check-ups
of patients who interrupted/ended their treatment is unknown and it will be
assumed not to be different for the two treatment arms.
Costs of adverse-effects and end-of-life treatment are assumed to be non-zero
for the patients, however as stated in Section 6.3.4, they will be assumed not
to be statistically different for the two treatment arms.
(5): Net present value of costs was derived from employing the same annual
7

This share was computed only from the patients who left State 1 during the follow-up
and those patients censored in State 2 after leaving State 1 who spent in State 2 at least 30
days before the end of their follow-up.
These are patients who potentially could have moved into State 3, i.e. they left State 1. It
would be misleading to include those who are still in State 1 and label them as if they have
not entered State 3. They can potentially move into State 3 after leaving in State 1, however,
this is yet unknown.
Patients who spent less than 30 days in State 2, i.e they moved from State 1 only a few days
before, are excluded as well because it is assumed there is still a high probability that they
will eventually move into State 3. Again, it would be misleading to increase the number of
patients who have not entered State 3 by these patients.
Seventeen and fourteen patients were excluded from the two treatment arms respectively
because they are censored in State 2 less than 30 days after leaving State 1.
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discount factor as for benefits, 1/(1 + 0.03)T , starting at year T = 0. Since
costs are not constant during the whole survival period it will be considered
when the costs were expended, i.e. within which treatment state (given that
treatment process starts in State 1).

Chapter 8
Results
Firstly, mean times spent in three of the defined states (studied -, no -, and
subsequent medication) were derived to be utilized afterward in the estimation of average costs per patient for the whole survival period in each of the
treatment arms. Time spent in State 1 (studied medication) was explored as a
proxy to progression-free survival associated with higher quality of life.
Secondly, benefits were estimated in the form of median overall survival time
that was adjusted for the quality of life to derive quality-adjusted life years
(QALYs). A statistically significant difference in the overall survival functions
was tested between the two treatment arms.
Thirdly, costs per an ‘average’ patient associated with each of the three states
were computed, summed, and compared across the treatment arms.

8.1

Mean time spent in the defined states

To estimate the mean time spent in States 1, 2, and 3 (defined in Section 7.1),
an appropriate parametric model had to be found.
Results of the Cox regression defined in Equation 7.2 indicate that the Markov
property is not relevant for this data and that a semi-Markov model should
be used instead. The variable representing history was found to be strongly
statistically significant in this Cox model for at least some of the transitions,
as can be seen in the regression results in Table H.5.
Employing the maximum likelihood method of the semi-Markov model, described in Section 5.4.1, parameters of Weibull distribution were found for each
of the possible transitions 1 → 2, 1 → 3, 1 → 4, 2 → 3, 2 → 4, 3 → 2, 3 → 4.
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The estimated parameters are displayed in Table H.6. For some of the transitions in both datasets, the shape parameter was found not statistically different
from 1. For these transitions, the exponential distribution was used instead.
Mean length of staying in state i before transiting into state j are displayed
in Table 8.1. Additionally, mean length of staying in States 1, 2, and 3 was
computed as a weighted average of the mean times before a transition from the
given state, with the corresponding number of transitions as weights.
Table 8.1: Estimated mean length of one staying in each state before
a transition
pertuzumab arm
mean
(days)

weighted
average (days)

trastuzumab arm
N

mean
(days)

weighted
average (days)

transition

N

1→2
1→3
1→4

133
41
5

553
740
93

583

146
20
8

540
308
194

498

2→3
2→4

84
46

63
484

212

62
51

467
224

358

3→2
3→4

87
8

245
257

246

58
3

331
1000

364

Source: Author’s computation based on data from the BREAST register using an R package by Król & Saint-Pierre (2015) and Jackson (2016).
Note: N is the number of transitions between the two states. This is mean
length of one staying in the states, not mean time of one patient spent in these
states. States 2 and 3 can be entered repeatedly.

Since States 2 and 3 are entered repeatedly by the patients, thusly computed
mean length of one staying in States 2 and 3 has to be multiplied by average
number of entries into the state to derive mean time spent in these states. The
resulting mean time spent in the defined states is summarized in Table 8.2.
Table 8.2: Estimated mean time spent in the defined states (days)
state

pertuzumab arm

trastuzumab arm

1
2
3

583
278
310

498
451
433

Source: Author’s computation based on data
from the BREAST register.
Note: These are mean times per patient who
entered the given state at least once. Not everyone entered States 2 or 3.
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Mean time spent in State 1 (studied medication)

The mean (median) time of taking the studied medication (pertuzumab/trastuzumab in the respective treatment arm) can be considered as a proxy for the
mean (median) progression-free survival, i.e. time elapsed from start of medication administration to cancer’s progression. The progression-free survival
is probably longer though because not all patients terminate the treatment in
reaction to cancer’s progression. Still, this is a good approximation since the
majority (around 70%) of patients does.
The Kaplan-Meier estimates of survival in State 1 are displayed in Figure 8.1.
According to the log-rank test’s p-value = 0.053, the null hypothesis of no
difference between the two survival curves could be rejected on a reasonable
significance level (6% and higher). This was verified using the Cox model in
Equation 7.1. The p-value = 0.048 of the variable distinguishing the treatment
arms indicates significant differences between the survival curves and consequently between the means. Results of the estimation are shown in Table H.7.
Figure 8.1: Kaplan-Meier estimates of survival in State 1 (treatment
with pertuzumab/trastuzumab in the respective arms)

Source: Author’s creation based on data from the BREAST register using R
packages by Therneau (2015) and Kassambara & Kosinski (2018).
Note: The tick marks indicate censoring events. This is not progression-free
survival. It displays length of treatment with the studied medication.
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The table below the graph shows the numbers of patients who are at ‘risk’
of the event at time t, i.e. who are known to be still in State 1 at t. The
numbers gradually diminish as more patients leave State 1 or are censored in
State 1 (their state is unknown after that). These are not at ‘risk’ anymore.
In contrast to the overall-survival estimation below, only around 35% and 31%
of patients are censored in State 1, in pertuzumab and trastuzumab arms respectively. The majority of the patients has transited into another state during
their follow-up period.
Empirical median survival in State 1 can be derived from the Kaplan-Meier
curves. The median length of first-line pertuzumab administration is 15.4
months (463 days), the median length of first-line trastuzumab administration
is 12.8 months (383 days). These are considered to be significantly different as
the survival curves are statistically different according to the Cox model.

8.2

Benefits: Overall survival from first administration of first-line therapy to death

Kaplan-Meier empirical estimates of the overall survival functions for both pertuzumab and trastuzumab arms are shown in Figure 8.2. The log-rank test’s
null hypothesis of no difference between the population survival curves cannot
be rejected at any commonly used significance levels, p-value = 0.97. Based
on this p-value it can be concluded that there is no statistically significant difference between the treatment arms. Consequently, median (mean) survival
times in these two arms cannot be considered significantly different either.
The empirical median overall survival can be estimated based on the KaplanMeier survival-probability values displayed in Figure 8.2 and in Tables H.13
and H.14. Alas, the median has not been reached in the pertuzumab arm with
Ŝ = 0.513 being the last estimated survival probability. The estimated survival
function is constant at Ŝ = 0.513 after 38.9 months (1,166 days) until 1,392
days (the longest follow-up in the pertuzumab arm).
In the trastuzumab arm, the median overall survival is approximately 53.1
months (1,592 days). After 47 months (1,410 days) the survival probability in
the trastuzumab arm was constant at a value comparable to the pertuzumab
arm, Ŝ = 0.512, until its drop at 1,592 days.
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The confidence intervals for the median overall survival start at 1,110 and 1,206
days in pertuzumab and trastuzumab arms respectively. The endpoints of these
confidence intervals have not been reached in either of the arms yet.
Figure 8.2: Kaplan-Meier estimates of overall survival of patients in
pertuzumab- and trastuzumab arm datasets

Source: Author’s creation based on data from the BREAST register using R
packages by Therneau (2015) and Kassambara & Kosinski (2018).
Note: The tick marks indicate censoring events. Overall survival is defined
as a time period between the first administration of the studied medication
and death. The tick marks indicate censoring events.

Statistically significant differences between the survival functions were tested
for various subsets of patients: according to the existence of metastases at the
time of diagnosis,1 cancer’s grade, undergone surgery, and length of patient’s
follow-up. The lowest p-value (0.19) was reached for a subset consisting only
of patients who were followed up for at least 400 days since their first administration of the studied medication.
These Kaplan-Meier estimates provide a good illustration of the survival
1

Implicitly, the existence of metastases divides the dataset on patients who were already
diagnosed with stage IV cancer and those diagnosed with lower stage who were most probably treated with ‘pre-metastatic’ therapy before starting with the studied medication after
carcinoma progression.
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data under the assumption of random samples. Since the survival data used in
this analysis does not come from a clinical trial, it cannot be simply assumed
that they form two random samples of patients.
Mean equality of the variables representing patients’ characteristics at the time
of diagnosis or at the beginning of the first-line treatment was tested across the
two treatment arms. The only significantly different variable is the patient’s
age at the time of the first administration of first-line therapy. Patients in the
trastuzumab arm are on average older (see Table H.9). The results of meanequality tests are displayed in Table H.8.
Although the other variables are not statistically different between the treatment arms, they were still included in the Cox model together with age and
the variable distinguishing the two treatment arms to control for their possible
effects on hazard rate.
Table 8.3: Cox proportional hazard model with hazard rate as the
response variable
coef
treatment=pertuzumab
age (years)
grade=1
grade=3
metastases
surgery
years after diagnosis
R2
LR Test

0.024
−0.001
0.875∗
0.449∗∗
−0.681∗∗
−0.541∗
−0.108∗∗

exp(coef)
1.024
0.999
2.399
1.567
0.506
0.582
0.897

0.045
24.296∗∗∗ (df = 7)
∗

p<0.1; ∗∗ p<0.05; ∗∗∗ p<0.01
Source: Author’s computation based on data from
the BREAST register using an R package by Therneau (2015).

In the multivariate Cox analysis, the variables grade-3 cancer, existence of
metastases at the time of diagnosis and years elapsed between diagnosis and
the start of the treatment in State 1 are all statistically significant. On the
other hand, the remaining covariates including the variable distinguishing the
two treatment arms fail to be significant at the 5% significance level.
The p-value for the variable distinguishing the two treatment arms reached
0.9005 confirming the result of the log-rank test that there is no statistically
significant difference in overall survival functions between the treatment arms.
Surprisingly, the patient’s age is not a significant factor affecting the length of
survival through hazard rate. When the datasets were subsetted to compise
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only patients between 40 and 70 years of age, the p-value for the variable distinguishing the two treatment arms reached 0.9187.
The null hypothesis of the likelihood-ratio test that all of the β coefficients are
0 is soundly rejected. The assumption of proportionality of hazards needed for
the Cox model was verified. According to Table H.11, no evidence against the
proportionality assumption was found.
The exponentiated coefficients represent the hazard ratios indicating covariates’ effects on the hazard. For example, holding the other covariates constant,
having grade-3 cancer (faster-growing and more-likely-to-spread type of cancer) increases the hazard by a factor of 1.567, or 56.7%. Consequently, having
grade-3 cancer is associated with poorer survival. The existence of metastases
at the time of diagnosis reduces the hazard by a factor of 0.506, or 49.4%,
holding the other covariates constant.2
The same control variables were included into the accelerated failure model
to control for their effect on survival time. Based on the Akaike information
criterion displayed in Table H.12 the data are best fitted by Gompertz distribution. The distribution’s parameters are displayed in Table 8.4 together with
the estimated time ratios of the included variables. The fitted curves based on
the Gompertz distribution are plotted in Figure H.3.
Table 8.4: Accelerated failure time model following Gompertz with
logarithm of survival time as the response variable

shape parameter
rate parameter
age (years)
grade=1
grade=3
metastases
surgery
years after diagnosis

pertuzumab arm

trastuzumab arm

coef

coef

exp(coef)
∗

0.001520
0.000103∗
0.019
−0.413
0.735∗
−0.201
−0.281
−0.134

exp(coef)
∗

1.019
0.662
2.085
0.818
0.755
0.875

0.000796
0.000848∗
−0.003
1.443∗
0.151
−1.149∗
−0.688
−0.127∗

0.997
4.233
1.164
0.317
0.503
0.881

∗
p<0.05
Source: Author’s computation based on data from the BREAST register using an R package by Jackson (2016).
2

This reduction and better prognostic seem to be counterintuitive. Being diagnosed with
lower-stage cancer (no metastases) for instance a month before the start of the treatment
targeting metastatic cancer indicates metastases’ occurrence during the past month. Recent
progression may lead to further progression and shorter survival in contrast to relatively
stable cancer that has already progressed to the metastatic stage prior to diagnosis.
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When estimated for both arms together, the time ratio for the variable distinguishing the two treatment arms is 1.0495 indicating almost a 5% increase
in survival time in the pertuzumab arm, adjusting for all the other covariates.
However, this time ratio is not statistically different from 1, so the effect is not
statistically significant at the 5% significance level.
Median and mean survival in both arms were computed using the estimated
parameters of the Gompertz distribution displayed in Table 8.4. In the pertuzumab arm, the median and mean survival are approximately 53.0 months
(1,591 days) and 51.2 months (1,536 days) respectively. In the trastuzumab
arm, the median and mean survival are approximately 21.0 months (630 days)
and 23.9 months (718 days) respectively. Nevertheless, these median and mean
survivals cannot be considered significantly different for the treatment arms.
The assumption of the constant effect of the variable distinguishing the two
treatment arms on the survival time was checked by the means of a Q-Q plot.
This is shown in Figure H.2 (left). A deviation from a line is visible for the
shortest survivals. The relationship improves when both datasets are subsetted to consist only of patients who entered State 1 between 2014/02/01 and
2017/01/31 when both medications were reimbursed, see Figure H.2 (right).3
The accelerated failure time model was re-estimated only for this subset of patients, yielding the following results: in the pertuzumab arm, the median and
mean survival are approximately 57.7 months (1,731 days) and 55.5 months
(1,666 days) respectively; and in the trastuzumab arm, 17.4 months (522 days)
and 19.1 months (574 days) respectively. Again, not a statistically significant
difference between pertuzumab and trastuzumab arm.
To derive median quality-adjusted life years (QALYs), the median overall
survivals have to be multiplied by the relevant health-related quality of life
(HRQoL) coefficients. Since the median overall survivals are not statistically
different, neither are the median QALYs. Nevertheless, the computation was
still carried out using the estimates from the accelerated failure time model
with all observations (1,591 and 630 days) and empirical medians of survival
in State 1 (463 and 383 days). The results are displayed in Table 8.5 in terms
3

Only a few patients started administration of pertuzumab outside this time period. On
the other hand, about half of the trastuzumab patients started the administration before or
after this time period, the latter resulting in the short follow-up periods.
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of days spent in full health.4
Table 8.5: Overall median survival in terms of days spent in full
health
state
(associated HRQoL)

pertuzumab arm

trastuzumab arm

1 (HRQoL=0.637)
2+3 (HRQoL=0.358)

295
404

244
88

TOTAL

699

332

Source: Author’s computation based Tables 6.3, 8.2, 8.4.

Resulting quality-adjusted life years (QALYs) of 23.3 months and 11.1
months in the pertuzumab and trastuzumab arms respectively were discounted
by the 3%-rate to 23.0 months and 11.1 months respectively.
Quality-adjusted life years gained from adding pertuzumab to the combination of trastuzumab+docetaxel in the first-line therapy targeting metastatic
HER2+ breast cancer were derived only to demonstrate the whole process of
benefits estimation. As the benefits (overall survival) in the studied therapy
are comparable with the comparator, the cost-effectiveness analysis becomes a
cost-minimization analysis, suitable when outcomes differ negligibly at most.
The numerator in Equation 2.1 for incremental cost-effectiveness ratio is zero.

8.3

Costs: Mean total treatment costs expended
per patient from public health budgets

Total treatment costs are computed as a sum of medication costs and costs of
medication administration. Only the costs expended in States 1 and 3 were
included since State 2 is not associated with the administration of an anticancer medication. Numbers of treatment cycles in States 1 and 3 were derived
from the mean time spent in the defined states computed in Section 8.1 (Table
8.2).
The resulting total treatment costs per patient associated with both treatment
arms are summarized in Table 8.6. Costs for one 21-days treatment cycle in
the studied medication state are 119,747 Kč and 42,425 Kč for pertuzumab and
trastuzumab arm respectively.
4

Time spent in States 2 and 3 was derived by subtracting time spent in State 1 from the
median overall survival.

8. Results

62

Table 8.6: Costs of medication and its administration per patient

studied medication - medication
studied medication - administration
subsequent medication - medication
subsequent medication - administration
TOTAL average costs per patient

pertuzumab arm

trastuzumab arm

3,415,016 Kč
31,157 Kč

1,013,380 Kč
21,947 Kč

942,830 Kč
6,225 Kč

1,039,458 Kč
5,409 Kč

4,395,229 Kč

2,080,195 Kč

Source: Author’s computation based on data in Section 7.4, Appendix G, and Tables 6.4, 6.5, 8.2, 8.4.
Note: Costs associated with subsequent medication are already multiplied by the
shares of patients who on average enter this state in the respective arms.

When thusly indicated in dosing in Appendix G, average doses of medications were derived based on the body weight of 73.5 kg and the body surface
area of 1.81 m2 . The average numbers of medication packs needed for one 21days treatment cycle are as follows: Perjeta 420 mg - 2/1 (initial/maintenance
dose); Herceptin 150 mg - 4/3 (initial/maintenance dose); Herceptin 600 mg
- 1; Docetaxel® 20 mg - 7; Kadcyla 100 mg - 3; Halaven 0.88 mg - 6; Tyverb
250 mg - 1.5; Capecitabine 150 mg+500 mg - 0.93+0.7.5
The average number of used packs was multiplied by their respective prices following Appendix G. The shares of medication of the two forms of Herceptin’s
administration and the shares of various medications in the ‘subsequent medication’ state were given in Section 7.4.6
The resulting costs of 4,395,229 Kč and 2,080,195 Kč in the pertuzumab and
trastuzumab arm respectively were discounted by the 3%-rate to 4,301,506 Kč
and 2,004,304 Kč respectively. Costs related to State 1 were expended at the
beginning of the survival period. Costs related to State 3 were, for this purpose, assumed to be expended uniformly within the whole remaining survival.
The results of the cost-minimization analysis, based on the data in Chapter 6,
are not in favour of adding pertuzumab to the combination of trastuzumab+
docetaxel in the first-line therapy targeting metastatic HER2+ breast cancer.
5
Tyverb and Capecitabine are administered in the form of film-coated tablets. In contrast
to the other medications, these are not rounded up to whole packs for the 21-days treatment
cycle. Unused content after each administration is not disposed of.
6
The mean survival is not statistically different for the two forms of Herceptin’s administration. Kaplan-Meier estimates of overall survival of patients in trastuzumab arm who have
been treated with Herceptin 150 mg and Herceptin 600 mg are not statistically different,
p-value = 0.6. Thus, the mean survival is not statistically different for these groups either.
The mean survival can, therefore, be multiplied by the costs of these two treatments weighted
only by the share of the patients treated with the medication in question.

Chapter 9
Discussion
This thesis does not comprehend a full health technology assessment. The emphasis has been laid on a survival analysis together with an analysis of costs
effectiveness and the differences induced by the use of Czech individual data.
Other parts of a health technology assessment were outlined just theoretically.
The addition of pertuzumab to the combination of trastuzumab and chemotherapy (docetaxel) does not result in significantly longer patients’ overall survival based on the employed data on metastatic HER2+ breast cancer treatment in the Czech Republic. Since the treatment is associated with higher costs
(mainly arising from pertuzumab’s price) adding pertuzumab is not considered
to be cost-effective.
Significant differences between the two treatment arms have been found in the
length of the administration of the first-line (studied) therapy, i.e. the pertuzumab combination and the trastuzumab combination in the corresponding
treatment arms. This could be considered as a lower bound approximation of
the progression-free survival since not all of the patients terminate the first-line
treatment with pertuzumab/trastuzumab in reaction to disease progression.
Compared to the above-summarised results, the results of the international
CLEOPATRA clinical trial presented in Swain et al. (2015) exhibit significantly
longer progression-free survival as well as the overall survival in the pertuzumab
arm in comparison to the placebo arm. The median overall survival was found
to be 56.5 months and 49.3 months in the pertuzumab and placebo arms respectively.
This discrepancy in the results could be attributed to shorter follow-up periods
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and higher number of censored observations symptomatic of the data used in
this analysis, or to the different nature of the data drawn from the Czech clinical practice, or adding pertuzumab to trastuzumab and chemotherapy simply
does not induce significantly longer overall survival in the Czech conditions.
These three points are further discussed below.
The survival data used in this analysis is less mature than the data examined by Swain et al. (2015). The median patients’ follow-up in this thesis is
approximately 20 months (596 days) in the pertuzumab arm, and only 15.5
months (465 days) in the trastuzumab arm (with the mean follow-up of around
20 months in both arms).
Swain et al. (2015) conducted their analysis on data with median patients’
follow-up of 50 months. According to their Kaplan-Meier estimates displayed
in Figure H.4, the overall survival curves in the CLEOPATRA trial do not
evince significant differences in the first 20 months either (based on the visual
evaluation of the author). Differences between the studied and control arm are
apparent after a longer time period.
This notion is confirmed by their previous analysis (Baselga et al., 2012) based
on data from the CLEOPATRA trial and the same methodology. They concluded that the interim result is not statistically significant and is deemed
exploratory. The median follow-up period in both groups was 19.3 months at
that time.
Swain et al. (2015) consider their analysis to be ‘descriptive’, referring to the
O’Brien-Fleming approach to stopping boundaries within interim analyses (Kumar & Chakraborty, 2016).
Treatment choice made for the patients included in this analysis is not random, as opposed to the CLEOPATRA clinical trial. This choice in the clinical
practice can be made based on various factors including the patient’s previous
treatment course and response to it, the patient’s health condition (incidence
of other diseases) and available funds.
This analysis was conducted under the assumption that after controlling for the
available variables, the hazard ratios are the same in both treatment groups
before the start of the first-line treatment. The differences in survival then can
be attributed to the treatment’s effects under this assumption.
The employed models controlled for patient’s age, cancer’s grade, the existence
of metastases at the time of diagnosis, undergone surgery, and time elapsed
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between diagnosis and start of the first-line therapy. Other variables, such as
response to pre-metastatic treatment and the incidence of other diseases, are
not available in the data.
Patients included in this analysis started the treatment in both arms during
the same time period starting from May 1, 2013, and ending on January 9,
2018. Nevertheless, pertuzumab was not ordinarily distributed during this
whole time period. Only 12 patients started treatment in the pertuzumab arm
shortly before approval of pertuzumab’s reimbursement or after suspension of
the reimbursement on February 1, 2017. On the other hand, more than 50% of
patients in the trastuzumab arm started their treatment within these periods.
Consequently, treatment choice for these patients was certainly not based on
their nor cancer’s characteristics.
As for the possibility that adding pertuzumab to trastuzumab and chemotherapy does not induce significantly longer overall survival in the Czech conditions,
the author is not aware of the existence of any studies based on data on Czech
patients directly comparing the two treatment arms.1 On the other hand,
there are studies, such as Fleeman et al. (2015), that question the conclusions
of Roche and offer an alternative inference building on the data from CLEOPATRA.
The incremental costs of the pertuzumab arm in comparison to the trastuzumab arm are 2,297,202 Kč, based on the discounted results of this analysis.
Roche (2017) reports in its analysis submitted to SÚKL while requesting permanent reimbursement of Perjeta the incremental costs of 4,455,511 Kč. This
discrepancy is given mainly by the employment of different time periods of
medication administration.
Next, the author would like to draw attention to some limitations of the employed methodology related to costs estimation. Especially, because she encountered some of these issues in the methodological recommendations of SÚKL
(2017) and in the analysis by Roche (2017).
The models used for estimation of patients’ overall survival control for the
effects of patients’ characteristics, as described above. These variables were,
1

The median overall survival is not evaluated in Studentova et al. (2018) since it has
not been reached; the survival probability reported by Hejduk et al. (2016) and used by
Studentova et al. (2018) was 86.6% (95% CI 75.7%-92.9%) after 18-months.
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however, not included in the semi-Markov model used for the estimation of the
mean length of staying in each state and consequently for the costs estimation.
Considering these variables in the semi-Markov model is computationally more
demanding. Moreover, the only statistically different mean value was found for
the variable age, which was found not to be statistically significant in the Cox
proportional hazard model and the Accelerated failure time model.
The aim was to illustrate the use of a semi-Markov with the defined states; the
full likelihood function with included variables is described by Castelli et al.
(2007) and Foucher et al. (2005).
Employing Markov processes is a common practice in health-economic analyses. The definition and the number of the states between which patients transit however differ. The ‘costs states’ were adopted in this study due to their
undeniable advantage of straightforward costs assigning. Yet, it entails some
drawbacks. Apart from the need of quite detailed data (ideally individual patients’ treatment records), the challenge arises from the loops between states
with no medication and consequent medication, i.e. patients can repeatedly
transit between States 2 and 3.
In Section 8.1 the mean time spent in the subsequent-medication state per patient is derived from the mean length of a staying in this state by multiplying
it by the average number of entries into the state. The number of entries into
the state per patient was derived for both arms from the BREAST data. Nevertheless, since the data are heavily censored, the author expects this number
of entries into the state where subsequent medication is administered to be
undervalued.
Moreover, the share of patients who started the administration of a subsequent medication can also be assumed to be undervalued. The share of patients
who actually started administration of a subsequent medication had to be estimated from a considerably reduced sample of patients since around 33% of
patients from both arms have not finished administration of the studied medication and other 6% of patients have finished it less than 30 days before being
censored in the no-medication state.
According to the patients’ treatment records data, only 61.1% and 43.1% of
patients were treated with subsequent medication after discontinuation of the
studied medication in the pertuzumab and trastuzumab arm respectively.2
2

Roche (2017) bases its estimate of the share of patients who started administration of
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The method of costs estimation employed in this study is based on unit
costs of reimbursed medication, material and performances, and the frequency
of their application (following the methodology of SÚKL (2017)). However, the
author expects the average number of medication packs needed for one dose
to be undervalued because of using average body weight and height instead of
individual data.
Owing to rounding up to an integer number of packs, a small increase in body
weight and height can result in a higher number of medication packs and consequently in considerably higher costs. The average body weight fails to recognise
the patients who need more medication packs and this cannot be always expected to be balanced by patients with lower-than-average weight.3
Average body weight and height were used also by Roche (2017) and it is indirectly recommended by SÚKL (2017) in their methodological document.
Relative to high medication costs, other types of direct costs expended from
public health budgets are of a negligible order. Still, these should be taken into
consideration. The provided data on patients’ treatment records do not include
the information on adverse-effects treatment, list of underwent examinations
during regular check-ups, nor information on the end-of-life treatment. These
costs were assumed to be comparable across the two treatment arms and thus
were not included in the comparative analysis.
Moreover, administration of chemotherapy is often ceased before the biological
treatment. In this analysis, the author neglected this and assumed chemotherapy to be administered for the same time period as the biological treatment.
Resulting costs and the mean overall survival were both discounted by 3%
as required by SÚKL (2017). It is of no consequence in this analysis, since it
will not affect the conclusions here, nonetheless, the author suggests ceasing
discounting of benefits in analyses which take the perspective of public health
a subsequent medication on the analytical report produced by Hejduk et al. (2016). In this
report, based on BREAST register data on Perjeta, 38 out of 61 patients started administration of subsequent medication. According to Swain et al. (2015), the proportions of patients
in the CLEOPATRA trial who received subsequent medication were balanced in the two
study groups, i.e. around 72%.
3
For example, a patient with only 2 kg of body weight above the average theoretically
needs one extra pack of Herceptin 150 mg for each 3-weekly dose. At the same time, women
would have to weight less than 50 kg (more than 20 kg below average body weight) to drop
one medication pack for each dose.

9. Discussion

68

budgets.
Discounting of future benefits demonstrates time preferences valuing future
gains less than the gains of today. This is natural for individuals whose lifetimes are limited. The planning horizon of an economy should, however, account for more than just a lifetime of one individual. There should be less
pressure to attain immediate benefits, so, the author believes that discounting
is less justifiable in this case.
Applying a cost-effectiveness threshold was not necessary for this analysis
since adding pertuzumab to the combination of trastuzumab and chemotherapy was not found significantly improving the overall survival while inducing
higher costs. The ambiguous existence of the cost-effectiveness threshold in the
Czech Republic has already been discussed in Section 3.2.

Chapter 10
Conclusion
This thesis contributes to the existing cost-effectiveness literature focusing on
HER2+ metastatic breast carcinoma treatment by analysing cost-effectiveness
in the Czech Republic using individual patients’ data from Czech clinical practice. This thesis also provides an alternative approach to the definition of states
for a transition analysis, which the author believes is more suitable for costeffectiveness analyses than the commonly used methodology.
Use of the data from the clinical practice is subjected to certain limitations
that are analysed in detail in Chapter 9. Short follow-up period and heavy
censoring are the main limitations of the used patients’ data. The overall survival of patients who were alive at the study-end is unknown and had to be
estimated. Furthermore, data from clinical practice cannot be considered to
form random samples.
Therefore, the survival functions were not only estimated by the Kaplan-Meier
estimator but also using the Cox proportional hazard model and the Accelerated failure time model that both control for the effects of included covariates;
namely for patient’s age, cancer’s grade, the existence of metastases at the
time of diagnosis, undergone surgery, and the time elapsed between the diagnosis and the start of the first-line therapy. The models did not include other
variables that might influence the choice of the treatment arm, such as response
to pre-metastatic treatment, because these are not available in the data.
The analysis arrived at the following results, under the assumption that the
choice of treatment is not correlated with the patient’s ex-ante probability of
death, i.e. that the choice of treatment arm is not dependent on a factor that
is not included in the models.
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Based on the data from the BREAST clinical register the addition of pertuzumab to the combination of trastuzumab and chemotherapy does not yield
significantly better results in terms of the patients’ overall survival. The median overall survival was estimated at 53 months for the pertuzumab arm and
21 months for the trastuzumab arm, however, these are not significantly different. These results were further adjusted for quality of life to the median overall
survival in full health of 23.3 months and 11.6 months (again, not statistically
different).
Considering the higher costs, the combination of pertuzumab+trastuzumab+
docetaxel was not found to be cost-effective in comparison to the trastuzumab+
docetaxel therapy in the Czech Republic.
These results should be verified in further research when longer time-series data
on Czech patients is available.
The author’s alternative approach to states definition for a transition analysis suggests defining the states according to treatment phases associated with
specified costs. Four ‘costs states’ were applied in this analysis: studied medication, no medication, subsequent medication, and death. Costs assigning is
then straightforward, unlike with states defined according to health statuses of
the observed patients. The ‘no medication’ state was included after exploring
the provided treatment records with many no-medication periods.
Statistically significant differences between the treatment arms were found in
the length of staying in the state ‘studied medication’ representing the administration of the studied medication (pertuzumab/trastuzumab) in the first-line
treatment in the respective treatment arms. The median length of the administration was estimated at 15.4 months and 12.8 months for the pertuzumab and
trastuzumab arms respectively. These can be further adjusted for life quality
through multiplication by the coefficient 0.637 (health-related quality of life).
The median time period of taking the studied medication could be considered
as an approximation of the progression-free survival, i.e. the time elapsed from
the start of medication administration to cancer’s progression. It is a lower
bound approximation since not all of the patients terminate first-line treatment with pertuzumab/trastuzumab in reaction to disease progression.
The author points out several methodological issues occurring in literature
assessing health technologies and suggests some alterations in Chapter 9 too,
e.g drawbacks of computing the average medication doses from the average
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patients’ body weight and height. The author also questions the necessity of
discounting future benefits when requesting reimbursement from public health
budgets.
This thesis also comprises an extensive overview of pharmaceutical regulation
in the Czech Republic. It broadens the limited number of English-written
materials focusing on Czech health policies and regulation. It can also help
to clarify the application of a cost-effectiveness threshold by the Czech HTA
body, SÚKL, that is sometimes misinterpreted as being legally binding.
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Appendix A
Types of economic analyses and
their characterization
Cost-minimization analysis
In this simplest method, only the costs of assessed technologies are taken into
consideration. As a result, this analysis should only be used when comparing
two technologies with the outcomes that differ negligibly at most.
Cost-benefit analysis
In this analysis, the outcomes are assessed and valued in monetary units. Costs
and benefits are thus directly comparable. These are appraised either by their
market value and opportunity costs or by using principles of averted costs, human capital or implicit and explicit valuation, since the outcomes in terms of
health gain are not directly marketable. Shorter time of treatment and convalescence can be appraised by the time that was gained and can be used to
produce some output in the economy instead (Williams, 2008).
Cost-effectiveness analysis
Here, the outcomes of a technology are measured in natural units, e.g. life
years gained, cancer cases detected or heart attacks avoided, etc. The decision
rule is then set as a price for a unit of effect in interest. This approach is associated with several drawbacks. First, a cost-effectiveness analysis cannot be
used for comparing two technologies with different objectives, for the costs per
cancer detected and costs per heart attack avoided are not directly comparable. Second, since a cost-effectiveness analysis incorporates only one outcome
measure, the cost-effectiveness analysis that reports costs per life year gained
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cannot capture the quality of those life years (Kristensen & Sigmund, 2008).
Cost-utility analysis
A cost-utility analysis addresses both drawbacks of cost-effectiveness analysis. Within a cost-utility analysis the outcomes of used technology are usually
measured in terms of quality-adjusted life years (QALYs) as a common measure
combining duration and quality of life (see Section 2.2). It is often referred to as
cost-per-QALY analysis. Consequently, a cost-utility analysis makes it possible
to compare interventions with different objectives and considers the quality of
life too not only its length (EUnetHTA, 2016; Kristensen & Sigmund, 2008).
Nevertheless, conducting a cost-utility analysis comes at the cost of higher computational demandingness and partial loss of objectivity for QALYs are derived
from surveying the patients on their personal perceived quality of life.
Cost-consequences analysis
All outcomes in a cost-consequences analysis are listed separately, neither outcomes nor costs are summarized into a single measure (such as QALY). The
decision maker has to decide on his own on the relative importance of the listed
outcomes and compare these with costs (EUnetHTA, 2016).

Budget impact analysis
In contrast to the health-economic analyses above which examine a technology’s
costs per unit of arisen effect, budget impact analysis (BIA) assesses whether
the adoption of the technology is affordable or not. BIA considers all the direct
costs that would be expended from the budget (e.g. state budget, a private
insurance company’s budget, etc.) if the technology was adopted. No health
outcomes are included in this analysis.
BIA necessarily does not have to yield consistent conclusions on adopting a new
technology with the results of the analyses above. Even if the value added of a
technology is sufficient (normalized ICER is lower than determined willingnessto-pay), the budget impact can be too high to eventually adopt the technology.
This is given by different objectives of these analyses and naturally by different methodologies too, where BIA considers usually only non-discounted costs
expended within 1-5 years, whereas a lifetime is a preferable study time frame
in a cost-effectiveness analysis (Leelahavarong, 2014).

Appendix B
Health-related quality of life
estimation and disability-adjusted
life years
There are several methods for revealing individuals’ preferences and consequently for deriving HRQoL weights. The first two methods are based on the
choice that people make.
Time trade-off
Respondents are presented with two alternative scenarios and they choose the
more preferable one. These are either spending a period of time (e.g. 5 years)
of suffering from an illness (for example cancer), or being restored to perfect
health but having a shorter life expectancy (e.g. 3 years). The life expectancy
of full health is then varied until the respondent is indifferent. The example
above would yield HRQoL of 0.6 (Robberstad, 2005; Whitehead & Ali, 2010).
Standard gamble
Here, the respondents choose between the certainty of remaining in a health
state (having cancer) on one hand and on the other hand facing the uncertainty
of a treatment resulting either in being restored to full health or dying with
given probabilities (e.g. 0.7 to 0.3). These probabilities are then varied until
the respondent is indifferent between choosing certainty and gambling. The
example above would yield HRQoL of 0.7. For more severe health conditions
the respondents are willing to gamble with greater risk of death (Robberstad,
2005; Whitehead & Ali, 2010).
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The other two methods are based on direct evaluation and perceiving of health
statuses.
Visual analogue scale
Respondents are supposed to evaluate the health state of interest on a scale
represented by a single line where on the top of the line is the best imaginable
health whereas at the bottom is the worst imaginable health. One of the problems of this simple method is that the respondents avoid the very ends of the
scale, which is so-called scaling bias (Whitehead & Ali, 2010).
Questionnaires covering general aspects of health
Various questionnaires (e.g. EQ-5D, 15D, Health Utilities Index - HUI) were
designed to cover general aspects/dimensions of health. These could be mobility, self-care, usual activities, pain/discomfort and anxiety/depression as in
the EQ-5D questionnaire created by the EuroQol Group.
For each of these five dimensions of health, the respondents are asked to describe their health status by one of the five levels (no problems, slight problems,
moderate problems, severe problems, and extreme problems) for the EQ-5D-5L,
or by one of three levels in the reduced form of the questionnaire (EQ-5D-3L).
There are 3125 (i.e. 55 ) possible health states plus unconsciousness and death
for the EQ-5D-5L type of the questionnaire (EuroQol, 2017; Whitehead & Ali,
2010).

Disability-adjusted life years (DALY) is a measure of overall disease burden
that similarly as QALY includes both mortality and morbidity, i.e. not only
years of life lost due to premature death but also lost productive years due
to disability (i.e. ill-health) (Robberstad, 2005). DALY is commonly used for
international comparisons of disease burden by organizations such as the World
Bank and World Health Organization (Whitehead & Ali, 2010).
The years of life when a patient is suffering from ill-health (time intervals
with the disease) is weighted similarly as for QALY, however here the weights
are inverted so 0 represents full health and 1 represents death. Consequently,
DALY weights and HRQoL should theoretically always sum to 1 (Whitehead
& Ali, 2010).
Moreover, the resulting QALYs and DALYs for an individual should sum up
to life expectancy (given by regional demographical statistics) as is illustrated
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in Figure B.1. DALYs can be thus interpreted as ‘lost QALYs’ (Robberstad,
2005).

1.0
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Disability weight

Health-related quality of life

Figure B.1: Illustration of Quality-adjusted life years and Disabilityadjusted life years
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Source: Author’s creation. Numerical values in this diagram are only
illustrative.
Note: Health-related quality of life associated with full health and death
is 1 and 0 respectively.

Furthermore, age-weighting that values life years differently depending on
the age of disease onset is more common for the DALY approach. The World
Health Organization has abandoned age-weighting of DALYs since 2010 (WHO,
2017).
The age-weighting function gives more weight to a year of a young adult compared with a child or an elderly individual who are not economically active.
The relationship of QALY and DALY of summing to life expectancy is not
accurate anymore when an age-weighting is employed. The weighting of the
measures is generally a subject of disputes and ethical questions concerning
equity (Whitehead & Ali, 2010).

Appendix C
Czech legislation concerning highly
innovative medicinal products
Definition of highly innovative medicinal products according to Article 40 (2)
of the Decree No 376/2011 of the Ministry of Health of the Czech Republic:
a) in comparison with another treatment of the disease there is less adverse
drug reactions or other complications, lower mortality and higher mean
survival time, or it reduces serious drug interaction
b) it is the only effective therapy, i.e. the new treatment significantly reduces
mortality, increases mean survival time, lengthens time until necessary
hospitalization, diminishes occurrence of significant clinical manifestation
of the disease
c) there is not enough information on cost-efficiency and treatment outcomes
from clinical practice, however, the available data sufficiently justify the
benefits of the medicinal product for the treatment of the very severe
disease.
There has to be enough data sufficiently justifying the benefits of the medicinal product and the HIMP has to fulfil all the other requirements for the reimbursement claim. There have to be at least two of the reference countries
where the HIMP was set for reimbursement as well.
The temporary reimbursement is set for the period of 24 months and it can be
further extended by 12 months at most. During this period the applicant for
reimbursement compiles data on costs and benefits of the treatment since these
are crucial for SÚKL to decide whether to set the permanent reimbursement.
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The permanent reimbursement is then set in the same extent as the temporary
reimbursement before was.
The article 44 (1) and (2) of the Decree No 376/2011 states that both the
temporary and the permanent reimbursement of HIMP shall be set at the lowest foreign or Czech producer price in the corresponding strength and size of
the packing, unless there is an interchangeable or comparable therapy (Article
39d (2) a), and 39d (2) b) of the Act 48/1997 Coll., respectively).
The following is true not only for the highly innovative medicinal products.
The maximum price set by SÚKL is the maximum price of the producer (holder
of the registration) that is increased by the highest permitted mark-up and
value-added tax to arrive at the price charged in pharmacies.
The highest permitted mark-up percentage is defined depending on the actually charged producer’s price (without value-added tax) in Price Directive
1/2012/FAR of the Ministry. It ranges from 4% to 37% from the highest to
the lowest producer’s price respectively. The Directive also defines lump-sum
mark-up that can be yet added to the already increased price by percentage
mark-up. This ranges from 0 to 758 Kč from the lowest to highest producer’s
prices respectively.

Appendix D
Most common survival
distributions
Table D.1: Most common survival distributions; with scale parameter
λ > 0 and shape parameter k > 0
distribution

probability density function
1
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−λ
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e
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2
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2
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Source: Author’s creation based on Greene (2012); Jodrá (2009); Rodrıguez (2010).
Note: It holds that the scale parameter equals inverse rate parameter (common
for example for the exponential distribution). For k = 1 the Weibull distribution
becomes exponential. For the log-normal distribution, the parameters µ and σ
represent the mean and standard deviation respectively.

Appendix E
Structure of treatment-records
datasets and basic statistics
• ID
• date of birth: date (yyyy-mm-dd)
• sex: categorical variable - female (F), male (M)
• health insurance company: categorical variable - 7 health insurance companies operating in the CZ; patient’s health insurance company at the
time of diagnosis
• date of diagnosis: date (yyyy-mm-dd)
• cancer’s grade: categorical variable - 1, 2, 3; a lower grade usually means
the cancer is slower-growing and less likely to spread; it labels the type
of cancer that does not change over time
• metastases: logical variable; occurrence of metastases at the time of diagnosis
• metastases location: categorical variable - lungs, liver, bones, brain, lymph
nodes, other (further specified as character variable)
• cancer’s stage: categorical variable - 0, IA, IB, IIA, IIB, IIIA, IIIB, IIIC,
IV; describes how developed cancer is at the time of diagnosis - a higher
stage number means cancer has spread more and an earlier letter within a
stage means a lower stage; stage IV is called "metastatic cancer"; cancer’s
stage increases as cancer spreads
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• surgery: logical variable
• surgery type: categorical variable - breast-conserving surgery, mastectomy
• radiation therapy: logical variable
• date of last assessment: date (yyyy-mm-dd); date of last health status
assessment (date of death for patients who died)
• patient’s status: categorical variable - alive without relapse, alive with
progression, dead; patient’s status realized during last assessment
Details of treatment - for each of the medications (Perjeta, Herceptin,
Tyverb, Kadcyla, Halaven) the dataset contains these variables:
• line of therapy: categorical variable - 1, 2, 3, 4, 5, 6; within which line of
therapy the particular medication was administered
• start date of treatment: date (yyyy-mm-dd); first treatment administered
• medication dosing: categorical variable consisting of few standard dosages
and the option "other" (further specified as character variable)
• end date of treatment: date (yyyy-mm-dd); last treatment administered
• reason for treatment cessation: categorical variable - progression, death,
negative side effects of treatment, deterioration of patient’s status without progression, patient’s decision, proper completion of the treatment
section, other (without further specification)
• best response to medication: categorical variable - CR (complete response), PR (partial response), SD (stable disease), PD (progressive disease)
• date of progression: date (yyyy-mm-dd)

Appendix F
Summary of medications’ details
All the text in this Appendix consists of selected passages copied from the
European Medical Agency: EMA (2018a), EMA (2018b), EMA (2018c), EMA
(2018d), EMA (2018e). These are NOT the author’s texts. Full credit should
be given to the European Medical Agency. It has been included to provide a full
account of the treatment process that is only shortly covered in the main thesis.
Perjeta 420 mg
Perjeta (pertuzumab) is indicated for use in combination with trastuzumab and
docetaxel in adult patients with HER2-positive metastatic or locally recurrent
unresectable breast cancer, who have not received previous anti-HER2 therapy
or chemotherapy for their metastatic disease.
The recommended initial loading dose of Perjeta is 840 mg administered as a
60 minute intravenous infusion, followed every 3 weeks thereafter by a maintenance dose of 420 mg administered over a period of 30 to 60 minutes.
When administered with Perjeta the recommended initial loading dose of trastuzumab is 8 mg/kg body weight administered as an intravenous infusion followed
every 3 weeks thereafter by a maintenance dose of 6 mg/kg body weight.
When administered with Perjeta the recommended initial dose of docetaxel is
75 mg/m2 , administered thereafter on a 3 weekly schedule. The dose of docetaxel may be escalated to 100 mg/m2 on subsequent cycles if the initial dose
is well tolerated (the docetaxel dose should not be escalated when used in combination with carboplatin, trastuzumab and Perjeta).
If trastuzumab treatment is discontinued, treatment with Perjeta should be discontinued. If docetaxel is discontinued, treatment with Perjeta and trastuzumab
may continue until disease progression or unmanageable toxicity.
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Herceptin 150 mg, Herceptin 600 mg
• Herceptin 150 mg powder for concentrate for solution for intravenous
infusion
• Herceptin 600 mg solution given as an injection under the skin (subcutaneous injection)
Herceptin (trastuzumab) is indicated for the treatment of adult patients with
HER2 positive metastatic breast cancer in combination with docetaxel for
the treatment of those patients who have not received chemotherapy for their
metastatic disease. Patients with metastatic breast cancer should be treated
with Herceptin until progression of disease.
Herceptin can be administered either in combination with paclitaxel for the
treatment of those patients who have not received chemotherapy for their
metastatic disease and for whom an anthracycline is not suitable, or in combination with docetaxel for the treatment of those patients who have not received
chemotherapy for their metastatic disease, or in combination with an aromatase
inhibitor for the treatment of postmenopausal patients with hormone-receptor
positive metastatic breast cancer, not previously treated with trastuzumab.
Herceptin 150 mg can be administered either in three-weekly or weekly
schedule. The recommended initial loading dose in three-weekly schedule is
8 mg/kg body weight. The recommended maintenance dose at three-weekly
intervals is 6 mg/kg body weight, beginning three weeks after the loading dose.
The recommended initial loading dose of Herceptin in weekly schedule is 4
mg/kg body weight. The recommended weekly maintenance dose of Herceptin
is 2 mg/kg body weight, beginning one week after the loading dose.
Appropriate aseptic technique should be used. Each vial of Herceptin is reconstituted with 7.2 ml of sterile water for injection (not supplied). Use of other
reconstitution solvents should be avoided. This reconstitution yields a 7.4 ml
solution for single-dose use, containing approximately 21 mg/ml trastuzumab.
One vial of 5 ml of Herceptin 600 mg contains 600 mg of trastuzumab.
The recommended dose for Herceptin subcutaneous formulation is 600 mg irrespective of the patient’s body weight. No loading dose is required. This dose
should be administered subcutaneously over 2-5 minutes every three weeks
(EMA, 2018b).
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Kadcyla 100 mg, Kadcyla 160 mg
Kadcyla (trastuzumab emtansine) as a single agent, monotherapy, is indicated
for the treatment of adult patients with HER2-positive, unresectable locally
advanced or metastatic breast cancer.
Kadcyla 100 mg and Kadcyla 160 mg is powder for concentrate for infusion.
The recommended dose of trastuzumab emtansine is 3.6 mg/kg bodyweight
administered as an intravenous infusion every 3 weeks (21-day cycle). Patients
should be treated until disease progression or unacceptable toxicity.
100 mg single-use vial containing powder for concentrate for infusion solution
delivers 5 ml of 20 mg/ml of trastuzumab emtansine after reconstitution. 160
mg single-use vial containing powder for concentrate for infusion solution delivers 8 ml of 20 mg/ml of trastuzumab emtansine after reconstitution (EMA,
2018c).
Halaven 0.44 mg/ml
Halaven (eribulin) as a single agent, monotherapy, is indicated for the treatment of adult patients with locally advanced or metastatic breast cancer who
have progressed after at least one chemotherapeutic regimen for advanced disease.
Halaven is solution for intravenous use. Each 2 ml vial contains eribulin mesilate equivalent to 0.88 mg eribulin. The recommended dose of eribulin as the
ready to use solution is 1.23 mg/m2 which should be administered intravenously
over 2 to 5 minutes on Days 1 and 8 of every 21-day cycle (EMA, 2018a).
Tyverb 250 mg
Tyverb (lapatinib) is produced for oral use in the form of film-coated tablets.
Each film-coated tablet contains lapatinib ditosylate monohydrate, equivalent
to 250 mg lapatinib. The recommended dose of Tyverb is 1250 mg (i.e. five
tablets) once daily.
It is administered in combination with capecitabine for patients with advanced
or metastatic disease with progression following prior therapy, which must
have included anthracyclines and taxanes and therapy with trastuzumab in
the metastatic setting.
The recommended dose of capecitabine is 2000 mg/m2 /day taken in 2 doses 12
hours apart on days 1-14 in a 21 day cycle. Capecitabine should be taken with
food or within 30 minutes after food (EMA, 2018e).

Appendix G
Costs and dosing of medications
regimes
Table G.1: Prices and dosing summary for Perjeta treatment
initial loading dose
pack
Perjeta
Herceptin
Docetaxel

420 mg
150 mg
20 mg

price per pack
77,322.40 Kč
13,287.53 Kč
366.01 Kč

dose
840 mg
8 mg/kg
75 mg/m2

regime
-

maintenance dose
dose

regime

420 mg
6 mg/kg
75 mg/m2

3-weekly
3-weekly
3-weekly

Source: Author’s creation based on data from SÚKL (2018) and EMA (2018d).
Note: Perjeta 420MG INF CNC SOL 1X14ML, Herceptin 150MG INF PLV CSL 1,
Docetaxel Accord 20MG/1ML INF CNC SOL 1X1ML.
Regime is irrelevant for initial loading dose. Dosing of Herceptin and Docetaxel for
each patient is determined depending on her body weight and height, see Section 7.4
for computing body surface area. It is assumed in this thesis that Docetaxel is administered during the whole treatment period with pertuzumab.

Table G.2: Prices and dosing summary for Herceptin treatment
initial loading dose
pack
Herceptin
Herceptin
Herceptin
Docetaxel

600
150
150
20

mg
mg
mg
mg

price per pack
39,862.70
13,287.53
13,287.53
366.01

Kč
Kč
Kč
Kč

dose
600 mg
8 mg/kg
4 mg/kg
75 mg/m2

regime
-

maintenance dose
dose
600 mg
6 mg/kg
2 mg/kg
75 mg/m2

regime
3-weekly
3-weekly
weekly
3-weekly

Source: Author’s creation based on data from SÚKL (2018) and EMA (2018b).
Note: Herceptin Herceptin 600MG INJ SOL 1X5ML, Herceptin 150MG INF PLV CSL
1, Docetaxel Accord 20MG/1ML INF CNC SOL 1X1ML.
The three possible regimes of Herceptin occurring in the data are listed. It is assumed
in this thesis that all patients who were treated in one of the Herceptin’s regimes were
treated with Docetaxel, in the same regime and for the whole treatment period.
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Table G.3: Prices and dosing summary for Kadcyla treatment
pack
Kadcyla
Kadcyla

price per pack

100 mg
160 mg

46,787.85 Kč
74,349.65 Kč

dose

regime

3.6 mg/kg
3.6 mg/kg

3-weekly
3-weekly

Source: Author’s creation based on data from SÚKL (2018)
and EMA (2018c).
Note: Kadcyla 100MG INF PLV CSL 1, Kadcyla 160MG INF
PLV CSL 1.
Kadcyla treatment is a monotherapy, no chemotherapy is administered with it.

Table G.4: Prices and dosing summary for Halaven treatment
pack
Halaven

0.88 mg

price per pack
10,006.21 Kč

dose

regime

1.23 mg/m

2

days 1 and 8 of every 21-day cycle

Source: Author’s creation based on data from SÚKL (2018) and EMA (2018a).
Note: Halaven 0,44MG/ML INJ SOL 1X2ML.
Halaven treatment is a monotherapy. One ml contains 0.44 mg eribulin. One vial contains
2 ml equivalent to 0.88 mg eribulin.

Table G.5: Prices and dosing summary for Tyverb treatment
pack
Tyverb
Capecitabine
Capecitabine

70 x 250 mg
60 x 150 mg
120 x 500 mg

price per pack
26,525.83 Kč
553.36 Kč
3,689.11 Kč

dose

regime

5 x 250 mg
4 x 500 mg/m2
4 x 500 mg/m2

daily
days 1-14 in 21-day cycle
days 1-14 in 21-day cycle

Source: Author’s creation based on data from SÚKL (2018) and EMA (2018e).
Note: Tyverb 250MG TBL FLM 70, Capecitabine 150MG TBL FLM 60X1 II, Capecitabine
500MG TBL FLM 120 II.
Capecitabine is administered twice a day: 2000 mg/m2 /day. One dose of Capecitabine was
rounded to 1800 mg (taken twice a day). It is assumed in this thesis that all patients who were
treated with Tyverb were treated with Capecitabine for the whole treatment period.

Appendix H
Supplementary data and results
Table H.1: Average body weight and height of women in the CR according to age cohorts
age cohorts
15-24
25-34
35-44
45-54
55-64
65-74
75-84
85+
total

n. women
262
377
509
434
688
857
532
152
3,811

height (cm)

weight (kg)

167.3
168.0
166.8
166.3
164.7
163.7
161.8
160.4
165.7

61.8
65.7
69.2
72.8
74.7
75.3
71.1
66.6
70.3

Source: Data provided by ÚZIS that was responsible for
the European Health Interview Survey 2014 in the CR.

Table H.2: Share of patients in the three Herceptin regimes
regime
600 mg 3-weekly
150 mg 3-weekly
150 mg weekly

number (share) of patients
113 patients (45.2%)
80 patients (32.0%)
57 patients (22.8%)

Source: Author’s creation based on data from the
BREAST register.
Note: Only data from the trastuzumab arm were
included.
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Table H.3: Transitions in pertuzumab arm, summaries of the sojourn
times based on the data (not an estimation)
sojourn times (days)
transition
1
1
1
1
2
2
2
3
3
3

→
→
→
→
→
→
→
→
→
→

∗

1
2
3
4
2∗
3
4
2
3∗
4

TOTAL

N

(%)

95
133
41
5
90
84
46
87
30
8

15.35
21.49
6.62
0.81
14.54
13.57
7.43
14.05
4.85
1.29

619

100

Min

Median

Mean

Max

2
8
27
13
1
1
1
7
1
1

480
313
335
57
53
25
124
123
196
84

557
359
410
85
147
53
153
185
227
130

1392
1120
1162
228
1198
364
472
917
692
332

Source: Author’s computation based on data from the
BREAST register.
Note: ∗ labels censored patients. Sojourn time then becomes only the time of follow-up; it does not include the
estimated survival.

Table H.4: Transitions in trastuzumab arm, summaries of the sojourn
times based on the data (not an estimation)
sojourn times (days)
transition
1
1
1
1
2
2
2
3
3
3

→
→
→
→
→
→
→
→
→
→

∗

1
2
3
4
2∗
3
4
2
3∗
4

TOTAL

N

(%)

80
146
20
8
90
62
51
58
21
3

14.84
27.09
3.71
1.48
16.70
11.50
9.46
10.76
3.90
0.56

539

100

Min

Median

Mean

Max

1
13
21
19
1
1
1
28
1
44

218
346
359
30
185
30
87
166
167
78

372
386
354
165
310
94
195
239
231
112

1505
1495
952
476
1304
703
1037
973
930
213

Source: Author’s computation based on data from the
BREAST register.
Note: ∗ labels censored patients. Sojourn time then becomes only the time of follow-up; it does not include the
estimated survival.
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Table H.5: Cox proportional hazard model for transition 1→2 (choice
of Markov vs. semi-Markov model)
coef
dataset=pertuzumab
age
grade=1
grade=3
metastases
surgery
years after diagnosis
history
Observations
R2
LR Test

exp(coef)
∗∗∗

0.655
−0.010
0.601
0.517∗∗∗
−0.185
0.038
−0.070∗∗
0.005∗∗∗

1.926
0.990
1.824
1.676
0.831
1.039
0.932
1.005

279
0.284
93.045∗∗∗ (df = 8)
∗

p<0.1; ∗∗ p<0.05; ∗∗∗ p<0.01
Source: Author’s computation based on data
from the BREAST register using an R package
by Therneau (2015).
Note: Cox regression for a subset of patients
who entered State 2 right after leaving State 1
(133+146 patients). Monitored ‘survival’ is time
spent in State 2. ‘History’ represents time spent
in State 1.

Table H.6: Weibull and exponential parameters derived from the
semi-Markov model
pertuzumab arm
transition
1
1
1
2
2
3
3

→
→
→
→
→
→
→

2
3
4
3
4
2
4

trastuzumab arm

scale parameter

shape parameter

scale parameter

shape parameter

598.800
740.039
93.347
56.915
483.737
261.284
257.271

1.306

580.874
307.672
194.493
297.477
190.954
330.728
1000.000

1.256

0.825
1.21

0.581
0.763

Source: Author’s computation based on data from the BREAST register using R packages by Król & Saint-Pierre (2015).
Note: When the shape parameter was not statistically different from 1 in Weibull estimation, exponential distribution was fitted for the particular transition (only the scale
parameter is listed).
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Table H.7: Cox proportional hazard model for State 1 (studied medication) - checking significance of difference between treatment arms
coef
dataset=pertuzumab
age
grade=1
grade=3
metastases
surgery
years after diagnosis

exp(coef)
∗∗

−0.214
−0.003
0.604∗∗
0.078
−0.299
−0.060
−0.022

Observations
R2
LR Test

0.807
0.997
1.830
1.081
0.742
0.942
0.978

528
0.022
11.982 (df = 7)

∗
p<0.1; ∗∗ p<0.05; ∗∗∗ p<0.01
Source: Author’s computation based on data
from the BREAST register using an R package
by Therneau (2015).
Note: Significant coefficient of ‘dataset’ indicates statistically significant difference between
survival functions between the treatment arms.

Table H.8: Testing equality of means of the variables representing patients’ characteristics before entering into the study
all patients

age (years)
grade=1
grade=2
grade=3
metastases
surgery
mastectomy
breast-conserving
years elapsed
after diagnosis

overlapping observations

pertuzumab
arm mean

trastuzumab
arm mean

test
p-value

pertuzumab
arm mean

trastuzumab
arm mean

test
p-value

55.70
0.022
0.401
0.540
0.442
0.573
0.365
0.208

59.23
0.031
0.358
0.539
0.390
0.594
0.378
0.216

0.0015
0.6783
0.3516
0.9857
0.2632
0.6802
0.8270
0.8947

55.96
0.019
0.401
0.542
0.431
0.584
0.370
0.214

60.25
0.017
0.364
0.525
0.381
0.610
0.322
0.288

0.0038
1
0.5763
0.7645
0.4228
0.7128
0.4281
0.1476

2.75

2.94

0.5759

2.75

2.92

0.7114

Source: Author’s computation based on data from the BREAST register using an R package by R
Core Team (2018).
Note: For the continuous variables (age, years elapsed after diagnosis) the two-sample t-test for equal
means was used. For the categorical variables the test of equal proportions based on Pearson’s chisquared test statistic was used. In both tests, the null hypothesis of equal means is tested against
the two-sided alternative. Results in the columns marked ‘overlapping observations’ consist only of
patients who entered State 1 between 2014/02/01 and 2017/01/31 when both treatments were reimbursed.
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Table H.9: Distribution of patients’ age at the time of diagnosis

pertuzumab arm
trastuzumab arm

Min

1st qrt

Mean

Median

3rd qrt

Max

30.2
26.1

45.7
49.1

55.7
59.2

58.3
60.5

64.5
69.7

80.4
90.5

Source: Author’s computation based on data from the BREAST register.

Figure H.1: Age of patients at the time of first medication administration in pertuzumab and trastuzumab arms

Source: Author’s creation based on data from the BREAST register.

Table H.10: Testing equality of means of patients’ shares in insurance
companies
insurance
company’s code

pertuzumab arm

trastuzumab arm

111
201
205
207
209
211
213

0.544
0.084
0.102
0.091
0.026
0.120
0.029

0.579
0.063
0.126
0.071
0.012
0.122
0.020

test p-value
0.4712
0.4514
0.4693
0.4864
0.4023
1
0.6718

Source: Author’s computation based on data from the BREAST register
using an R package by R Core Team (2018).
Note: The test of equal proportions based on Pearson’s chi-squared test
statistic was used testing the the null hypothesis of equal means against
the two-sided alternative. 111 - Všeobecná zdravotní pojišťovna České republiky, 201 - Vojenská zdravotní pojišťovna České republiky, 205 - Česká
průmyslová zdravotní pojišťovna, 207 - Oborová zdravotní pojišťovna
zaměstnanců bank, pojišťoven a stavebnictví, 209 - Zaměstnanecká pojišťovna ŠKODA, 211 - Zdravotní pojišťovna Ministerstva vnitra ČR, 213
- Revírní bratrská pokladna, zdravotní pojišťovna
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Table H.11: Testing proportionality of hazards
correlation
coefficient
dataset=pertuzumab arm
age
grade=1
grade=3
metastases
surgery
time elapsed after diagnosis
global

0.0593
−0.1393
0.0937
−0.1050
−0.0863
−0.1392
0.1493
NA

∗

p<0.1; ∗∗ p<0.05; ∗∗∗ p<0.01
Source: Author’s computation based on
data from the BREAST register using R
packages by Therneau (2015).
Note: Assumption of the Cox proportional
hazard model: The hazard ratio has to be
constant. Schoenfeld residuals are computed
from the fitted Cox model and correlated
with time. If there is a significant relationship between the residuals and time, the
proportional hazard assumption is not supported.

Figure H.2: Testing the assumption of the accelerated failure time
model

Source: Author’s creation based on data from the BREAST register.
Note: Assumption: the effect of the variable distinguishing the two compared groups on
the survival time has to be consistent over time. Horizontal axis - trastuzumab arm survival
quantiles; vertical axis - pertuzumab arm survival quantiles. Plot marked ‘overlapping observations’ consists only of patients who entered State 1 between 2014/02/01 and 2017/01/31.
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Table H.12: Akaike information criterion of chosen distributions
Akaike information criterion (AIC)
distribution

pertuzumab arm

trastuzumab arm

Gompertz
Weibull
gamma
log-logistic
log-normal
exponential

1043.917
1044.527
1044.904
1045.267
1049.849
1054.211

1106.835
1108.835
1109.538
1110.978
1119.567
1111.065

Source: Author’s computation based on data from
the BREAST register using an R package by Jackson
(2016).
Note: Arranged in ascending order of AIC values of
the pertuzumab arm. Model included variables: age,
grade=1, grade=3, metastases, surgery, time after diagnosis.

Figure H.3: Fitting the survival data with Gompertz distribution

Source: Author’s computation based on data from the BREAST register
using an R package by Jackson (2016).
Note: The black step curves are the simple Kaplan-Meier estimates (no
variables included). The red and blue curves are the Gompertz curves
derived from the parametric accelerated failure time models that include
the initial characteristics of the patients.
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Figure H.4: Patients’ overall survival estimated in the CLEOPATRA
clinical trial

Source: Swain et al. (2015)
Note: “The median overall survival was 56.5 months (95% confidence interval, 49.3 to
not reached) in the group receiving the pertuzumab combination, as compared with
40.8 months (95% CI, 35.8 to 48.3) in the group receiving the placebo combination”
(Swain et al., 2015).

Table H.13: Kaplan-Meier probability survival in pertuzumab arm
time

n.risk

14
31
58
70
99
118
172
191
201
204
208
229
262
293
294
307
314
315
334
350
353
409
421
425

271
269
266
264
263
260
250
246
244
242
241
236
229
226
225
223
219
218
213
207
205
180
175
174

n.event

survival

std. err

lower 95% CI

1
1
1
1
1
1
1
2
1
1
1
1
1
1
1
2
1
1
1
1
1
1
1
1

0.996
0.993
0.989
0.985
0.981
0.978
0.974
0.966
0.962
0.958
0.954
0.950
0.946
0.942
0.937
0.929
0.925
0.920
0.916
0.912
0.907
0.902
0.897
0.892

0.00368
0.00521
0.00639
0.00738
0.00825
0.00904
0.00981
0.01122
0.01185
0.01245
0.01302
0.01357
0.01413
0.01468
0.01520
0.01618
0.01665
0.01711
0.01757
0.01803
0.01848
0.01905
0.01963
0.02018

0.989
0.982
0.976
0.971
0.965
0.960
0.954
0.944
0.939
0.933
0.928
0.923
0.918
0.913
0.908
0.897
0.892
0.887
0.882
0.876
0.871
0.865
0.859
0.852

upper 95% CI
1.000
1.000
1.000
1.000
0.998
0.995
0.993
0.988
0.985
0.982
0.979
0.976
0.973
0.970
0.967
0.961
0.957
0.954
0.951
0.947
0.943
0.940
0.936
0.931
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time

n.risk

454
492
496
499
512
524
529
530
559
586
602
604
611
621
627
636
667
679
701
714
725
757
761
767
860
996
1037
1057
1079
1085
1110
1136
1166

168
160
158
157
153
151
150
149
143
139
136
133
130
129
127
126
121
117
113
110
108
100
98
92
74
40
32
30
28
25
21
17
14

XXIV

n.event

survival

std. err

lower 95% CI

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

0.887
0.881
0.875
0.870
0.864
0.858
0.853
0.847
0.841
0.835
0.829
0.823
0.816
0.810
0.804
0.797
0.791
0.784
0.777
0.770
0.763
0.755
0.747
0.739
0.729
0.711
0.689
0.666
0.642
0.616
0.587
0.553
0.513

0.02075
0.02135
0.02193
0.02249
0.02305
0.02359
0.02412
0.02463
0.02516
0.02570
0.02623
0.02676
0.02729
0.02781
0.02831
0.02879
0.02930
0.02982
0.03035
0.03089
0.03141
0.03201
0.03260
0.03324
0.03426
0.03795
0.04278
0.04711
0.05108
0.05512
0.05980
0.06550
0.07174

0.846
0.839
0.832
0.826
0.819
0.812
0.805
0.799
0.792
0.785
0.778
0.770
0.763
0.756
0.748
0.741
0.733
0.725
0.717
0.709
0.701
0.692
0.684
0.674
0.662
0.637
0.605
0.574
0.542
0.508
0.470
0.424
0.372

upper 95% CI
0.927
0.923
0.918
0.914
0.909
0.905
0.900
0.895
0.890
0.885
0.880
0.875
0.870
0.865
0.859
0.854
0.848
0.842
0.836
0.830
0.824
0.818
0.811
0.804
0.796
0.785
0.773
0.758
0.742
0.724
0.704
0.681
0.654

Source: Author’s computation based on data from the BREAST register using
R packages by Therneau (2015).
Note: ‘n.risk’ (number of patients who are still known to be alive at ‘time’),
‘n.events’ (number of deaths at ‘time’), ‘survival (survival probability estimated
by Kaplan-Meier estimator).

Table H.14: Kaplan-Meier probability survival in trastuzumab arm
time

n.risk

20
22
29
31
55
126
138
141

240
237
228
226
219
207
206
205

n.event

survival

std. err

lower 95% CI

1
1
1
2
1
1
1
1

0.996
0.992
0.987
0.979
0.974
0.969
0.965
0.960

0.00416
0.00589
0.00730
0.00949
0.01045
0.01141
0.01229
0.01310

0.988
0.980
0.973
0.960
0.954
0.947
0.941
0.934

upper 95% CI
1.000
1.000
1.000
0.997
0.995
0.992
0.989
0.986
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time

n.risk

151
158
162
206
249
264
281
289
306
308
309
329
337
342
357
378
389
433
449
477
494
574
582
604
738
781
784
814
836
843
845
856
902
910
923
931
941
988
990
1006
1014
1033
1077
1162
1181
1195
1206
1212
1404
1410
1592

203
200
199
185
173
167
161
158
155
153
152
151
147
146
144
140
136
132
131
125
124
118
117
115
103
102
101
97
93
92
91
87
82
81
80
79
77
75
74
72
70
67
64
52
51
50
48
46
23
20
4
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n.event

survival

std. err

lower 95% CI

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
1
1
1
1
1
1
1
1
2
1
1
1
1
1
1
1
1
1
1
1

0.955
0.950
0.946
0.941
0.935
0.930
0.924
0.918
0.912
0.906
0.900
0.894
0.888
0.882
0.876
0.863
0.857
0.850
0.844
0.837
0.830
0.823
0.816
0.809
0.801
0.794
0.786
0.778
0.769
0.761
0.744
0.736
0.727
0.718
0.709
0.700
0.691
0.681
0.672
0.654
0.644
0.635
0.625
0.613
0.601
0.589
0.576
0.564
0.539
0.512
0.384

0.01386
0.01459
0.01528
0.01603
0.01683
0.01764
0.01845
0.01924
0.02000
0.02074
0.02144
0.02212
0.02279
0.02343
0.02405
0.02528
0.02588
0.02649
0.02707
0.02768
0.02827
0.02889
0.02949
0.03008
0.03079
0.03148
0.03213
0.03281
0.03350
0.03417
0.03540
0.03601
0.03668
0.03730
0.03790
0.03847
0.03903
0.03958
0.04010
0.04110
0.04156
0.04204
0.04254
0.04338
0.04416
0.04488
0.04559
0.04629
0.05035
0.05458
0.11825

0.928
0.922
0.916
0.909
0.902
0.895
0.888
0.880
0.873
0.865
0.858
0.851
0.843
0.836
0.829
0.814
0.806
0.799
0.791
0.783
0.775
0.767
0.759
0.750
0.741
0.732
0.723
0.713
0.704
0.694
0.675
0.665
0.655
0.645
0.634
0.624
0.614
0.604
0.594
0.573
0.563
0.552
0.541
0.528
0.514
0.501
0.487
0.473
0.441
0.405
0.153

upper 95% CI
0.982
0.979
0.976
0.972
0.968
0.964
0.960
0.956
0.951
0.947
0.942
0.937
0.933
0.928
0.923
0.913
0.908
0.902
0.897
0.891
0.886
0.880
0.874
0.868
0.862
0.855
0.849
0.842
0.835
0.828
0.814
0.806
0.799
0.791
0.783
0.775
0.767
0.759
0.751
0.734
0.726
0.717
0.708
0.698
0.687
0.677
0.666
0.655
0.638
0.619
0.616

Source: Author’s computation based on data from the BREAST register using
R packages by Therneau (2015).
Note: See Table H.13.

