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1. List of abbreviations

AOTMIT — (pol. Agencja Oceny Technologii Medycznych i Taryfikacji) Agency for Health

Technology Assessment and Tariff System

EMA — European Medicines Agency

EMR — Electronic Medical Records

FDA — US Food and Drug Administration

FDC — Fixed dose combination

GDP — Gross Domestic Product

HCP — Healthcare professional

MoH — Ministry of Health

NICE — National Institute for Care Excellence

NFZ — (pol. Narodowy Fundusz Zdrowia) National Health Fund in Poland
OECD — Organization for Economic Co-operation and Development
oTC — Over the counter

PLN — Polish zloty

RCT — Randomized Clinical Trials

RWD — Real-World Data

RWE — Real-World Evidence

Rx — Prescription medication

SMA — Spinal muscular atrophy

ZUS — (pol. Zaktad Ubezpieczen Spotecznych) Social Insurance Instutition in Poland



2. Summary of the dissertation in Polish

Dowody oparte o dane z praktyki klinicznej (RWE) to preznie rozwijajgca sie dziedzina nauk o
zdrowiu publicznym, poniewaz oferujg niespotykane dotad bogactwo opisu stanu zdrowia populacji i
ich walki z réznymi chorobami. Na catym Swiecie popularnos¢ RWE wzrasta, cho¢ ich catkowity
potencjat zdecydowanie przewyzsza ich aktualne wykorzystanie. W dalszym ciggu dowody z praktyki
klinicznej sg stosowane relatywnie wasko, a ich najwieksza popularno$é¢ czesto ogranicza sie do
rejestracji produktéw farmaceutycznych lub decyzji refundacyjnych. Jednoczesnie kluczowy obszar ich
faktycznego wptywu na wyniki zdrowotne i zachowania pacjentéow jest zbyt rzadko mierzony,
analizowany i wykorzystywany w procesach decyzyjnych. Szersze uzycie RWE, m.in. w optymalizacji
farmakoterapii w warunkach praktyki klinicznej zapewnia bardziej catosciowe i praktyczne zrozumienie
wynikéw leczenia, kosztéw i implikacji w Swiecie rzeczywistym, dostarczajgc cennych spostrzezen do
podejmowania decyzji w oparciu o dowody i opracowywania polityki w warunkach systemu opieki
zdrowotne;.

Niniejsza rozprawa doktorska przedstawia wybrane aspekty wykorzystania danych RWE w
kontekscie spotecznych implikacji farmakoterapii w Polsce, podkreslajgc rownoczesnie jej potencjat
jako kluczowego narzedzia dla planistéw polityki zdrowotnej. W rozprawie zwrdécono uwage na
wieloaspektowy wptyw farmakoterapii, wykraczajacy poza opieke zdrowotng, a rozciggajacy sie na
takie obszary jak dobro pacjenta, produktywnosé pracownikéw i zrbwnowazony rozwdéj gospodarczy.
Kluczowga kwestig poruszong w rozprawie jest znaczenie wykorzystania dostepnych Zrédet danych do
skutecznego planowania, monitorowania i oceny wynikéw interwencji farmakologicznych w celu
optymalizacji alokacji zasobdéw i uzyskania maksymalnych korzysci z jej stosowania.

Rozprawa sktada sie z czterech powigzanych tematycznie artykutéw naukowych
opublikowanych w recenzowanych czasopismach. W artykule 1 przedstawiono kwestie choroby
rzadkiej, badajac jej wptyw na pacjentédw, opiekundw, placéwki opieki zdrowotnej i system
finansowania publicznego. Na podstawie studium przypadku rdzeniowego zaniku miesni (ang. spinal
muscular atrophy, SMA) w artykule opisano efekty wdrozenia programu opieki nad pacjentami, ktory
wplynat na uzyskanie poprawy wynikéow klinicznych pacjentéw przy jednoczesnym utrzymaniu
catkowitych kosztéw na przewidywalnym poziomie. Zostato to osiggniete rdwniez poprzez inicjatywy
takie jak program badan przesiewowych noworodkéw, czyli potozenie nacisku na proaktywne
podejscie do opieki zdrowotnej. W artykule 2 zbadano zwigzek miedzy konsumpcjg srodkéw

farmaceutycznych a produktywnoscig pracownikéw, szczegdlnie w kontekscie pandemii Covid-19.



Podkresla on rozbieznos¢, w przypadku ktdérej pomimo znaczgcych zmian w zachowaniach
pracownikéw spowodowanych pandemia, wykorzystanie lekdw nie zmienito sie w znaczacy sposéb.
Eksponuje to problem polityki zdrowia psychicznego i sugeruje potrzebe dalszych badan i dziatan
politycznych w celu zaadresowania potrzeb pacjentéw w tym aspekcie. W artykule 3 omdwiono
potencjalne korzysci z substytucji lekow generycznych jako narzedzia polityki wywierajgcego
pozytywny wptyw na pacjentéw i ptatnika. Podobnie Artykut 4 ukazuje wyzszos¢ terapii skojarzonej
pod wzgledem kosztdw i przestrzegania zalecen przez pacjenta w porownaniu z podejsciami
alternatywnymi.

Praca jest zwieficzona praktycznymi implikacjami, opowiadajac sie za wykorzystaniem danych
do optymalizacji farmakoterapii w celu osiggniecia korzysci spotecznych, takich jak zmniejszenie
kosztéw dla pacjentow i ptatnika publicznego, poprawa wynikéw zdrowotnych, lepsze stosowanie sie
do zalecen lekarskich i zwiekszona produktywnos¢ pracownikéw. Kluczowe rekomendacje obejmuja
wieksze wykorzystanie RWE w ksztattowaniu polityki zdrowotnej i optymalizacji farmakoterapii,
zwiekszanie dostepu do opieki i diagnostyki, promowanie optymalnego wyboru terapii i jej
przestrzegania, zwiekszanie $wiadomosci na temat korzysci ptyngcych z farmakoterapii oraz
inwestowanie w inicjatywy takie jak badania przesiewowe noworodkéw pod katem chordb rzadkich.

Podsumowujac, praca ta podkresla znaczenie optymalnej farmakoterapii w ksztattowaniu
polityki zdrowotnej i oferuje wglad w to, w jaki sposéb mozna wykorzysta¢ dane, aby stawi¢ czota

wyzwaniom spotecznym i poprawié efektywnos¢ opieki zdrowotnej w Polsce.

3. Summary of the dissertation in English

Real-World evidence (RWE) is a dynamically developing field in public health science, as it
offers previously unprecedented richness in describing the health status of populations and their
struggle with various diseases. Despite the rise in the use of RWE worldwide, its full potential is yet to
be realized. RWE continues to be formally used in a relatively narrow way, and its popularity is often
limited to registration of pharmaceuticals or reimbursement decisions. At the same time, the key
element of the actual impact on patients’ outcomes and behaviors is at the moment rarely measured,
analyzed and utilized in decision making in healthcare. Hence, further use of RWE in optimizing
pharmacotherapy offers a more holistic and practical understanding of treatment outcomes, costs,
and real-world implications, providing valuable insights for evidence-based decision-making and policy

development in healthcare systems.



This doctoral thesis presents the selected aspects of RWE utilization in the context of the
societal implications of pharmacotherapy in Poland, emphasizing its potential as a crucial tool for
health policy planners. The dissertation highlights the multifaceted impact of pharmacotherapy
beyond healthcare, extending to areas such as patient wellbeing, worker productivity, and economic
sustainability. It emphasizes the importance of utilizing available data sources to effectively plan,
monitor, and assess the outcomes of pharmacologic interventions to optimize resource allocation for
the purpose of achieving maximum available societal benefits.

The thesis consists of four thematically linked scientific articles published in peer reviewed
journals. In Article 1, the focus is on the management of rare diseases, examining its impact on
patients, caregivers, healthcare facilities, and the public financing system. Through the case study of
spinal muscular atrophy (SMA), the article demonstrates the feasibility of implementing a system that
improves patient outcomes while maintaining costs within a manageable budget. This was feasible
also by the introduction of initiatives like the newborn screening program, which emphasizes a
proactive approach to healthcare. Article 2 explores the link between pharmaceutical consumption
and worker productivity, particularly in the context of the COVID-19 pandemic. It highlights a
discrepancy where despite significant changes in worker behavior due to the pandemic,
pharmaceutical consumption remained unaffected. This underscores an issue in mental health policy,
suggesting a need for further investigation and policy action to address underlying issues. Article 3
discusses the potential benefits of enforced generic substitution as a policy tool to positively impact
patients and the public payer. Similarly, Article 4 demonstrates the superiority of combination therapy
in terms of cost and patient adherence compared to alternative approaches.

The thesis concludes with practical implications, advocating for the use of pharmacotherapy
to achieve various societal benefits such as reduced costs for patients and public payers, improved
healthcare outcomes, enhanced treatment adherence, and increased worker productivity. Key
recommendations include stronger utilization of RWE in shaping health policy and optimizing
pharmacotherapy, widening of access to care and diagnosis, promoting optimal therapy selection and
adherence, increasing awareness of the benefits of pharmacotherapy, and investing in initiatives such
as newborn screening for rare diseases.

Overall, this work underscores the importance of optimal pharmacotherapy in shaping health
policy and offers insights into how data can be leveraged to address societal challenges and improve

healthcare outcomes in Poland.
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4. Introduction
4.1 Health status of the Polish population

Despite significant advancement that Poland has made even over the last 10 years, the health
status of the population is poorer than in case of other European countries [1]. Life expectancy at birth
in Poland is estimated to be at 77,4 years for both sexes in 2022. In Czech Republic it is 79,1 years, in
Germany 80,7 years, in Sweden 83,1, in Spain 83,2 years.

The OECD and Eurostat have developed additional measures to capture and compare the
health status between countries. The organizations define:

e preventable mortality — deaths before the age of 75 that could have been avoided through
effective public health and primary prevention interventions (to reduce incidence of disease)

e treatable mortality — deaths before the age of 75 that could have been avoided through timely
and effective health care interventions, including secondary prevention and treatment;

In terms of treatable mortality, an estimated 117 deaths per 110 000 population in Poland in
2020 could have been avoided by improved healthcare interventions. In comparison, the same
indicator in the same period for Czechia was 99, in Germany 66 and in Spain 51.

The presented data reinforce the need for improvements in accessibility and quality of

healthcare interventions in Poland.

4.2 Healthcare spending in Poland

The costs of healthcare have been growing on a continuous basis over the last years. According
to data from OECD, the per capita spending for healthcare in Poland increased from 3 032 PLN in 2015
to 5459 PLN in 2022 [2], the most recent available data. The resulting annual growth is 8.8%.
Comparatively, real GDP in the same period grew at an average rate of 4.1% per year [3]. The figures
indicate that the issue of healthcare expenditures’ dynamic in the economy requires remediation.

Within the healthcare budget of the National Health Fund (NFZ, pol. Narodowy Fundusz
Zdrowia) for 2024, expenditures on drugs are the second largest category, after inpatient care in a
hospital setting. Out of the total budget of 157.6 billion PLN, 21.1 billion PLN was devoted to
pharmaceuticals (including community pharmacy reimbursement, drug programs and chemotherapy)

[4].
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Figure 1 Split of the 2024 healthcare budget of the NFZ in Poland
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Source: Own analysis based on NFZ data [4]

4.3 Role of pharmacotherapy optimization in the healthcare system

Proper application of pharmacotherapy is associated with improved health state, chronic
disease management, alleviation of negative symptoms, shortened inpatient stays, diminished
requirement for other healthcare services. Improper pharmacotherapy or lack thereof will lead to
worsening of the situation in all of the mentioned aspects [5, 6]. This in turn leads to increased
healthcare costs across multiple budget categories presented above. Moreover, the impact of
foregone medical benefits related to lack of appropriate pharmacotherapy will extend beyond
healthcare, exerting negative externalities on the patients and their families, worker productivity and
the economy [7]. The field of pharmacoeconomic science deals with the issue of measurement of direct
and indirect costs [8] of healthcare interventions, and the impact of those on budgets [9]. Therefore,
it can be considered best practice to look to pharmacoeconomic evaluations to answer the question

on how to efficiently spend money on healthcare.

4.4 Real-World Evidence (RWE) as a resource for knowledge on measuring healthcare interventions

Real-World Evidence is an umbrella term that refers to insights relating to patient health status
and/or delivery of health care that is collected with some regularity from a myriad of sources [10].

RWE arises from the analysis of the so-called Real-World Data (RWD). This data could take the form of

12



[11]: electronic medical records (EMR), patient registries, medical or insurance claims data, digital
health technologies, like wearable devices or apps, and others. Alternatively, it can be defined as data
on topics related to health of an individual or group of individuals that do not come from rigorously
controlled clinical trials but instead were generated in everyday setting.

The popularity of RWE has been increasing dynamically over the past years, for several
reasons: It offers information previously unavailable to decision makers, it reduces the impact of some
of the potential bias caused by meticulous recruitment of patients into clinical trials, instead offering
a look into the world as it really is — with all the comorbidities, patient compliance issues, inadequate
access to care etc. Official regulatory bodies responsible for evaluating healthcare interventions, like
the FDA [12], EMA [13], NICE [14] and Polish AOTMIT [15] are increasingly interested in looking at the
conclusions brought about by RWE to guide their decision making.

RWE can be used in multiple ways to inform various policies on the impact of interventions or

burden of disease for the society. Examples of RWE applications are listed in Table 1.

Table 1 Examples of applications of RWE

Result of application of RWE Example measure Source of data

Complication rates or mortality in | Medical claims data
Clinical effectiveness
a specific diagnosis

Comparing the prices of available | Effective prices in
Treatment affordability for | treatment options and | pharmacies, GUS data on
patients juxtaposing them with median | wages

income

Verifying purchasing of prescribed | Medical claims data
Adherence to treatment pharmaceuticals to a specific
individual over time

Linking together cost-generating | EMR
Cost of illness for the healthcare

events to the underlying cause or
system

diagnosis

Loss of productivity of workers in | Social insurance data, EMR
Indirect impact of disease on

the economy due to illness-
society

related absenteeism
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Source: Own analysis

The application of RWE for assessment of health interventions and policies is widespread
across the world.

In Germany RWE was used for example to evaluate the impact on the German healthcare
system of appraising new digital applications [16], or to quantify the unmet need in diabetes [17]. In
Italy, a database of prescription drugs dispensing allows for an in-depth analysis on the prevalence and
incidence of psychiatric disorders [18]. In Estonia, data from a stroke registry enabled monitoring of
patient outcomes following stroke treatment [19]. In Poland, numerous analyses utilizing RWE are
published on the NFZ site via reports and dashboards, to expand the understanding of the health status
and behaviors of Polish patients. Some of the recent publications focus on depression [20], ischemic
brain stroke [21] and obesity [22].

Despite its attractiveness, RWE has shortcomings that inhibit its wider use and the
generalizability of the conclusions across borders [23]. Kamusheva et al. (2022) classify the barriers
into 4 areas: technical, regulatory, clinical/scientific and perceptional. The first category is related to
organizational or financial capacity to curate and use the data. Regulatory barriers include lack of
unified or standardized guidance on its use, lack of requirements, frequently changing regulation
related to RWE. Clinical and scientific barriers relate to uniqueness of demographic, racial or genetic
characteristics of the evaluated populations, differences in epidemiology, variations in disease
severity, different setup of the healthcare systems that impact care delivery, lack of transparency in
the design, execution and reporting of RWE-centered studies, among others. Finally the perceptional
barriers include the uncertainty in the quality of the evidence and lack of trust in the results due to
lack of access to the underlying data or the protocols of analysis.

Because of that, development of a “one size fits all” guidance that would be specific enough
to address the underlying complexity of the research question or that would guarantee success
regardless of the place of application is difficult if not completely unlikely. Instead, there are multiple
facets of best practices [24-27] developed based on expert knowledge, case studies in specific disease,
geographies and the setting of healthcare system.

Due to the cited shortcomings of RWE [28], data from clinical trials is still preferred by
regulatory agencies in formal decision making. This is true mostly for drug registration or

reimbursement. However, in fields where randomized clinical trial (RCT) data is scarce and difficult to
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produce, RWE utilization is more popular. This is the case for non-pharmaceutical technologies, like
applications and mobile health solutions, or orphan diseases, as well as activities aimed at prophylaxis
and raising patient awareness.

At the same time, even in light of challenges on a supranational level, local application can still
be extremely valuable. The dissertation focuses on the utilization of RWE in health policy-related
decision making because of the potential it offers for the local healthcare system. In Poland, the
availability of high quality RWD data sources are growing. Multiple institutions collect large amounts
of information that has potential for evidence generation for matters related to healthcare. The
databases owned by NFZ, ZUS or the MoH contain years’ worth of data on the status and trends in the
Polish population. With the advent of data science, including but not limited to machine learning,
natural language processing and artificial intelligence algorithms it is becoming easier to analyze the

information and connect it to external sources creating a comprehensive view of the issue at hand.

5. Aim of the thesis
5.1 Scientific aims of the thesis

With the increasing costs and persistent gap in health status and outcomes of the Polish
population versus other countries, the healthcare system in Poland requires policy interventions aimed
at improving outcomes and delivering more care to patients while maintaining fiscal prudence and
dealing with increasing resource scarcity. Those optimization efforts need to take into account the
interdependencies of the healthcare ecosystem and preferably address the issues at their root cause
instead of the symptoms. Hence, it is not always the best solution to merely cut expenditures where
they are highest.

This is why in this work the new evidence is presented on the ways in which optimization of
pharmacotherapy can be utilized for the overall purpose of improving healthcare in Poland.

Secondary goals include: to encourage the utilization of RWE for decision making in healthcare,
to specify the role of pharmacotherapy management in selected diseases (rare and prevalent); to
explore the effects of insufficient effectiveness of pharmacotherapy and to analyze the financial

aspects of pharmacotherapy management.
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5.2 Research hypotheses

The series of articles aims to verify the following hypotheses:
H1. RWD can be used in guiding of health policy (Articles 1, 2, 3, 4)
H2. Properly functioning management of pharmacotherapy as a tool of health policy can bring clinical
benefits for patients. (Article 1)
H3. Pharmacotherapy management can be used to generate savings in the healthcare system (Articles
3,4)
H4. Effects of insufficient or underused pharmacotherapy may materialize in reduced worker
productivity and reliance on social benefits. (Articles 2)
H5. Pharmacotherapy is not always used optimally in Poland at the moment. (Articles 2, 3)
H6. There are areas for improvement in pharmacotherapy in Poland that would be associated with

clinical and cost benefits for patients and payers. (Articles 1, 3, 4)

6. Material and methods

The Articles included in the dissertation present an array of numerical methods of analyzing
and presenting data, common in scientific literature on the topic. All articles utilize data representative

for the Polish population.

6.1 Article 1

The first included publication covers the topic of effectiveness and costs of a drug program in
patients with a rare genetic disorder, spinal muscular atrophy (SMA) in Poland. SMA, despite being a
rare disease, is still relatively common and affects a considerable number of patients and their families
in Poland. It is also one of the costliest rare diseases for the payer [29]. It compares the clinical effects
of establishing access to treatment to two separate patient groups, and separately evaluates the costs

incurred by the public payer for treatment of the total population suffering from the disease in Poland.

6.1.1 Data

In Article 1 the primary source of data was the databases of the National Health Fund
(Narodowy Fundusz Zdrowia, NFZ), which contains information on all benefits granted to patients

financed from public sources. Stored information includes patient identifier, patient age, patient
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gender, benefit granted, date of benefit delivery, benefit provider identifier, cost incurred by the payer
and other supplementary information. The NFZ database enables longitudinal tracking of selected
patients throughout an analysis period. In this article, a specific population of patients was first
selected from the general database, and later tracked across several years. The selection of patients
of interest was based on a defined set of rules (number of visits of specific type, timing of visits, year

of birth, etc.). all cost data for the selected patients where sourced from the database and aggregated.

6.1.2 Methods

To analyze treatment effectiveness in patients with SMA a retrospective natural experiment
was conducted. Since access to disease modifying treatment has been established for patients only
since January 2019, a comparative analysis of two separate cohorts of patients was selected (those
bornin 2014 and in 2019) and evaluated on two endpoints: all-cause mortality and onset of mechanical
ventilation. The disease has a progressive nature — once a patient moves to mechanical ventilation,
they do not experience improvement in their condition. Survival analysis and Kaplan Meier curves were
used to describe the effect of the treatment on the total population of patients in the specific, distinct
cohorts.

To analyze epidemiology of the disease in Poland as well as burden on the public payer, the
cost data for the entire SMA population in Poland was retrieved from the NFZ database and aggregated
by year and type of benefit received by the patient. Additionally, data on expenditures on the drug was
sourced from publicly available NFZ reports.

Since NFZ is the sole payer in the public healthcare system, and patients with SMA require
highly specialized care, it is assumed that the entire population of patients was captured in the analysis.

As such, no statistical method other than descriptive statistics was used in the presentation of results.

6.2 Article 2

This publication analyzes the behaviors of prescribers and patients with depression or anxiety
in Poland in the period before and during the COVID-19 pandemic, in terms of consumption of

pharmaceuticals and utilization of social benefits (sick leaves).
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6.2.1 Data

Two types of data were used in the analysis. One type of information was related to
consumption of pharmaceuticals procured by patients in community pharmacies. The data came from
IQVIA Pharmascope®, a syndicated proprietary database of the IQVIA corporation. It contains data on
the specific SKU (Stock Keeping Unit) of products sold in pharmacies, the date stamp, and the value of
the transaction. Various additional data on the product is available, including the active substance
contained within, WHO classification of the product, manufacturer, reimbursement status of the SKU
in the transaction, etc. The database has national coverage in Poland and is representative of the entire
country. The pharmaceutical consumption data spanned from January 2018 to October 2021.

The second type of data came from the Polish Social Insurance institution (Zaktad Ubezpieczen
Spotecznych, ZUS) and it covered the duration and frequency of sick leaves taken by adult individuals
in relation to their own indisposition caused by a diagnosis of psychiatric nature. Similarly, the data
had national coverage since ZUS is the sole provider of this type of benefits in Poland. The sick leave

utilization data spanned from January 2018 to April 2021.

6.2.2 Methods

Analytical methods employed in this article included descriptive statistics for the relevant
subsets of available data, Correlation Analysis and Interrupted Time Series Analysis, to test for the

impact of the onset of the pandemic on the mental condition of patients in Poland.

6.3 Article 3

The article covers the topic of generic substitution in community pharmacies in Poland, which
is a practice of exchanging the product originally prescribed by a physician to an equivalent product
from a different manufacturer. The reasoning behind this procedure is predominantly the cost

difference for both patients and payers associated with brand name or copycat products.

6.3.1 Data

The data used for this study was the custom created database, which combined information
from two sources:

1. E-prescriptions issued by physicians,
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2. Dispensation data on actual transactions within community pharmacies.
Both data sources were in possession of the NFZ, and unique identifiers enabled the establishing of
the connection between them to track the actual behaviors of patients.

Metformin, a commonly prescribed drug to treat the prevalent condition of diabetes, was used
as a model drug to illustrate the scope and impact of the generic substitution phenomenon in the
Polish system.

Regularly published official MoH reimbursement lists were used to assign the relevant prices
to the products to calculate cost differences between the product prescribed and dispensed.

The data covered in this article spanned from January to December 2019.

6.3.2 Methods

Similarly, as in the case of previous articles, basic statistical analyses including descriptive

statistics, percentages and aggregated values were used in results presentation.

6.4 Article 4

This article explores the treatment patterns of patients suffering from hypertension in Poland
and focuses specifically on the instance of loose and fixed combinations of a commonly prescribed

medications and its financial impact for patients and the public payer.

6.4.1 Data

The analysis relied in part on the proprietary software of IQVIA Corporation (formerly IMS
Health), called the “LRx”, which is an application that analyzes longitudinal patient behaviors on the
market based on the individual transactions recorded in community pharmacies across Poland.

Additionally, the entire market volume and value for hypertensive medication was sourced
from IQVIA Pharmascope database. Reimbursement levels for specific SKUs were retrieved from the
official reimbursement lists.

The data covered in this article spanned the period from January 2014 to August 2015.
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6.4.2 Methods

In the description of the behaviors of the population treated for hypertension, the utilized tool
classifies the patient into specific group depending on their purchase (treatment) history. This enabled
an evaluation of the size of the regularly treated population along with a dynamic flow of patients from
one therapy to another, initiations, and abandonment. Thus, selected groups were later examined for
the economic evaluation of the behavior, which could also be named treatment strategy.

In Article 4 one specific case is analyzed, that of patients who purchase two active ingredients
in distinct packs (defined as a loose combination) in comparison to the alternative, which was the
purchase of the exact same active ingredients in a single pack. Price differences were analyzed from

the perspective of both patient and payer.

7. Summary of the results
7.1 Article 1

In the analysis of the effectiveness of nusinersen before and after the introduction of the drug
program two cohorts of 45 and 51 patients respectively were compared. The observed difference in
mortality in children afflicted with the disease was a reduction by 25 percentage points, a statistically
significant result. At the same time, when the focus outcome was extended to include induction of
mechanical ventilation along with mortality, the difference between the two cohorts became
insignificant. With the extended scope of outcomes, we found median survival of the control cohort
to be 823 days, while the group subject to treatment did not reach the median point after 1382 days
of observation.

When the analysis was extended to look at the entire treated population of SMA patients in
Poland, at the end of the observation period 875 patients had had been treated within the drug
program, 53% of whom had been male with a median age of around 16 years. A narrow majority of
the patients were underage. The size of the population with SMA3 was roughly twice as large as either
SMA1 or SMA2, for both genders.

Reimbursement of drugs was found to amount to about 37 million EUR annually, while the cost
of healthcare benefits was around 4,5 million EUR. Treatment of patients with the most severe
presentation of the disease consumed about 60% of resources despite pertaining to roughly 20-30%

of the total treated population, depending on year. The importance of long-term care in the total costs
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was inversely correlated with the severity of the presentation of the disease. We found that as the
program progressed into the fourth year of its operation, the average costs per patient by type of
service stabilized, indicating efficiencies in delivery of benefits.

As the overall healthcare benefit costs granted to patients included in the program did not
increase with growing treated population, this indicates growing operational effectiveness of health
services delivery with growing familiarity of specific providers of the needs of this patient group —
improved service delivery pathways, moving of services from very cost intense inpatient treatment to
other channels and optimization of care organization. Average costs per patient decreased from
10,711 euro per person per year to 5,481 euro in the third year, a 48% drop. This result was achieved
despite reduced mortality, which meant that more patients requiring costly intensive care survived for

longer.

7.2 Article 2

Depression affects a significant portion of the Polish population, with prevalence estimates
ranging between 3.17% [30] - 3.85% [31] of adults. Simultaneously, the lifetime prevalence of anxiety
attacks is estimated at 7% in the EZOP Il study, equivalent to 1.3% annually. It is estimated that there
are around 2.2 million people who have suffered from anxiety in Poland. While those conditions may
share similar symptoms in selected areas, they do not always occur together. Comorbidity of those
conditions has been verified to be substantial [32, 33], ranging from 33.7% up to 65%. This indicates
that the overall population of depression and/or anxiety in Poland can range from 2.2 to 3.0 million
people annually. According to the NFZ, around 1.38 million people took advantage of reimbursed
products to treat depression and anxiety [34]. The discrepancy between those figures shows that a
substantial number of people in Poland currently do not receive reimbursed treatment, indicating a
potential therapy gap.

The situation was further complicated by the onset of the global pandemic, an event
unprecedented in the history of modern healthcare systems. COVID-19 has been proven to create
mental burden on populations globally, exacerbating existing mental conditions and inciting them in
previously healthy patients. Article 2 describes the gap between the treated population and the
productivity reduction caused by the focus disorders that were brought about by COVID.

No significant changes in behavior were observed on the pharmacotherapy side during the

pandemic: the trend in consumption of antidepressant and antianxiety medication was found to be
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strictly increasing at a pace of approximately 1% month to month. No differences were identified in
the pre-pandemic period and since its outbreak, nor were there any differences between product
groups. A gradual move towards larger doses purchased within a single pack was observed, indicating
that some of the increase in consumption could have been associated with intensification of therapy,
reducing the evidence pointing to introduction of new patients to treatment.

Sick leaves painted a wholly different picture. Before the pandemic there were roughly 70,000
sick leave notes issued for the diagnoses related to depression and anxiety in Poland monthly. Between
January 2018 and January 2020, the number has been increasing at a pace of 0.44% monthly. When
the pandemic started in March 2020, the number of sick notes grew to 107,000 in March 2020 and
reached a peak in April 2020 at 132,000, later falling to a steady level of 91,000 monthly.

The levels of sick leaves issued due to depression and anxiety increased by 27%, a figure which
excludes the peak associated with the onset of the pandemic which may paint a biased picture due to
the uncertainty of the market that might have been reflected in the number of sick leaves issued. This
result points to two explanations: that in areas where therapy was previously effective in sustaining a
patient’s ability to work, was no longer enough after the onset of COVID, indicating loss of treatment
efficacy; that patients who had not been previously treated for depression or anxiety became ill

without the induction of proper efficacious pharmacotherapy.

7.3 Article 3

According to the analyzed data, almost eleven million prescriptions for metformin
preparations were dispensed in Poland, for a cumulative 19.6 million packs of various medicinal
products containing metformin. As many as 75% of these prescriptions led to the dispensation of
generic drugs, which altogether accounted for 70% of the total number of packs dispensed. The total
cost of the dispensed metformin was 298.6 million PLN, of which 192.2 (64%) was covered by the public
payer in reimbursement and 106.4 (36%) was covered by patients as out-of-pocket co-payments. The
share of the generic drugs was 67% in total costs, with the rest going to the originator brand name
product.

Despite the possibility of dispensing the drug with generic substitution, only 4% of all
transactions took advantage of this mechanism. On average, substitution of the originator or other
generic for a cheaper version constituted savings in the scope of 0.99 PLN per pack for the patient and

0.28 PLN for NFZ. Had substitution been optimized, so as to revert to the least costly available version
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of the product, the savings could be extended to 1.78 PLN for the patient and 0.94 PLN for the public
payer per pack. Cumulatively, the patients could reduce their spending on metformin preparations by
15.9% and the payer by 8.3%, so theoretically up to 33 million PLN per year on a single product. This
result positively verifies hypothesis 1, that changes in the management of pharmacotherapy on

societal level are associated with tangible financial effects.

7.4 Article 4

Ramipril was the most frequently prescribed angiotensin converting enzyme inhibitor (ACEI) in
Poland for hypertension, with approximately 2 400 000 patients treated regularly. Its popularity was
the primary reason this drug was chosen for further analysis. The second most popular drug —
perindopril — was used by approximately 80 000 patients. From January 2014 to March 2015 the
number of patients treated with ramipril grew month on month to reach a plateau in March and April
2014, followed by a slow decline.

The number of patients treated with fixed dose combinations was much lower with 30 000 and
25 000 patients receiving perindopril-indapamide and perindopril-amlodipine products, respectively.
Ramipril-amlodipine combination, although not the most prescribed, was the most dynamically
increasing group by patient volumes. Hypertension therapy was associated with considerable
complexity at the time, due to multitude of combinations of available preparations and dosing.

Evaluation of the benefits of adopting a treatment strategy to reduce the number of products
a patient is using was the focus of the latter part of the article. Switching a patient from a loose
combination to a fixed dose combination is associated with clinical benefits of improved adherence to
treatment, as well as reduced costs for patients and the public payer. When patients move from
purchasing two separate packs of hypertension medication to a single pack containing a fixed dose
combination the ultimate result is savings for both patient and payer, varying in level depending on
the dosing of the drugs. Patient savings were higher when the switch occurred to generic formulations
of ramipril and amlodipine fixed dose combination that to the originator. In case of the originator
savings were larger for the public payer. Interestingly, the effect of savings generation did not hold for

other fixed dose combinations of ramipril.
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8. Discussion

Societal use of pharmacotherapy is a broad field that has far reaching implications in Poland
that extend beyond the healthcare system itself. This dissertation aimed to frame pharmacotherapy
as a key tool at the disposal of policy planners to improve quality of care, patient wellbeing, worker
productivity and economic sustainability. It is also evident that the importance to utilize available data
sources to plan, monitor and assess the effectiveness of pharmacologic interventions in order to
adequately distribute limited healthcare resources to the greatest societal benefit is rising.

Article 1 looks into the currently implemented rare disease management program, targeting
the most vulnerable members of the population. The disease affects not only the patient, but also has
a large impact on their immediate surroundings because of the necessity to care for them on a
permanent basis, thus impacting their carers’ ability to hold employment. Provision of necessary
healthcare interventions rests on a network of interdependent facilities that must coordinate between
each other and be located efficiently enough to be available at the right time. Lastly, the burden on
the public financing system is significant and requires oversight not to spiral out of control. The case
of SMA shows that it is indeed possible to devise a system that improves on patient’s health outcomes
(reduces mortality) while costs remain at predictable rates and even decrease with improvements and
knowledge gained over time. Newborn screening program [35] introduced in this field is an example
of an approach that focuses on prevention and preparation ahead of time, instead of reactive actions
only when the symptoms arrive. It is a clear instance of conducting a cost benefit analysis, where the
costs of performing hundreds of thousands of genetic tests every year enable early induction to
therapy that postpones the development of severe irreversible symptoms and mortality in case of very
few patients.

Article 2 focuses on the connection between pharmaceutical consumption and worker
productivity in depression and anxiety, disorders that touch a significant portion of the population in
times of an unprecedented event of a global pandemic. COVID-19 was a disruption in the daily lives of
people around the world and introduced an impulse not seen for a century [36]. Moreover, studies
have been published detailing the scale of the mental health burden in Poland during the pandemic
[37]. It created a natural experiment that enables a clear before and after analysis of behaviors. We
found that whereas workers’ behaviors were significantly and permanently affected by the pandemic,
the purchasing of drugs aimed at combating those effects was not. This may be a symptom of an issue

in the field of mental health that exists in Poland [38] that requires not only further investigation but
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actions on the policy side. Instead of public financing for relatively inexpensive pharmacotherapy, we
as a society bear the much larger cost of worker idleness and consequential reduction in economic
productivity [39].

Data on numerous topics is becoming omnipresent. It is being collected at an unprecedented
pace and scale, and it is being shared between multiple stakeholders, in many situations in real time.
This free flow of information about all things health related offers a new perspective for shaping the
incredibly complex ecosystem. It also fosters a new way of thinking about data collected in a particular
field — it promotes a holistic rather than targeted approach. As an example, the connection between
drug consumption and worker productivity enables the view of the link between patient’s well-being
and their performance in the workforce.

It is no longer enough to look at data on drug consumption on its own, since it also affects the
pharmaceutical supply channel (pharmacies [40], wholesalers, mass market outlets), and thus may
have consequences in advertising, dietary supplements [41] and market concentration among large
private retail chains. In Article 3 it is argued that improved use of available policy tools, here in the
form of enforced generic substitution, would generate positive impact for patients and payer [42].
Similar conclusions were reached in Article 4, where it was demonstrated how a choice of a
combination therapy was superior in terms of cost and patient adherence to alternative approach.

Naturally there are limitations of the presented analysis. In Article 1, the limitation is related
to the heterogeneity of the patient population in terms of disease severity and duration. It is possible
that some cases had been missed due to mortality before diagnosis. Moreover, the cohort comparison
was limited to only two groups, arbitrarily differentiated by year of birth. More nuanced analysis of
subpopulations would be warranted in this case to verify the sensitivity of the results. In Article 2, the
analysis was conducted while the pandemic was still ongoing, thus limiting the estimation of the full
effect of the described phenomena. Secondly, due to the aggregate nature of the data it was not
possible to detect underlying granular trends. The monthly format of the data inhibited a more
detailed and sophisticated approach to analysis. Conclusions in Article 3 were formulated solely on an
example of a single medicinal product, which despite its obvious importance to the healthcare system,
may not be unconditionally representative of the full spectrum of the impact of generic substitution
or its economic consequences for Poland. Focus on e-prescriptions may have contributed to the
underrepresentation of some groups of patients or behaviors, which would not have been accounted

for in the analysis. Limitations of Article 4 include lack of formal effectiveness measures to assess the
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impact of switch from loose to fixed dose combinations on patients’ treatment adherence and a
somewhat narrow, targeted approach looking on a single treatment option in an environment where
multiple strategies are at doctors’ disposal.

The scientific inquiry presented in this thesis adds empirical evidence on selected health-
related issues facing the Polish population and presents methodologies and tools that can be employed
to monitor and evaluate healthcare policy programs or interventions aimed at addressing those issues.
Specifically, for rare diseases or life-saving medication the evaluation of real-life treatment
effectiveness measured by patient mortality can be a compelling argument in deliberation on
reimbursement conditions. For mental health issues that can be influenced by geopolitical factors, of
which the recent pandemic can be an example, it is valid to conduct verification from multiple angles
—including not only patients’ treatment adherence but also their activity in the workplace. Thirdly, as
treatment compliance is a key factor in proper disease management, the financial aspect of
maintaining affordability of drugs and promoting solutions that offer economic benefits to patients on

top of clinical ones is an example of a win-win scenario in the setting of the entire healthcare system.

9. Conclusions

The research presented in this dissertation provides additional evidence from clinical practice
in Poland on the impact of RWD on health policy planning. Real-World Data can be successfully used
for this purpose in a number of ways, verifying hypothesis 1: First, to monitor the effectiveness of
already established initiatives, like drug programs aimed at treating orphan diseases, as presented in
Article 1. The investigation of the achieved clinical benefits can serve as argument in reimbursement
discussion with manufacturers of drugs or become a reference for future agreements also in other
therapy areas, where conditional reimbursement would be considered. Second, to maintain control
over the budget and monitor expenditures, as highlighted in Article 1, where the longer-term cost
accrual compared to the growing size of the treated population proves that the program becomes
predictable in terms of costs and therefore is easier to plan for in the future. Third, RWE is a useful
source of information for constructing business cases for the justification of new policies or
investments in the healthcare space, as it enables the identification of current gaps and unmet needs,
as shown in Article 2 and Article 4. By approaching an issue like depression or anxiety from two angles,
treatment, and worker productivity, it is possible to pinpoint the existing mismatch between the two.

Furthermore, the underutilization of pharmaceuticals or the limited popularity of the superior option,
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like fixed-dose combinations, frames the problem to be addressed in awareness, education for both
patients and HCPs. Finally, RWE can be a prime source for calculation of the expected impact of
interventions, as presented in Article 3. Here, by mapping the current behaviors of patients and
prescribers it is possible to estimate the financial effect of incentivizing the move from one pack to
another. By further juxtaposing the financial gain against the costs of conducting the initiative, an
informed decision can be taken on its viability.

Effectively managed and efficiently functioning pharmacotherapy, like the one described in
Article 1, can bring clinical benefits to patients, which provides verification for hypothesis 2. In this
analysis, the hypothesis is tested on a very narrow and highly specialized indication of SMA, which
touches a small number of patients. However, the multifaceted approach employed in this case,
starting from screening for appropriate candidates for treatment, providing therapy to children before
symptom onset and longer-term monitoring shows that the holistic approach is associated with better
clinical outcomes.

To further build upon the point of the benefits of proper pharmacotherapy, evidence is
provided that the management of pharmacotherapy on a societal level also may have a positive effect
on the payer’s finances, in accordance with hypothesis 3. As shown in Articles 3 and 4, modification of
patients’ current therapy towards preferrable options available on the market may lead to lower costs
for both patients and the financing body. These moves would be made within the space of the current
therapy and would simply take advantage of differences in generic drug pricing, or the resulting price
impact of loose or fixed dose combinations.

While it was shown that advances can be made within the currently treated population, the
untreated or inappropriately treated one will generate costs that may be invisible to a single public
entity, like the NFZ. The example of patients in Poland dealing with depression and anxiety described
in detail in Article 2 shows that despite increasing consumption of medication, the underlying trends
do in fact point to an insufficient dynamic in the field of pharmacotherapy, and thus, to the existence
of a group of patients who are not benefitting from the available options. This effect materializes only
when additional information is taken into account, here in the form of social benefits and worker
productivity. The described negative effect allows for the positive verification of hypotheses 4 and 5.

Since flaws in the current state were identified, it is only natural for the opportunity to correct
those to arise, as stated in hypothesis 6. The evidence in Article 2 points to the potential of reducing

expenditures on social benefits and sick leaves in Poland. On top of generating savings as mentioned
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above, increased utilization of generic substitution and switching to FDC described in Articles 3 and 4
respectively could offer additional benefits to the population through increased adherence to
treatment, which in turn results in better management of the disease and reduction of progression

management costs.

10. Practical implications of the thesis

The results presented in the thesis showcase how pharmacotherapy can be used as a powerful
tool for health policy to achieve important societal benefits:
e Reduced costs for patients
e Reduced costs for public payer
e Improved healthcare outcomes
e Improved adherence to treatment
e Reduced costs for social insurance
e Improved worker productivity through reduction of iliness related absence

The presented points cover a wide range of applications for pharmacotherapy as a health
policy tool, from cost intensive rare disease management to commonly occurring chronic diseases.

An increased focus should be put on securing and appropriate access to care and diagnosis,
optimal therapy selection that would foster adherence, promotion of generic substitution aimed at
reduced costs for the system and increased affordability for patients.

Some of the key barriers mentioned include insufficient patient education and awareness of
the benefits of pharmacotherapy, unsupervised abandonment of therapy and insufficient promotion
of generic substitution as a tool of cost reduction. Further emphasis should be put on physicians to
increase the use of pharmacotherapy in mental disorders as a means of reducing the burden of sick
leaves on both workers and the economy, as well as prescribing of medication that offers economic
benefits and thus fosters treatment compliance.

In case of rare diseases, investment in newborn screening and comprehensive care from the
moment of birth is a valid tool that brings about clinical benefits in the form of reduced mortality as
well as manageable cost burden on the payer side with added benefit of continuous improvement and
optimization of spending with growing familiarity of the processes.

The use of RWE for the purpose of measuring, evaluating and analyzing healthcare

interventions and policies should be strengthened, by enabling researchers to gain access to the data
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from multiple sources, to aid the decision makers in taking timely actions for the sake of improving the

productivity of the Polish healthcare system.

11. References

10.

11.

12.

29

OECD, OECD Health Statistics (2023), Life expectancy at birth, available online:
https://stats.oecd.org/Index.aspx?Queryld=96018 [access November 11th 2023]

OECD, OECD Health Statistics (2023), Health expenditure and financing, available online:
https://stats.oecd.org/viewhtml.aspx?datasetcode=SHA&lang=en#, [accessed on May 18th
2024]

The Ministry of National Assets, “Wzrost gospodarczy w Polsce od 2015 r. Na tle innych
panstw Unii Europejskiej, 27.06.2023, available online: https://www.gov.pl/web/aktywa-
panstwowe/wzrost-gospodarczy-w-polsce-od-2015-r-na-tle-innych-panstw-unii-europejskiej
(accessed on May 18th 2024)

NFZ (2023), NFZ budget plan for 2024 as of September 29th 2023. Available online:
https://www.nfz.gov.pl/bip/finanse-nfz [accessed May 18th 2024]

Cutler, R. L., Fernandez-Limos, F., Frommer, M., Benrimoj, C., & Garcia-Cardenas, V. (2018).
Economic impact of medication non-adherence by disease groups: a systematic review. In
BMJ Open (Vol. 8, Issue 1, p. e016982). BMJ. https://doi.org/10.1136/bmjopen-2017-016982

Sokol, M. C., McGuigan, K. A., Verbrugge, R. R., & Epstein, R. S. (2005). Impact of Medication
Adherence on Hospitalization Risk and Healthcare Cost. In Medical Care (Vol. 43, Issue 6, pp.
521-530). Ovid Technologies (Wolters Kluwer Health).
https://doi.org/10.1097/01.mlr.0000163641.86870.af

Zhang, W., Sun, H., Woodcock, S., & Anis, A. (2015). lliness related wage and productivity
losses: Valuing ‘presenteeism.” In Social Science &amp; Medicine (Vol. 147, pp. 62-71).
Elsevier BV. https://doi.org/10.1016/j.socscimed.2015.10.056

Koopmanschap, M. A., & Rutten, F. F. H. (1993). Indirect Costs in Economic Studies. In
PharmacoEconomics (Vol. 4, Issue 6, pp. 446—454). Springer Science and Business Media LLC.
https://doi.org/10.2165/00019053-199304060-00006

Rai, M., & Goyal, R. (2018). Pharmacoeconomics in Healthcare. In Pharmaceutical Medicine
and Translational Clinical Research (pp. 465—472). Elsevier. https://doi.org/10.1016/b978-0-
12-802103-3.00034-1

FDA (2023), Real-World Evidence, available online: https://www.fda.gov/science-
research/science-and-research-special-topics/real-world-evidence [accessed on May 18th
2024]

Makady, A., de Boer, A., Hillege, H., Klungel, O., & Goettsch, W. (2017). What Is Real-World
Data? A Review of Definitions Based on Literature and Stakeholder Interviews. In Value in
Health (Vol. 20, Issue 7, pp. 858-865). Elsevier BV. https://doi.org/10.1016/j.jval.2017.03.008

FDA (2018) Frameworks for FDA’s Real-world Evidence Program, available online:
https://www.fda.gov/media/120060/download?attachment [accessed on May 18th 2024]



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

30

EMA (2023) Use of real-world evidence in regulatory decision making — EMA publishes review
of its studies, available online: https://www.ema.europa.eu/en/news/use-real-world-
evidence-regulatory-decision-making-ema-publishes-review-its-studies [accessed on May
18th 2024]

NICE (2023) NICE real-world evidence framework, available online:
https://www.nice.org.uk/corporate/ecd9/chapter/overview [accessed on May 18th 2024]

Wilk, N., Wierzbicka, N., Tomassy, J., Kloc, K., & Mocko, P. (2015). Adoption of Real World
Evidence in decision-making processes on public funding of drugs in Poland. In Journal of
Health Policy &amp; Outcomes Research (Issue 2, pp. 23-30). Fundacja Pro Medicina.
https://doi.org/10.7365/jhpor.2015.2.3

Esser, M., Boreham, A,, Ring, C., & Schreier, J. (2020). PNS100 The New Reimbursement
Route for Digital Health Applications (DIGA) in Germany: Critical Appraisal and First
Evaluation of the Possible Effect on the German Healthcare System. In Value in Health (Vol.
23, pp. S658-5659). Elsevier BV. https://doi.org/10.1016/j.jval.2020.08.1544

Charter, R., Yeung, A., Smith, M., & Hopley, C. (2016). The Assessment of Value for Medical
Devices: Using Real World Evidence (RWE) to Quantify Unmet Needs in Diabetes
Management. In Value in Health (Vol. 19, Issue 7, p. A703). Elsevier BV.
https://doi.org/10.1016/j.jval.2016.09.2046

Mirandola, M., Andretta, M., Corbari, L., Sorio, A., Nose, M., & Barbui, C. (2005). Prevalence,
incidence and persistence of antipsychotic drug prescribing in the Italian general population:
retrospective database analysis, 1999-2002. In Pharmacoepidemiology and Drug Safety (Vol.
15, Issue 6, pp. 412—-420). Wiley. https://doi.org/10.1002/pds.1162

Korv, J., Antsov, K., Gross-Paju, K., Kalju, ., Kreis, A., Liigant, A., & Vibo, R. (2022).
Developments in quality of stroke care in Estonia. In European Stroke Journal (Vol. 8, Issue
1_suppl, pp. 35-43). SAGE Publications. https://doi.org/10.1177/23969873221110745

NFZ (2024) NFZ o zdrowiu. Depresja. May 2024 Available online:
https://ezdrowie.gov.pl/portal/home/badania-i-dane/zdrowe-dane/raporty/nfz-o-zdrowiu-
depresja [accessed on May 18th 2024]

NFZ (2024) NFZ o zdrowiu. Udar niedokrwienny moézgu. May 2024 Available online:
https://ezdrowie.gov.pl/portal/home/badania-i-dane/zdrowe-dane/raporty/nfz-o-zdrowiu-
udar-niedokrwienny-mozgu [accessed on May 18th 2024]

NFZ (2024) NFZ o zdrowiu. Otytosc i jej konsekwencje. May 2024 Available online:
https://ezdrowie.gov.pl/portal/home/badania-i-dane/zdrowe-dane/raporty/otylosc
[accessed on May 18th 2024]

Kamusheva, M., Németh, B., Zemplényi, A., Kald, Z., Elvidge, J., Dimitrova, M., Pontén, J.,
Tachkov, K., & Mitkova, Z. (2022). Using real-world evidence in healthcare from Western to
Central and Eastern Europe: a review of existing barriers. In Journal of Comparative
Effectiveness Research (Vol. 11, Issue 12, pp. 905—913). Becaris Publishing Limited.
https://doi.org/10.2217/cer-2022-0065

Corrao, G., & Cantarutti, A. (2018). Building reliable evidence from real-world data: Needs,
methods, cautiousness and recommendations. In Pulmonary Pharmacology &amp;
Therapeutics (Vol. 53, pp. 61-67). Elsevier BV. https://doi.org/10.1016/j.pupt.2018.09.009



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

31

Zhao, X., Igbal, S., Valdes, I. L., Dresser, M., & Girish, S. (2022). Integrating real-world data to
accelerate and guide drug development: A clinical pharmacology perspective. In Clinical and
Translational Science (Vol. 15, Issue 10, pp. 2293-2302). Wiley.
https://doi.org/10.1111/cts.13379

Xia, A. D., Schaefer, C. P., Szende, A., Jahn, E., & Hirst, M. J. (2019). RWE Framework: An
Interactive Visual Tool to Support a Real-World Evidence Study Design. In Drugs - Real World
Outcomes (Vol. 6, Issue 4, pp. 193—-203). Springer Science and Business Media LLC.
https://doi.org/10.1007/s40801-019-00167-6

Jaksa, A., Wu, J., Jénsson, P., Eichler, H.-G., Vititoe, S., & Gatto, N. M. (2021). Organized
structure of real-world evidence best practices: moving from fragmented recommendations
to comprehensive guidance. In Journal of Comparative Effectiveness Research (Vol. 10, Issue
9, pp. 711-731). Becaris Publishing Limited. https://doi.org/10.2217/cer-2020-0228

Bowrin, K., Briere, J.-B., Levy, P., Millier, A., Clay, E., & Toumi, M. (2019). Cost-effectiveness
analyses using real-world data: an overview of the literature. In Journal of Medical Economics
(Vol. 22, Issue 6, pp. 545-553). Informa UK Limited.
https://doi.org/10.1080/13696998.2019.1588737

Ministry of Health (2018), “National Drug Policy 2018-2022", Warsaw. Available online:
https://www.gov.pl/web/zdrowie/raport-polityka-lekowa-panstwa-2018-2022 [accessed on
February 1st 2024]

Institute for Health Metrics and Evaluation. Global Burden of Disease Study 2019 (GBD 2019)
Data Resources. Available online: http://ghdx.healthdata.org/ghd-2019 [accessed on
December 15" 2021].

Wocidrka, J.; Leciak, J.; Rawska-Kabaci’ nska, A.; Suchecka, E.; ‘Switaj, P.; Stefanowski, B.;
Stokwiszewski, J. Conference Publication of EZOP Il Study, Rozpowszechnienie Zaburzen’
(Kiedykolwiek w Z' yciu, Ostatnie 12 Miesie_cy, Ostatni Miesia, c)—Prezentacja z Konferencji
Podsumowuja,cej Projekt EZOP Il. In Proceedings of the Instytut Psychiatrii i Neurologii,
Warsaw, Poland, 15-16 November 2021; Available online: https://ezop.edu.pl/wp-
content/uploads/2021/12/EZOPIl_Rozpowszechnienie.pdf [accessed on December 15th
2021]

Alonso, J., Angermeyer, M. C., Bernert, S., Bruffaerts, R., Brugha, T. S., Bryson, H., de
Girolamo, G., de Graaf, R., Demyttenaere, K., Gasquet, I., Haro, J. M., Katz, S. J., Kessler, R. C,,
Kovess, V., Lépine, J. P., Ormel, J., Polidori, G., Russo, L. J., ... Vollebergh, W. A. M. (2004). 12-
Month comorbidity patterns and associated factors in Europe: results from the European
Study of the Epidemiology of Mental Disorders (ESEMeD) project. In Acta Psychiatrica
Scandinavica (Vol. 109, Issue s420, pp. 28-37). Wiley. https://doi.org/10.1111/j.1600-
0047.2004.00328.x

Groen, R. N., Ryan, O., Wigman, J. T. W,, Riese, H., Penninx, B. W. J. H., Giltay, E. J., Wichers,
M., & Hartman, C. A. (2020). Comorbidity between depression and anxiety: assessing the role
of bridge mental states in dynamic psychological networks. In BMC Medicine (Vol. 18, Issue
1). Springer Science and Business Media LLC. https://doi.org/10.1186/s12916-020-01738-z

NFZ (2021). Number of People Who Filled a Prescription for Reimbursed Antidepressants in
the Period 2013-2020. Available online: https://ezdrowie.gov.pl/portal/home/zdrowe-



35.

36.

37.

38.

39.

40.

41.

42.

dane/zestawienia/pacjenci-recepty-na-refundowane-leki-przeciwdepresyjne [accessed on
December 15th 2021]

MoH (2018) Rzgdowy program badan przesiewowych noworodkéw w Polsce na lata 2019-
2026. Available online: https://www.gov.pl/web/zdrowie/program-badan-przesiewowych-
noworodkow-w-polsce-na-lata-2019-2026 [accessed on May 18th 2024]

Miyah, Y., Benjelloun, M., Lairini, S., & Lahrichi, A. (2022). COVID-19 Impact on Public Health,
Environment, Human Psychology, Global Socioeconomy, and Education. In A. J. Piantino
Ferreira (Ed.), The Scientific World Journal (Vol. 2022, pp. 1-8). Hindawi Limited.
https://doi.org/10.1155/2022/5578284

Hoffmann, K., Kopciuch, D., Borika, A., Michalak, M., Bryl, W., Kus, K., Nowakowska, E.,
Zaprutko, T., Ratajczak, P., & Paczkowska, A. (2023). The Mental Health of Poles during the
COVID-19 Pandemic. In International Journal of Environmental Research and Public Health
(Vol. 20, Issue 3, p. 2000). MDPI AG. https://doi.org/10.3390/ijerph20032000

Kobos, E., Knoff, B., Dziedzic, B., Maciag, R., & Idzik, A. (2022). Loneliness and mental well-
being in the Polish population during the COVID-19 pandemic: a cross-sectional study. In BMJ
Open (Vol. 12, Issue 2, p. e056368). BMJ. https://doi.org/10.1136/bmjopen-2021-056368

Fatula, Dariusz (2018) : Selected micro- and macroeconomic conditions of wages, income and
labor productivity in Poland and other European Union countries, Contemporary Economics,
ISSN 2300-8814, University of Finance and Management in Warsaw, Faculty of Management
and Finance, Warsaw, Vol. 12, Iss. 1, pp. 17-32, https://doi.org/10.5709/ce.1897-9254.261

Drozdowska, A., & Hermanowski, T. (2015). Exploring factors underlying the attitude of
community pharmacists to generic substitution: a nationwide study from Poland. In
International Journal of Clinical Pharmacy (Vol. 38, Issue 1, pp. 162—170). Springer Science
and Business Media LLC. https://doi.org/10.1007/s11096-015-0227-8

Lasota, D., Mirowska-Guzel, D., & Goniewicz, M. (2022). The Over-the-Counter Medicines
Market in Poland. In International Journal of Environmental Research and Public Health (Vol.
19, Issue 24, p. 17022). MDPI AG. https://doi.org/10.3390/ijerph192417022

Simoens, S., & De Coster, S. (2006). Potential Savings from Increased Substitution of Generic
for Originator Medicines in Europe. In Journal of Generic Medicines: The Business Journal for
the Generic Medicines Sector (Vol. 4, Issue 1, pp. 43—45). SAGE Publications.
https://doi.org/10.1057/palgrave.jgm.4950040

12. List of Tables

Table 1 Examples of applications Of RWE .........cooiiiiiiiiiiiec ettt et svee e s vee e s e e e 13

13. List of Figures

Figure 1 Split of the 2024 healthcare budget of the NFZ in Poland ...........cccccovveeeeiiieeccciee e, 12

32



14. Appendices

14.1 Appendix 1: Article 1

Krupa, D., Czech, M., Chudzynska, E., Kon, B., & Kostera-Pruszczyk, A. (2023). Real World Evidence on
the Effectiveness of Nusinersen within the National Program to Treat Spinal Muscular Atrophy in

Poland. Healthcare (T. 11, Issue 10, s. 1515). MDPI AG. https://doi.org/10.3390/healthcare11101515

33


https://doi.org/10.3390/healthcare11101515

@ healthcare

Article

Real World Evidence on the Effectiveness of Nusinersen within
the National Program to Treat Spinal Muscular Atrophy

in Poland

Dominika Krupa "*, Marcin Czech 209, Ewa Chudzynska 3, Beata Kon 3

check for
updates

Citation: Krupa, D.; Czech, M,;
Chudzyniska, E.; Kon, B.;
Kostera-Pruszczyk, A. Real World
Evidence on the Effectiveness of
Nusinersen within the National
Program to Treat Spinal Muscular
Atrophy in Poland. Healthcare 2023,
11,1515. https://doi.org/10.3390/
healthcare11101515

Academic Editor: Krzysztof Kus

Received: 17 April 2023
Revised: 16 May 2023

Accepted: 19 May 2023
Published: 22 May 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://

creativecommons.org/licenses /by /
4.0/).

and Anna Kostera-Pruszczyk *

Faculty of Management, University of Warsaw, 02-678 Warsaw, Poland
Department of Pharmacoeconomics, Institute of Mother and Child, 01-211 Warsaw, Poland

W N =

Department of Analysis and Innovation, National Health Fund, 02-528 Warsaw, Poland
Department of Neurology, Medical University of Warsaw, 02-097 Warsaw, Poland
*  Correspondence: dominika.j.krupa@gmail.com

Abstract: Background: Spinal muscular atrophy (SMA) is a debilitating neuromuscular disease
resulting in children’s mortality and disability. Nusinersen is available to all SMA patients in Poland
since 2019. Aim: To compare mortality or disease progression to mechanical ventilation in two patient
cohorts before and after the program’s introduction. Additionally, to describe the patient population
treated with nusinersen and costs incurred by the public payer. Methods: We used the National
Health Fund (NHF) database to identify patients born in either 2014 or 2019, who received at least two
health services with an ICD10 G12 diagnosis. Outcomes were time to event: death or first mechanical
ventilation. We identified all benefits received by nusinersen-treated patients, between 1 January
2019 and 31 May 2022. Results: Children with SMA born in 2019 had significantly lower mortality in
the first years of their lives than children born in 2014. Approximately 875 patients (all age groups)
were treated with nusinersen in the analysis period. The cost of causal drugs in this period amounted
to €51.4 million. The cost of healthcare benefits amounted to €14.9 million. Conclusions: The drug
program to treat SMA improved patient care in Poland. The NHF database was a reliable source to
monitor resource-intensive therapies’ costs, demography, and selected patient outcomes.

Keywords: spinal muscular atrophy; real-world evidence; nusinersen; therapy costs; budget impact

1. Introduction

Spinal muscular atrophy (SMA) is a debilitating neuromuscular disease, caused by
mutations of the Survival Motor Neuron (SMN1) gene located on chromosome 5q13 [1].
The mutation results in a deficiency of the SMN protein, which leads to the death of motor
neurons in the spinal cord. The SMN1 gene has a nearly identical copy to the SMN2
gene. The number of copies of the SMN2 gene is a strong phenotype modifier, and in
most patients is inversely associated with disease severity. The disease is characterized
by degeneration of lower motor neurons, which leads to progressive muscle weakness
and atrophy. Age of onset of symptoms and highest achieved motor milestones led to the
definition of subtypes of the disease [2]: SMA1 is symptomatic in infancy, up to 6 months
after birth. Children with SMAL1 never achieved the ability to sit unsupported; SMA2
patients become symptomatic between the ages of 6-18 months and could sit but never
walked unsupported; patients with SMA3 can walk without support, and many lose
ambulation in the course of the disease. SMA4 patients are diagnosed in adulthood and
present with limb-girdle weakness. Historically, the median age at reaching the combined
endpoint of death, or at least 16 h/day of respiratory support in SMA1, was 13.5 months [3].

The incidence of SMA in Europe was reported as 1 in 3900-16,000 live births [4]. The
prevalence of the disease is estimated at 1-2 cases per 100,000 people [2]. With improved
access to genetic testing and the introduction of newborn screening programs, accurate
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epidemiological data become available. The estimated incidence of SMA in Poland is
1:7356 live births [5]. The approximate SMA patient population size has been estimated at
1100 cases [6].

Up until recently, only symptomatic management and palliative care were available
for SMA patients. The first disease-modifying agent, nusinersen (Spinraza®, Biogen) was
granted marketing authorization by the Food and Drug Administration (FDA) in the USA
in 2016, and by the European Medicines Agency (EMA) in 2017. As of 1 January 2019, the
drug has been made available in Poland through a dedicated drug program to patients of all
ages, with all SMA types, irrespective of the symptom severity or SMN2 copy number [7].
In September 2022, the available treatment catalog was extended to include further entries
into this clinical space: onasemnogen abeparvovec (Zolgensma®, Novartis) and risdiplam
(Evrysdi®, Roche).

A national screening program for SMA in newborns was introduced in Poland in April
2021, and gradually implemented across the country. Since March 2022 it includes every
newborn (opt-in necessary) [8].

The clinical effectiveness of therapy with nusinersen in our country has been reported
before [6]. None of the treated patients were discontinued due to ineffectiveness, and in
most cases a significant functional improvement was observed, measured by the Children’s
Hospital of Philadelphia Infant Test of Neuromuscular Disorders (CHOP-INTEND) or the
Hammersmith Functional Motor (HFMSE) Scale Extended, as appropriate for the patient’s
age and baseline function. The therapy was well tolerated and effective, which provides
further rationale for introducing the program. We intend to further extend that conclusion
by examining the impact of therapy on patients’ overall survival.

The aim of this study is to describe the demographics of the SMA patients treated in
Poland, the costs incurred by the public payer, and the effectiveness of the treatment of
SMA in clinical practice.

2. Materials and Methods

The primary data source for the epidemiology and cost analyses was the claims
database of the National Health Fund (pol. Narodowy Fundusz Zdrowia, NFZ), which
contains information about all healthcare benefits financed from public sources. Since the
NEFZ is the sole public payer in Poland, and in the absence of significant private medical
insurance, especially in a highly specialized and costly treatment such as SMA therapy,
it is reasonable to assume that the database covers the entire population of interest. The
NFZ claims the database enables longitudinal patient-level analysis based on database-
wide unique identifiers. Therefore, it enables tracking of selected patients across the
entire publicly financed healthcare system, including prescription drugs in community
pharmacies, medical device use, inpatient care, and specialty outpatient care. Instances
where benefits are financed via flat rates, such as primary care, emergency room (including
ambulances), or health resort treatments, where assigning a financial figure to a specific
benefit granted to a specific patient is not possible, are excluded from analysis.

We analyzed the demographics of SMA patients enrolled in the drug program, from
its establishment in January 2019 up until May 2022 (cut-off date). The same period was
used to analyze costs associated with the program. The date of first reported administration
of the drug was adopted as the date of enrollment, all nusinersen administration dates
were reported to the NFZ for each patient. Both cost and demographic data have been
augmented with details of the SMA type sourced from a dedicated platform created by the
payer for the monitoring of the drug program. It contains additional patient information
besides the claim’s records stored in the NFZ.

To analyze the real-world effectiveness of therapy with nusinersen in Poland, we
adopted a targeted approach, with the objective to select two groups of patients whose only
identifiable differentiating characteristic was access to treatment. We compared two cohorts
of patients, children born in 2014 and 2019, where the latter cohort is assumed to have had
access to treatment from birth (as they were born after the introduction of the program)
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and the former cohort who only acquired access at a later age when the program was
introduced in Poland. Both cohorts were eligible to receive the treatment with nusinersen
upon the program’s introduction. We looked at two major endpoints: overall survival (OS)
and time to progression, defined here as either the first reported instance of mechanical
ventilation or death. The reasoning for narrowing down the population to the two distinct
cohorts was to control for potential confounding factors related to patient characteristics
and accessibility of specialized care within the setting of the Polish healthcare system.
Identification of patients with SMA from distinct cohorts was based on two separate
records of ICD10 code G12.X diagnosis in patients’ medical history. The diagnosis had to
have been issued in a hospital or by a neurology specialist. The patient was later followed
up based on his or her unique identifier, regardless of other concomitant diagnoses or
reasons for interaction with the public healthcare system. It is the same approach as
published in [5], that reduces the probability of including patients with a single or unsure
diagnosis. Retrograde analysis of patients with SMA included in the drug program of
patients based on inclusion into the drug program would be insufficient since many of the
patients born in 2014 have died or were put on mechanical ventilation before nusinersen
was available. Therefore, they would have been excluded from the analysis, inflating the
impact of therapy compared to those who are tracked with confirmed diagnoses from birth.

3. Results
3.1. Effectiveness

We identified 45 patients born in 2014 who have had at least two separate healthcare
services recorded within the NFZ database with the ICD10 code G12 and its extensions.
Applying a similar methodology, 51 patients born in 2019 were included in the analysis. Up
to the data lock date set on 31 May 2022, there have been eight deaths in the 2014 cohort and
two in the 2019 cohort. On top of that, 20 patients from the 2014 cohort were administered
any duration/day of mechanical ventilation compared to 23 from the 2019 cohort.

Figure 1 presents the Kaplan Meier curves for mortality within the two groups—patients
born in 2014 and patients born in 2019. Out of children born in 2014, 72% of the cohort
survived past their fourth birthday. No events were recorded for the children between the
ages of four and eight. In the younger cohort, 97% of the cohort reached the three-year
mark. The difference in overall survival is statistically significant at p < 0.05 (test statistic of
the Log-rank test X2 = 4.9, p = 0.03).

R

365 730 1095 1460 1825 2190 2555 2920

Days since birth

7014 cohort 2019 cohort

Figure 1. Kaplan-Meier curves comparing time to death of patients born in 2014 or 2019.
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While the difference in mortality is significant, when survival analysis is extended to
include mechanical ventilation, as presented on Figure 2, the difference in results between
the cohorts becomes insignificant (p = 0.93, test statistic of the Log-rank test X?> = 0.01),
as presented.
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Figure 2. Kaplan-Meier curves comparing time to death or mechanical ventilation of patients born in
2014 or 2019.

Median survival for patients in the 2014 cohort was 823 days, or two years and
three months. For the 2019 cohort, median survival was not observed as of the cutoff date
of day 1382 since birth.

3.2. Demography of the Treated Cohort

In the period between January 2019 and May 2022, 875 patients have been included in
the drug program and treated with nusinersen. As stated above, the program is dedicated to
all patients with genetically confirmed SMA diagnosis; therefore, the described population
is assumed to be equivalent to the total known patient population in Poland at the time.

Out of the total population, 53% were male and 47% were female. The average
age was 21.7 years for males and 21.3 for females. Furthermore, 53.7% of male patients
and 51.6% of female patients included in the program were under 18 years of age. The
differences between the groups were not statistically significant. The detailed split is
presented in Table 1.

Table 1. Demographic characteristics of patients treated within the drug program.

Characteristic Male Female p-Value
Patient count 464 (53%) 411 (47%)
Mean age (range) 21.7 (0-70) 21.3 (0-69) 0.77
Median age 16.2 16.0
% under 18 53.7% 51.6% 0.61
Patient count by SMA Type: 0.17
SMA'1 117 101
SMA 2 100 111
SMA 3 237 189

presymptomatic 10 10
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In 2019, the first year of the program, 442 patients were included in the treatment:
137 patients had SMA type 1, 105 had SMA2, and 196 had SMA3. Four patients started
treatment presymptomatically. The size of the treated population by SMA subtype in
subsequent years is presented in Figure 3. The share of SMA1 patients declined from 31% in
the first year to 22% in the most recent period. The share of treated SMA2 patients was
constant throughout the period at 24% of the population. In 2022, a little more than half of
the treated population had been diagnosed with SMA3.

900
800 24
23
@ 700 12
c
Q@
£ 600
o 397
R 339 390
2 500
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g 4
& 400
o 196
3 300
€ 171 192
=}
Z 200 105
100
0
2019 2020 2021 -V 2022
ESMA1 ESMA2 SMA3 Other (asymptomatic patients, no data on diagnosis)

Figure 3. The population of patients treated with nusinersen within the drug program, 2019-May 2022.

As mentioned earlier, in the first year of the program, 442 patients started treatment.
In subsequent years, there were 280, 134, and 19 initiations respectively (up to the cutoff
date). There have been 15 treatment discontinuations in 2020, 50 in 2021, and 48 in the
first five months of 2022. The size of the treated population at the cutoff date was 762.
Figure 4 presents the flow of patients within the program since its onset.

900
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M Patients discontinuing treatment (vs previous year) M Patients continuing treatment ™ Initiations

Figure 4. The flow of patients within the drug program, 2019—May 2022.
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3.3. Costs

The direct medical costs associated with the treatment of spinal muscular atrophy
covered within the public system are the costs of disease-modifying therapy and the costs
of healthcare benefits granted to patients.

Between the introduction of the drug program and reimbursement of the first disease-
modifying therapy in Poland in January 2019 and May 2022, the costs of medication
amounted to 118 million Euro—13.96 million in the first year, 29.8 million in the second
year, 36.86 in the third year, and 37.46 million in the first five months of the fourth year
of reimbursement, as presented on Figure 5. The unit price of the product is most likely
covered by a confidential agreement between the market authorization holder (MAH) and
the Ministry of Health (MoH) [9]. Therefore, while the total cost of therapy is reported in
public sources, the exact figure per patient is not known, as the nature of the agreement is
not disclosed.

40
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- 30
[=1
(0]
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¥
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o 10
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2 s
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2019 2020 2021 -V 2022

Figure 5. Cost of reimbursement of nusinersen within the drug program.

Costs of healthcare benefits were aggregated at the individual patient level, starting
with the identification of all unique patients who have received the drug within the drug
program, and the selection of all benefits reported within this population. The healthcare
benefits were subsequently grouped into the following categories:

Outpatient specialist care (excluding psychiatric care and medical rehabilitation)
Inpatient care (excluding psychiatric care and medical rehabilitation)

Benefits related to the drug program (diagnostics and administration of the drug,
excluding the cost of the active substance)

Long-term care

Medical rehabilitation

Palliative and hospice care

Reimbursement of prescription pharmaceuticals, special foods, and selected medical
devices (blood glucose strips and dressings, needles)

e  Reimbursement of medical devices

The total cost of healthcare benefits granted to patients within the same period
amounted to 14.86 million euros. The largest cost driver among benefits was long-term
care, which cumulatively accounted for 47% of the total cost. The overall cost structure
can be characterized as relatively stable. The year 2020 may be treated as an exception
due to the unprecedented situation related to the coronavirus pandemic, which resulted in
restrictions on the accessibility of healthcare services and potential deviations in reporting
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Healthcare benefit costs, m EUR
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benefits. Despite the decrease in the cost of benefits in 2020, attention should be paid to
the fact that the population of patients who were offered treatment increased significantly.
Figure 6 presents the detailed split of healthcare benefit costs between January 2019 and
May 2022.

4.73
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0.26 3.86 Toa
s ] 0.40
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0.56
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W Long term care M Inpatient treatment Drug program benefits
Rehabilitation W Medical devices M Palliative care

B Outpatient specialist care B Pharmaceuticals

Figure 6. The detailed split of healthcare benefit costs between January 2019 and May 2022.

As previously mentioned, the types of SMA are differentiated by the course of the
disease and the severity of symptoms. SMA1 manifests at the earliest stage of a child’s
development and is the most severe, while SMA 3—4 have a chronic, milder course. This
is also reflected in the cost of caring for patients with specific types of diseases. Although
SMAL1 patients constitute between 20 to 30% of the treated population within the Polish
drug program (depending on the year of analysis), their treatment accounts for nearly
60% of the total cost. A detailed breakdown of disease types and share in total costs is
presented in Figure 7.

Long-term care accounts for almost 60% of the cost of care for patients with SMA1.
In the case of SMA2, it is 38%, and for SMAS it is just over 16%. This is related to the
more severe course of the disease of these patients, and thus much greater patient needs
for this type of service. Regardless of the type of disease, hospital treatment accounts for
about a quarter of the total cost. For the group of patients with SMA3, costs related to
the drug program are an important cost item, i.e., the costs of diagnosis, monitoring, and
administration of the drug. In more severe forms of the disease, SMA types 1 and 2, this
item has a decreasing share in the total costs. Patients with SMA3 use medical rehabilitation
services to a relatively greater extent. A detailed breakdown of the shares of individual
categories in the total costs of patient care is presented in Figure 8.

The average cost of treating a patient within the drug program decreased significantly
from the onset of the program, where it amounted to almost 10,711 euros annually, down to
5481 in 2022 (full-year extrapolation from partial data covering Jan-May). Figure 9 shows
the average costs in individual categories per patient treated in the drug program. After
the first year of the program’s operation in Poland, stabilization of the costs of treating
a single patient in all categories is observable. Long-term care benefits remain the largest
cost, averaging around three thousand euros per year. The cost of hospital treatment is
about two thousand euros per year. The costs of a patient’s participation in the drug
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program amount to approximately 600 euros, similar to the costs of medical rehabilitation
and medical devices. The average costs naturally vary by disease subtype, as healthcare
benefits for patients with SMA1 amount to an average of 15,611 euros per year, for SMA2
to 6160 euros, and for patients with SMA3 to 2653 euros per year.
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Figure 7. Split of healthcare costs by patients” subtype of SMA.
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Figure 8. Costs covered by the public payer by healthcare benefit category between January 2019 and
May 2022 by subtypes of SMA and types of care.
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Figure 9. Average healthcare benefit cost per patient treated within the drug program. Note: * Data
for 2022 have been extrapolated for comparability with previous periods. Available data cover the
period from 1 January 2022 to 31 May 2022.

4. Discussion

This is the first study to comprehensively describe Polish SMA patients in terms
of treatment and care costs. A key strength of the data presented herein is the fact that
they pertain to the total population of patients with SMA. Data on Polish patients were
analyzed previously [5] and focused on the epidemiology and standards of care for patients
with SMA before the initiation of the drug program, which granted access to the first
causal treatment to all patients. This work builds on results published there, as we greatly
extended the size of the population covered.

Our results suggest that the measures recently introduced in Poland to screen, diag-
nose, and treat patients are effective tools for managing this debilitating disease.

Firstly, our results confirm that treatment with nusinersen leads to a significant reduc-
tion in the overall mortality of children with SMA in our real-world cohort. It was previ-
ously demonstrated in the setting of a prospective, strictly controlled clinical trial [10,11].
Inclusion criteria for the drug program in our country allow to start treatment in patients
across the complete SMA severity spectrum, also those with symptoms more advanced as
compared with clinical trial inclusion criteria. Overall, out of children born in 2014, 72% of
the cohort survived past their fourth birthday. In those born in 2019, 97% of the cohort
reached the three-year mark. Interestingly, we found no difference between treated and
untreated cohorts in terms of progression to any duration/day of ventilation. This may
suggest that advances in therapeutic options and awareness of SMA can extend a patient’s
life but are not always successful in postponing the onset of ventilation. It may also be
because the drug program requires frequent evaluation by a multidisciplinary team, which
may trigger the pro-active introduction of ventilatory support, for fewer than 16 h/day.
The data collection method did not allow us to verify the number of hours of mechanical
ventilation received. It has also been demonstrated that functional improvement with
nusinersen treatment builds up with consecutive doses; thus, possibly longer observation
is needed [6,12].

Secondly, we observed a dynamic increase in the number of patients treated within the
drug program during the first two years since the reimbursement decision. We hypothesize
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that the drug program included most older patients with SMA and that most new initiations
will be likely due to new diagnoses, including newborns identified by the nationwide
screening program. This strengthens the role of rare disease registries in trial- and treatment
readiness. Our SMA TREAT NMD Registry facilitated planning treatment [13,14]. The size
of the treated population is relatively large and is likely to grow in the future, as current
patients will continue therapy and new initiations will occur at a steady pace related to the
natural incidence of the disease. This enables policy planners to adequately plan capacity
in neurology centers in the country in terms of resources.

Thirdly, we conclude that caring for patients with spinal muscular atrophy is cost-
intensive, compared to the average cost of patient care in Poland, which amounted to 582
EUR in 2021 [15]. It is, therefore, reasonable to monitor and analyze costs to maintain
control over them and identify anomalies (e.g., sudden increases) early. The analysis of
the costs of care for all patients included in the program until May 2022, as previously
presented, suggests that the payer’s expenses per patient were stable after having decreased
after the introduction of the drug program. In the period 2019-2021, average NFZ expenses
per patient increased by a compound annual growth rate of 3.9% [15]. This may indicate
the development of certain standards in dealing with patients on a national scale.

Our study has several limitations. The treated cohort is heterogeneous in terms of
age and severity, and while we report on costs by SMA type, we did not analyze the
dynamic of costs depending on patient age. In the effectiveness section, we aimed to
address the heterogeneity by comparing groups of the same age. Due to the limited scope
of information in the claims database, we could not stratify the cohorts by disease severity.
Furthermore, the duration of observation is relatively short as compared with the natural
history of SMA 2-3, or chronic types. It is possible that some severe SMA1 neonates
who were born with the disease died before confirmatory diagnostics. The inability to
identify those patients within the database, and their resulting exclusion from analysis,
limit the mortality analysis but should have a similar influence on data from 2014 and 2019
(pre-newborn screening), as a result, older cohorts have milder phenotypes resulting in
improved survival. For this reason, we chose a recent cohort to provide a comparison to
those born before and after wide accessibility of treatment. It is possible that some patients
that should have been included in our analysis have been missed.

Another limitation is related to the selection of cohorts—we compare only two groups
of patients, where a broader, more nuanced analysis by subpopulations would be warranted
to perform sensitivity analyses on the presented results. The study presented herein
is a retrospective analysis of an insurance database, which is covered by strict privacy
clauses that prevent the identification of individual patients, limiting the extent of patient
characteristics used. We were not able to evaluate indirect costs related to SMA. In addition,
despite the publication of the ICD-11 by the WHO [16], Poland has not fully introduced the
new classification into the reporting system and clinical practice as of May 2023. Therefore,
in our research, we reference the commonly used, yet technically outdated, ICD-10 to
present the methods utilized in the research and maintain consistency with previous local
studies in the field.

5. Conclusions

Poland introduced policy tools that significantly improved the situation of SMA
patients in our country—a newborn screening and drug program that grants access to
treatment to all patients with a genetic diagnosis of SMA. Extended access to therapy
introduced in 2019 successfully reduced patient mortality compared to the situation before
the program’s introduction.

As of May 2022, 875 patients were treated with disease-modifying therapy. The
treated population is likely to expand in time due to new initiatives and reduced patient
mortality. The bulk of the costs of the treatment was associated with the cost of the
drug, which is covered by a confidential agreement between MoH and MAH. The costs of
healthcare benefits granted to patients were stable on a per patient basis, which suggests the
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development of standards of care for patients. Our results can be used as a benchmark for
resource planning by policymakers in other countries who may consider the introduction
of an SMA treatment program and its scope. Further research is warranted to expand on
our findings in terms of real-world treatment effectiveness in specific subpopulations and
total costs related to SMA treatment, including indirect expenses.
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Abstract: The COVID-19 pandemic caused a major upheaval to the lives of people and placed a
strain on societal mental health. The aim of this research is to estimate the impact of the pandemic
on the mental condition of the Polish population measured through the consumption of relevant
medication and medical leave of absence from the workplace. Methods: We analyzed national-level
data on the consumption of pharmaceuticals used in clinical practice in Poland in the treatment
of depression and anxiety alongside medical absence in the workplace using the Interrupted Time
Series model to estimate the significance of the pandemic. Results: We found no significant change
regarding the consumption of pharmaceuticals with the development of the pandemic. Conversely,
medical leaves of absence for psychiatric reasons increased significantly with the onset of COVID-19.
The influence was strongest in the diagnosis of anxiety or reaction to severe stress and weakest in
recurrent depression. Conclusion: The pandemic had a significant influence on the ability to work for
psychiatric patients in Poland but did not change pharmaceutical use. Physicians should consider the
mental health of patients impacted by the anti-epidemic measures. Further study is needed to fully
understand the long-term impact of the pandemic on mental health in Poland.

Keywords: COVID-19; mental health; antidepressants; antianxiety; pharmaceuticals; sick leave;
depression; anxiety; Poland

1. Introduction

The onset of the global pandemic of COVID-19 caused by the novel coronavirus SARS-
CoV-2 has caused a major disruption to everyday lives of people everywhere. The first
cases were recorded in China in December 2019 and, by March 2020, had spread to most
countries around the world, including Poland [1]. A state of epidemic was introduced
in Poland on 20 March 2020 and, as of January 2022, was ongoing. Various measures
of mobility restrictions and isolation were imposed to prevent exponential spread of the
potentially deadly disease [2].

Periods of crisis and uncertainty, such as a global epidemic, are recognized as times of
increased incidence of mental disorders in the population [3-5]. Specifically, a connection
between mental illness and infectious disease outbreaks, including COVID-19, has also
been described in literature [6]. For this reason, the importance of mental health resources
for patients in such times has been recognized by researchers [7] as well as the World
Health Organization [8].

Nevertheless, there is no official guideline or verification of the effectiveness or avail-
ability of mental health support, causing heterogeneity in patient experiences when it
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comes to psychiatric support between countries. Moreover, the scale of the impact of the
pandemic on the mental health of societies in different geographies remains unknown.
While some studies describing the impact of the pandemic on specific groups, including
healthcare workers [9], the elderly [10], children [11] or new mothers [12] do emerge, their
targeted approach limits the generalizability of the conclusions.

Until large-scale primary studies explicitly evaluating the mental health of populations
in the pandemic are published, the question of the scale of the unmet need in psychiatric
and psychological state of the population remains open and a burden to policy makers,
employers, families and patients. In the meantime, secondary data is a viable source of
knowledge that can guide research and decision makers.

Poland is the sixth largest country in the EU, with a population of almost 38 million
people. The single payer public healthcare system is one of the lowest funded in the Euro-
pean Union, with 6.5% GDP spent on healthcare, compared to an EU average of 9.9% [13].
Psychiatry specifically is a specific of concern, since according to data from Eurostat, there
are only nine psychiatrists for 100,000 inhabitants in Poland [14], a penultimate result in
the EU, with only Bulgaria having less.

At the same time, there were 27 psychiatrists in Germany, 18 in Estonia and 15 in
Hungary. The relatively low availability of specialists in psychiatry indicates that, in the
extraordinary circumstances of a global pandemic, Polish patients may face difficulties in
obtaining access to treatment, thus worsening their wellbeing. In this paper, we aim to
estimate the impact of COVID-19 on the mental health of the Polish population.

2. Materials and Methods

An analysis of two types of data was conducted. First, we looked at the consumption
of antidepressants and antianxiety medication in the population. Secondly, we analyzed
the information on the frequency and duration of sick leave due to psychiatric diagnosis.

For the consumption of medication, we analyzed data from IQVIA Pharmascope
database on prescription only (Rx) purchases done by patients in community pharmacies.
IQVIA Pharmascope is a national-level database containing information on all products
purchased in community pharmacies across Poland. Available information for pharmaceu-
ticals includes: pack details (active ingredient, pack size, dose, brand name, manufacturer,
EPhMRA Anatomic Therapeutical Classification [15] (ATC) levels 1 through 4), pharmacy
identifier, reimbursement status, date of purchase (by month), price of purchase and
purchased volume.

We analyzed monthly data from January 2018 until October 2021 for drugs from classes
NO06A4 SSRI Antidepressants, NO6A5 SNRI Antidepressants, NO6A9 All Other Antidepres-
sants and one molecule from the NO5C0 Tranquillizers class (buspirone). Pharmaceutical
consumption data was analyzed in both value and volume, on SKU (Stock Keeping Unit)
level as well as the size of therapeutic doses purchased measured through Daily Defined
Dose (DDD) for each molecule specified by the World Health Organization [16].

We looked at aggregated trends as well as analysis within the medication subgroups.
The database does not contain information on patient characteristics, diagnosis, or the
specialty of the physician issuing the prescription, therefore the presented figures will
include treatment for multiple disorders as well as potential off-label use of the medication.
To limit the effect of potential use in other conditions, verification of molecules used in
clinical practice of depression and anxiety management in Poland was conducted by a
clinician.

The impact of depression and anxiety on the workforce was analyzed on data on
the frequency and duration of medical leave due to a diagnosis of psychiatric condition
collected by the Social Insurance Institution of Poland (pol. Zaktad Ubezpieczeti Spotecznych,
ZUS). ZUS is a state organizational unit in Poland, whose responsibilities include estab-
lishing entitlements to social transfers, collections of social security premiums (retirement,
disability, sickness and healthcare) and payment of the benefits, among others [17].
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All leaves of absence from the workplace, both short and long-term, must be reported
to ZUS. Additionally, justification documentation for the absence for medical reasons must
be issued by a physician with the authorization of ZUS and must include information on the
diagnosis that is the direct cause of inability to work. For this research, we procured data on
medical absence due to selected ICD10 diagnoses: F32—depressive episode; F33—recurrent
depressive disorder; F41—other anxiety disorder; and F43—reaction to severe stress and
adjustment disorders; spanning the period of January 2018 to April 2021. The scope of the
data included the count of patients and average duration of sick leave.

Both types of collected data included a period before the onset of the pandemic,
and several months of its duration in Poland. To compliment and contextualize the two
primary datasets, additional sources were used. Data on the population of patients dealing
with depression and /or anxiety in Poland were sourced from the National Health Fund
publications and from the results of a large epidemiological study on mental illness in
Poland—the EZOP project [18]. Data on the development of the pandemic in Poland for
incidence, COVID and non-COVID-related mortality, as well as restriction stringency was
sourced from OurWorldInData [1], an open-source database updated daily. For this paper,
daily data for the period 1 January 2020 until 1 December 2021 was analyzed.

Interrupted Time Series analysis was used to validate impact of the onset of COVID
pandemic on pharmaceutical consumption and number of issued sick leave notes. To
estimate the significance of COVID-19 on the analyzed series, we used two synthetic
variables—a dummy for the period of the duration of the pandemic (from March 2020 to
October2021) and a linear trend in the same period to capture slope change.

Statistical analyses were conducted in the open-source software R, version x64 4.1.2 [19],
using the RStudio interface. Data visualizations were done in MS Excel version 2102 (Mi-
crosoft Corporation, Redmond, WA, USA).

3. Results

The estimated prevalence of depression in adults in Poland was estimated at 3.17%
in the Global Burden of Disease Study [20] for the general population, and at 3.85% in
the results of the latest nation-wide epidemiological study EZOP II for adults [21]. This
corresponds to a population estimate between 1.2-1.45 million. Simultaneously, the lifetime
prevalence of anxiety attacks is estimated at 7% in the EZOP II study, equivalent to 1.3%
annually. The authors estimate that there are around 2.2 million people who have suffered
from anxiety in Poland. Data from the NFZ report that reimbursement for antidepressants
and antianxiety medication has been granted to 1.38 million people in 2020 [22].

3.1. Drug Consumption

The overall Rx market in pharmacies was worth 4.4 billion EUR [23]. The antidepres-
sant and antianxiety medications that are the focus of this study constitute approximately
2.6% of the total Rx market value. According to data from IQVIA Pharmascope, annually,
patients in Poland purchased more than 20 million packs of antidepressants and antianxiety
medication valued at more than 114 million EUR. The monthly consumption of pharma-
ceuticals in this category in 2021 amounted to 2.3 million packs for the cumulative value of
12 million EUR.

The consumption of pharmaceuticals indicated for treating depression and anxiety
has been increasing steadily in Poland over the last years. The monthly consumption
of antidepressants and antianxiety medication between January 2018 and October 2021
increased from almost 40 million doses to almost 60 million. The increase follows a linear
trend as presented in Figure 1.
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Figure 1. Consumption of all antidepressants and antianxiety medication in Poland in DDD,

January 2018-October 2021.

A peak in purchases was recorded in March 2020 with the onset of pandemic in Poland,
followed by slightly lower sales over the next 6 months and ultimately returned to the

previous dynamics.

Development of specific categories is presented in Figure 2. The most popular products
are Selective Serotonin Reuptake Inhibitors (SSRI), representing 64% of the entire volume,
followed by antidepressants of other mechanisms with 21% of volume and Serotonin and
Norepinephrine Reuptake Inhibitors (SNRI) with 14.5%. Buspirone molecule classified
as tranquilizer covers 0.3% of volume. All categories of medication present similar de-
velopment patterns in time, with SNRI growing at a slightly larger rate. Consistency in
growth path is confirmed by high Pearson correlation factors along with significance levels

at p < 0.01, as presented in Table 1.
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Table 1. Correlation matrix between drug classes in the period January 2018-October 2021.

NO06A4 SSRI N06A9 OTHER NO06A5 SNRI N05C0 TRANQUILLIZERS
NO06A4 SSRI 1.00
NO06A9 OTHER 0.97 **=* 1.00
NO6A5 SNRI 0.98 *** 0.92 *** 1.00
NO05C0 TRANQUILLIZERS 0.95 *** 0.96 *** 0.91 *** 1.00

Note: ** p < 0.01. NO06A4 SSRI—Selective Serotonin Reuptake Inhibitors; NO6A5 SNRI—Serotonin-
Norepinephrine Reuptake Inhibitors; NO6A9 OTHER—all other antidepressants not classified elsewhere.

Within the analyzed classes, the ten most popular molecules account for 91% of dose
volume sales. Out of the ten, seven molecules are reimbursed and available in community
pharmacies in Poland. For each molecule, the pack with the highest sales volume was
selected to present the cost for the patient. The pack price for the most popular drugs ranges
from 3.86 to 6.05 EUR. When purchased with reimbursement, the co-payment ranges from
0.75 to 2.44 EUR per pack. Table 2 presents the key characteristics of the most popular
molecules in relevant therapy in Poland.

Between January 2018 and October 2021, the consumption of antidepressants and
antianxiety medication in DDD grew by 48.8%. New products introduced into the market
in that time accounted for 5.9% of growth. Previously available products pack volume
increased by 27.7%. The average size of pack increased by 4.3%, while the average dose per
tablet increased by 5.4%.

Since the data does not include information on the number of patients on therapy, it is
not possible to precisely estimate the magnitude of the increase in patient population, since
it is not known how many of the additional packs or new products were purchased by
patients previously treated and how many were purchased as initiation within that period.
However, an increase in pack size or in dose could have been purchased only by the same
patient and, therefore, can be interpreted as therapy intensification. In the analyzed period,
on average, the dose of medication increased by 10.0%, as patients purchased larger packs
with higher doses per tablet.

Interrupted time series analysis of the drug consumption included three variables—
underlying linear trend (denoted as Period), a dummy variable for the duration of the
COVID pandemic (COVID fixed) and a linear trend from the onset of COVID-19 (COVID
variable). The results of the regression are presented in Table 3. Neither COVID variable
achieved statistical significance, confirming that no trend break occurred within the ana-
lyzed period, and the pandemic did not have a significant impact on the consumption of
antidepressant and antianxiety medication in Poland in terms of volume.

3.2. Sick Leave

Before the pandemic there were roughly 70,000 sick leave notes issued for the diag-
noses related to depression and anxiety in Poland monthly. Between January 2018 and
January 2020, the number has been increasing at a pace of 0.44% monthly. When the pan-
demic started in March 2020, the number of sick notes grew to 107,000 in March 2020 and
reached a peak in April 2020 at 132,000. Dynamics by specific diagnoses are presented in
Figure 3. The intensive period of increased sick leave issuance lasted for about six months
until August 2020 and later stabilized. However, some lasting effects are visible, as the
level of notes prescribed for F43 visibly did not return to levels from before the pandemic.
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Table 3. Interrupted time series analysis of drug consumption.

Consumption
Predictors Estimates CI p
(Intercept) 36,656,603 34,342,014-38,971,192 <0.001
Period 398,673 248,797.8-548,548.2 <0.001
COVID fixed 137,746 —3,306,424-3,581,916 0.938
COVID variable —47,282 —315,355-220,791.8 0.732
Observations 46
R2/R2 adjusted 0.768/0.752
F Statistic (df = 3; 42) 46.466 <0.001
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c o °
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e 43 - reaction to severe stress and adjustment disorder
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Figure 3. Count of sick leave notes issued in Poland, January 2018-April 2021.

Interrupted time series analysis further confirmed the conclusion that COVID had a
significant influence on the number of sick leave notes. Detailed results of the regression are
presented in Table 4. Out of the four analyzed diagnoses, before the onset of the pandemic
only F43 was characterized by a significant upward trend (p < 0.01). However, for each of
the diagnoses, the COVID fixed dummy variable had a significant positive influence on the
number of sick leave notes issued (p < 0.001). The strongest relative effect was observed
for F41 diagnosis and the weakest for F33, recurrent depressive episodes. Linear trend
associated with COVID was also significant for each diagnosis and was negative, indicating
a decreasing impact of the pandemic over time.
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4. Discussion

The data on pharmaceutical drug consumption and medical leaves of absence indicates
that the impact of COVID-19 pandemic had mixed effects on patients suffering from
depression or anxiety in Poland. On one hand, medical absence associated with diagnosis
of anxiety or depression increased significantly with the onset of restrictions aimed at
combatting the pandemic. This suggests either that patients observed worsening of their
condition or that the population increased. On the other hand, pharmaceutical consumption
growth does not mirror this behavior, having increased in the initial month only slightly
before returning to the long-term dynamics.

On its own, the lack of significant increase in consumption associated with COVID-19
stands in contrary to data from the UK [24], where researchers found a significant surge
in pharmaceutical use in the pandemic. In Germany [25], a decrease in the prescription of
drugs for mental disorders was identified. Interestingly, similarly to this study, research
from Portugal found no impact of the pandemic on the increasing prescribing trends of
drugs of interest [26].

The hypothesis for the disparity could therefore be that patients suffering from de-
pression and anxiety (in Poland) did not fare worse when faced with the new reality—or,
alternatively, it indicates that a potentially large population of patients should be under-
going pharmacotherapy but are not, either due to a lack of awareness, unwillingness to
try, poor compliance or limited access to psychiatric care, putting them at higher risk of
adverse events associated with depression and anxiety. It is, however, also possible that
the data used in this study does not accurately capture the impact of the pandemic on the
consumption of prescription medication. This would indicate a potentially large population
of patients at higher risk of adverse events associated with depression and anxiety [27].

The hypothesis of underdiagnosis of depression in Poland can be strengthened by
information presented within the Global Burden of Disease study [20], where the depression
and anxiety rates per 10,000 population in Poland in 2019 were estimated at 2.836 (14%
lower than Central European countries (Countries in Central Europe as defined by the
Institute of Health Metrics and Evaluation are: Albania, Bosnia and Herzegovina, Bulgaria,
Croatia, Czech Republic, Hungary, Montenegro, North Macedonia, Poland, Romania,
Serbia, Slovakia and Slovenia)) and 3.489 (6% lower than the region) respectively.

The argument for underdiagnosis of those mental conditions in Poland is stronger,
since while, historically and socially, the countries have many similarities, Poland is one
of the better developed economically, suggesting potentially better access to healthcare
services. Globally, the use of antidepressants and antianxiety medication is growing,
particularly in high income countries [28].

Between 2008 and 2019, the average consumption per day per 1000 inhabitants in high
income countries measured by daily defined dose increased from 51.98 to 72.93, indicating
a 40% increase and equivalent to an average compound growth of 3% per year [28]. Ac-
cording to the data obtained for this study, in January 2018, the DDD consumption for 1000
citizens per day was 32.94 doses; whereas, in October 2021, it was 49.01, representing a 49%
increase over a little under three years, rather than 12 years.

This suggests that consumption of antidepressants and antianxiety medication in
Poland vastly outpaces the developed world. Nevertheless, the levels remain below the
average consumption in high income countries in 2008, showing the level of the gap still to
be breached to improve the care of patients suffering from depression or anxiety in Poland.

Alternatively, the patients may not have had access to doctors who would be able to
issue a prescription. This hypothesis is however disproven by the increase in sick leave
notes, which must be issued by doctors. Therefore, it is possible that the patients who
obtained medical leave privileges are not undergoing treatment for their mental health
problems. This could explain some increase in sick leave notes issued, as it is possible that
workers in unsteady employment were afraid of losing their job under the unpredictable
circumstances brought around by COVID-19. The relatively low cost of pharmacotherapy,
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with monthly cost starting at 0.75 EUR per month of therapy, indicates that economic
barriers are not the primary limiting factor for treatment.

Verification of those hypotheses warrants further study whenever new data becomes
available, as they carry important implications to health policy.

This study has several limitations. As the pandemic was ongoing as this research was
being published, it was impossible to assess the full impact of COVID-19 on mental health
in Polish patients. Secondly, the data obtained enables analysis on a level of aggregation
which may obstruct the detection of underlying granular trends. Thirdly, the low number of
observations in the analyzed time series inflates the uncertainty in estimates by reducing the
scope for more sophisticated numerical analysis. The monthly format of the data inhibits
the use of more time-sensitive variables, such as governmental restrictions, whose impact
on drug consumption or sick leave would need to be quantified using higher granularity
observations.

5. Conclusions

Although the COVID-19 pandemic had a significant impact on the frequency and
duration of sick leaves due to depression or anxiety in Poland, the consumption of phar-
maceuticals remained largely unaffected and has been increasing at a consistent rate since
2018. Further study is needed to fully understand the reasons behind this and to determine
whether the cause lies in consistently insufficient awareness of treatment in the popula-
tion, restricted access to psychiatric care or alternative methods of coping with depression
prevalent within the Polish population.

This study showed that the COVID-19 pandemic may have a significant impact on
mental health. Physicians should pay attention to the mental health problems among
patients who were affected by the anti-epidemic measures, such as lock-down and remote
work. Moreover, public health programs are needed to address the growing burden of
mental health illnesses.
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Abstract: High medication costs are one of the major barriers to patient adherence. Medication af-
fordability might be improved by generic substitution. The aim of this study was to assess the ef-
fectiveness of the implementation of generic substitution mechanisms in Poland. This was a retro-
spective analysis of nationwide real-world big data corresponding to dispensation of metformin
preparations in 2019 in Poland. Relevant prescription and dispensation data were compared to as-
sess the prevalence of generic substitution and its economic consequences. Among the 1,135,863 e-
prescriptions analysed, a generic substitution was found in only 4.81% of the packs dispensed,
based on e-prescriptions issued for metformin under its originator version and 2.73% under generic
drugs. It is estimated that if these values were applied to the total Polish drug market, patients could
lose the opportunity to lower their co-payment by 15.91% and the national payer to reduce its re-
imbursement expenditures by 8.31%. Our results point at the suboptimal implementation of generic
substitution in Poland. Therefore, relevant actions need to be taken in order to maximise the benefits
provided by this mechanism. It could not only lead to the win-win scenario in which both patients
and the national payer are secured substantial savings, but it could also have a positive impact on
patient adherence.

Keywords: generic substitution; generic drugs; drug costs; adherence; pharmacoepidemiology; Po-
land; retrospective studies; real-world data; big data

1. Introduction

Securing patient adherence to long-term therapies is one of the major challenges
faced by modern public health. In its seminal report published in 2003, the WHO indi-
cated that the level of non-adherence reached 50% in chronic treatments [1]. Although
nearly two decades have passed, not much of an improvement may be observed in this
field. New studies prove that non-adherence is still equally prevalent. For example, a re-
cent meta-analysis found the prevalence of non-adherence to antihypertensive medica-
tions in Asia to be 48% [2]

As with all complex behaviours, non-adherence may have diverse underlying caus-
ative factors. The WHO model distinguishes five clusters of such drivers. Along with the
patient, condition, medication, and healthcare system-related determinants, these are also
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social and economic factors which profoundly influence medication adherence [1].
Among these factors, drug costs play a very important role [3]. Higher out-of-pocket costs
for patients have consistently been associated with various forms of non-adherence, in-
cluding non-initiation, poor implementation (e.g., skipping or reducing doses), and early
discontinuation of long-term therapies (poor persistence) [4].

Unfortunately, drug costs tend to grow, challenging the sustainability of public
healthcare systems and creating serious obstacles to adherence. In such a case, at least a
partial solution of this problem could be provided by a wider use of generic drugs. Cur-
rent evidence supports this point, proving that more expensive drugs might be safely re-
placed by their more affordable generic equivalents [5].

In order to stimulate a wider use of generics, many countries allow for a mechanism
of generic substitution. According to WHO, generic substitution is the practice of replac-
ing a medicine, whether marketed under a trade or generic name, with a lower-priced
alternative medicine (a branded or unbranded generic) [6]. Generic substitution is a
widely used tool in the drug policy of healthcare systems. It secures higher savings for the
healthcare system, intensifies competition between manufacturers, and increases the
availability of treatment for patients. Particularly, it is the last of the mentioned ad-
vantages that plays an important role for many vulnerable groups, such as those suffering
from multiple chronic conditions or the elderly, who often struggle with the overall bur-
den of healthcare costs.

For several European markets (Denmark, Finland, Greece, Spain, Netherlands, Ire-
land, Portugal, and Sweden), generic substitution is mandatory, while for others, it is just
recommended (France, Norway, and Switzerland) [7]. Generic substitution was included
in the official Drug Policy 2018-2020, a strategic document issued by the Polish govern-
ment [8], in accordance with the WHO guidance, which advocated the use of generics to
contain expenditure [9].

However, by providing more affordable therapies, generic substitution can offer ben-
efits that go beyond cost containment. Most studies evaluating the use of generic (rather
than brand-name) drugs, applied in the treatment of chronic diseases, show a significantly
higher long-term adherence following treatment initiation [10]. For example, adherence to
generic, versus brand-name, statins has been extensively studied. Recent studies proved ad-
herence and persistence to be higher among generic statin recipients in Sweden [11] and
Japan [12]. As compared to those initiating brand-name statins, patients initiating generic
statins in the USA were more likely to adhere and had a lower rate of a composite clinical
outcome (comprising of hospitalization for an acute coronary syndrome or stroke and all-
cause mortality) [13]. Similar observations were made in other scenarios, e.g., among el-
derly patients receiving antidiabetics, in whom the substitution between branded and un-
branded products (as well as between generics) of the same substance did not negatively
affect adherence, not even in multiple switchers [14]. In French patients initiating bisphos-
phonates, the prescribing of a generic drug led to a higher persistence rate and to better
implementation at 1 year [15]. Generic initiation was also associated with improved ad-
herence to antidepressants, [16], aromatase inhibitors [17], and imatinib [18].

Thus, a wider use of generic drugs seems to be reasonable, both from the perspective
of the healthcare system (because of cost containment), as well as from the patient’s per-
spective, as an enabler of medication adherence and its positive clinical and economic
consequences. There is evidence proving that a higher adherence is associated with a
lower risk of hospitalisation and lower overall health care costs related to chronic condi-
tions [19]. Thus, a greater use of generic therapies can reduce overall healthcare system
expenditure, both directly and indirectly.

Among European countries, Poland was found to have higher rates of non-adher-
ence. In a cross-European study assessing adherence to antihypertensive treatment, the
average level of non-adherence was 44%, whereas in Poland this value was much higher,
i.e., 58% [20]. Another study found non-adherence in Poland as high as 83.8% in selected
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chronic conditions [21]. Thus, the implementation of medication adherence-enhancing in-
terventions (in particular, an effective use of generic substitution) is extremely important
in Poland.

The Polish healthcare system, like many other European systems, is a health insur-
ance system based on the principle of social solidarity. Health services are provided free
of charge to those insured (i.e., practically the whole population) by both public and pri-
vate healthcare providers, and their costs are covered by the only national health payer,
i.e., the National Health Fund (NHF). The NHF also provides reimbursement for pre-
scribed drugs. Nevertheless, most drugs are subject to an out-of-pocket co-payment by
patients, which varies across and within drug classes. Several drugs of crucial importance
for particular therapies are available at a lump sum of PLN 3.20 (PLN —Polish zloty; ap-
proximately PLN 4.50 = EUR 1, as of June 2021), and some are free of charge. In the case
of other medicines, patients pay 30%, 50%, or 100% of total drug costs out-of-pocket, de-
pending on the effectiveness of the drug, according to evidence-based criteria (e.g., home-
opathic drugs are paid 100%). The co-payment is organized around the idea of stimulating
the use of generic drugs, as a result of the adoption of the reference price system, based
on ATC classes 5, 4, and 3. This system categorizes medicines that are considered inter-
changeable (e.g., an originator and its generic equivalents) into one cluster, enabling the
public payer to cover the same reimbursement amount for all medicines included in that
cluster. Consequently, originator drugs generate higher co-payments than generics. In
these conditions, patients are financially incentivized to use generics, in order to lower
their co-payments [6]. In order to optimize the cost of therapy to the patient, improve
adherence, and generate savings for the public payer, current Polish legislation establish-
ing the rules of the dispensation of reimbursed products in community pharmacies [22]
makes it obligatory for pharmacists and technicians to offer a less expensive alternative,
with an equivalent formulation, to patients filling a prescription for a reimbursed product.

The effectiveness of the practical implementation of generic substitution has not been
thoroughly studied in Poland yet. Considering the present high levels of co-payments for
pharmacotherapy in Poland (reaching, on average, more than 60% of an original drug
price in 2017) [23], it may be assumed that the full potential of generic substitution has not
been reached. In this study, we hypothesized that currently, the mechanism of generic
substitution is underused in Poland, leading to increased patient co-payments and public
payer spending. Therefore, the overall aim of this study was to assess, based on real-world
data for the general population, how effectively generic substitution is used in Poland,
and to what extent this substitution can be optimised to increase the affordability of the
drugs for patients. The study also analysed whether this potential optimisation could gen-
erate additional savings, rather than costs, for the national payer organisation (NHF). The
analysis was possible only recently, due to the introduction of e-prescriptions, which, after
being piloted in 2018, came into regular use in Poland in 2019. It was the first time that the
data on issued prescriptions had been collected on a mass scale, as well as analysed and
compared to the data on filled prescriptions.

2. Materials and Methods
2.1. Data and Study Design

This was a retrospective, custom-made analysis of the 2019 anonymised drug pre-
scription and dispensation data possessed by NHF. In our study, we adopted metformin
as a model drug, which is widely used in diabetes care. The medication is not only avail-
able in Poland, in both a generic and an originator form, but it also plays a significant role
in both patients’ co-payments and NHF’s reimbursement expenditures (in 2019, it ac-
counted for 3.27% of the total patient co-payment, and 2.03% of the total NHF reimburse-
ment budget, being number two on the NHF reimbursement list of drugs incurring the
highest expenditures) [24].
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The NHF database registers full information on prescription drugs dispensed in com-
munity pharmacies in Poland, regardless of whether a particular prescription was issued
by a public or a private healthcare provider. This data includes the quality and quantity
of the medicinal products dispensed, as well as the economic data (such as the cost of a
particular drug), details on patient co-payments, and the reimbursement costs incurred
by the NHF.

The prescription data came from e-prescriptions. After the pilot program was intro-
duced in 2018, e-prescriptions started to be widely used in Poland in 2019, covering a large
part of prescriptions. This allowed for the collection of the original data that was entered
by practitioners on prescriptions when issuing them. The use of unique identifiers allowed
the merging of original prescription and dispensation data in each individual case. Thus,
it was possible to compare the medicinal products prescribed and dispensed, as well as to
trace all the steps of generic substitution.

Reimbursement and co-payment levels in Poland have changed over the time. In
2019, the reimbursement lists were amended six times. Following standard procedures,
the currently binding reimbursement list has been used to calculate reimbursement as per
the date of dispensation. A similar procedure has been used to calculate reimbursement
as per the date of prescribing. It is noteworthy that due to the evolution of the national
reimbursement lists, relevant values for the same medicinal product, as per prescribing
and dispensation, may differ.

In this analysis, only single-compound drugs containing metformin (i.e., the ones
matching the Anatomical Therapeutic Chemical (ATC) code of A10BA02) were analysed.
Consequently, multi-compound drugs were not analysed.

Various presentations of Glucophage (Merck Sante s.a.s., Lyon, France) were collec-
tively counted as the ‘originator drug’, whereas all the other drugs containing metformin
were collectively counted as ‘generic drugs’. In order to be considered an equivalent, a
medicinal product was required to have the same strength and formulation (e.g., an im-
mediate-release dosage or a modified-release dosage).

For the calculation of the volume of the total metformin market in Poland, we used
the national dispensation data recorded in the NHF database. For the assessment of the
generic substitution, only e-prescription data could be used. These represented approxi-
mately 10% of all prescriptions issued for metformin, as the remaining 90% were issued
in traditional paper-based form, not allowing for the analysis of the drugs prescribed.

From a total number of 1,539,863 e-prescriptions issued in Poland for various metfor-
min preparations in 2019, we excluded those which, for various reasons, were not reim-
bursed, and those which were not dispensed. In order to reflect the actual level of reim-
bursement and patient co-payment, we also excluded prescriptions dispensed with incor-
rect reimbursement applied. Thus, the final analysis included 1,135,863 e-prescriptions
(see Figure 1 for details of the e-prescription selection).

2.2. Ethics

Analyses of aggregated, anonymised prescription and dispensation data does not in-
volve ethical issues. Therefore, according to the policy of the Ethical Commission of the
Medical University of Lodz, this analysis was not subject to the ethical approval proce-
dure.

2.3. Statistical Analyses

In descriptive statistics, both the original numbers and percentage rates, calculated
out of the total number of identified substitution cases, were presented, unless otherwise
stated. Values were compared with relevant tests with a p-value of less than 0.05 consid-
ered significant.



Pharmaceutics 2021, 13, 1165

5o0f 14

e-prescriptions issued for
metformin
N =1,539,863

Prescriptions being
not a subject to
reimbursement?

N =198,074

e-prescriptions issued for
metformin being subject to
reimbursement
N=1,341,789

Prescriptions being
not dispensed
N = 169,964

Dispensed e-prescriptions

issued for metformin being

subject to reimbursement
N=1,171,825

Prescriptions
dispensed with
incorrect
reimbursement
N = 35,962

e-prescriptions accepted for
final analysis
N = 1,135,863

Figure 1. Flow chart presenting a selection of e-prescriptions issued for metformin in Poland in 2019
to be included in the final analysis; (1) e-prescriptions issued to citizens who did not benefit from
reimbursement, e.g., those not covered by NHF insurance, foreigners, etc.

3. Results
3.1. National Metformin Market

Details on the total metformin market in Poland in 2019 are presented in Table 1.
According to this data, 10,973,123 prescriptions for metformin preparations were dis-
pensed in Poland, based on which patients were dispensed 19,580,846 packs of various
medicinal products containing metformin. As many as 74.55% of these prescriptions led
to the dispensation of generic drugs, which altogether accounted for 70.06% of the total
number of packs of the various medicinal products containing metformin being dis-
pensed.

The total cost of the dispensed metformin was 298,633,242 PLN, of which 192,183,292
(64.35%) was subject to reimbursements, whereas 106,449,949 (35.65%) was covered by
patients as the out-of-pocket co-payments. The share of the generic drugs was 66.73% in
total costs, 76.13% in reimbursements, and 49.78% in co-payments. On average, the cost
of one single-pack of dispensed generic metformin was 14.53 PLN, out of which patients
paid 3.86 PLN on an out-of-pocket basis (26.59% of the original total price). The cost of
one pack of the dispensed originator drug was 16.94 PLN on average, out of which the
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out-of-pocket co-payment made by patients amounted to 9.12 PLN (53.82% of the original
total price).

Table 1. Metformin market in Poland in 2019; data refer to the dispensation period between 1 January-31 December 2019;
# numbers and percentages do not sum up to the total, as some prescriptions being issued for more than one pack of drug
were dispensed in a form of both a generic and the originator drug. NHF: National Health Fund. PLN: Polish zlotys.

Reimbursement In-
curred by NHF
N % N % PLN % PLN % PLN %

Generics 8,180,452  74.55 13,717,759 70.06 199,289,203 66.73 146,303,153 76.13 52,986,049  49.78

Originator 2,881,556  26.26 5,863,087 29.94 99,344,039 33.27 45,880,139 23.87 53,463,900 50.22

Total 10,973,123  100.00 19,580,846 100.00 298,633,242 100.00 192,183,292 100.00 106,449,949 100.00

Drug Prescriptions # Packs Total Drug Costs Patient Co-Payment

3.2. Generic Substitution

The analysed group of e-prescriptions ultimately included 1,135,863 prescriptions for
various metformin formulations (see Figure 1). Out of this number, only 4.08% (46,295)
were dispensed with substitution. For packs dispensed, the relevant percentage was even
lower, i.e., 3.36% (70,064 out of a total of 2,085,954, see Table 2). Among specific age
groups, substitution occurred most frequently among patients aged 18-29 years (4.11%
out of the total number of packs dispensed in this age group, p < 0.01). The percentage of
drug packs dispensed with substitution was very similar across genders (females: 3.38%,
males: 3.33%, p > 0.05). Finally, there was a significant difference in the percentages of
drug packs dispensed with substitution between drugs originally prescribed as the origi-
nator and a generic drug (4.81% vs. 2.73%, p < 0.01), although both those numbers were
low.

Table 2. The analysis of dispensation of metformin e-prescriptions issued in Poland in 2019 (data
refer to the dispensation period between 1 January-31 December 2019); # other forms of dispensa-
tion which do not satisfy the definition of generic substitution, such as dispensation of a pack with
a dosage or a number of units other than those prescribed, other formulation (e.g., an immediate-
release formulation instead of a modified-release one), etc.

Dispensed without Dispensed with
. s . oy Other #
Variable Generic Substitution Generic Substitution Total
Number of Packs ,,  Number of Packs , Number of Packs
Dispensed ’ Dispensed ’ Dispensed i
0-17 1621 85.36 64 3.37 214 11.27 1899
18-29 10,992 82.04 551 4.11 1855 13.85 13,398
Age 30-49 117,348 82.31 5627 3.95 19,596 13.74 142,571
50-69 831,280 83.60 35,275 3.55 127,800 12.85 994,356
70-89 742,650 81.62 27,753 3.05 139,449 15.33 909,853
90+ 19,241 80.58 794 3.33 3843 16.09 23,878
Gender Female 951,449 82.41 39,050 3.38 164,022 14.21 1,154,520
Male 771,685 82.85 31,014 3.33 128,735 13.82 931,434
r Generic 1,202,735 82.45 39,881 2.73 216,175 14.82 1,458,792
Drug prescribed———;
Originator 520,398 82.98 30,183 4.81 76,581 12.21 627,162
Total 1,723,133 82.61 70,064 3.36 292,757 14.03 2,085,954

3.3. Economic Consequences of Generic Substitution

Dispensation of metformin e-prescriptions, issued with and without substitution,
was analysed in terms of its economic consequences (Table 3). Dispensation with generic
substitution enabled the patient to save, on average, PLN 0.99 per pack of a metformin
preparation. This amount could be nearly doubled, reaching PLN 1.78, if the substitution
was optimised, i.e., if in each case the preparation with the lowest possible co-payment
level was dispensed, respectively. Interestingly, substitution also ensured savings to the
payer since, as a result of the substitution, the NHF paid, on average, PLN 0.28 less for
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reimbursement of one pack of a metformin preparation. Here again, the optimisation of
reimbursements could increase NHF savings (in fact, tripling it (increasing the amount to
PLN 0.94)).

Dispensation without generic substitution resulted in lost savings for both the patient
and NHF (on average, PLN 1.04, and PLN 1.18, respectively, per one pack of a metformin
preparation dispensed ).

Table 3. Economic consequences of dispensing e-prescriptions for metformin preparations with and
without generic substitution in Poland in 2019 (data refer to the dispensation period between 1 Jan-
uary-31 December 2019); # non-zero values resulting from the change of the reimbursement level
between the date of prescribing and dispensation; NHF —National Health Fund; PLN —Polish zlo-

tys.

Dispensed with Generic Dispensed without Generic

Substitution Substitution
Average Sav- Average Sav-
Total Sav- llflagjf;;:sl Total Savings l;ag;f;;;sl
ings (PLN) (PLN)
pensed pensed
(N =70,064) (N =1,723,133)

Real savi - t ip-

eal savings (co-payment as per prescrip 69,640 0.99 1025 # 0.00

tion—co-payment paid)
Patient Ximal potential saving (co-paymentas ., | 4, 1.78 1,799,870 1.04
per prescription—minimal co-payment)

Lost savi - t paid —minimal

ost saving (co-payment paid —minima 55,633 0.79 1,800,895 1.04

co-payment)
Real savings (re?lmbursementv as per pre- 19,743 0.28 1267 # 0.00
scription—reimbursement incurred)

Maximal potential saving (reimbursement

NHF  as per prescription—minimal reimburse- 65,821 0.94 2,028,644 1.18

ment)

Lost saving (reimbursement paid —mini-

46,324 0.66 2,027,465 1.18

mal reimbursement)

3.4. Lost Savings Due to Suboptimal Generic Substitution

We used the values of the lost savings to calculate the total loss for both patients and
the NHF in Poland in 2019, due to dispensation of various metformin preparations with-
out economic optimisation, i.e., savings that would be potentially possible with generic
substitution. Table 4 presents the results of those calculations, for various levels of opti-
misation, i.e., various percentages of metformin preparations dispensed in the form of
generics and the originator. For example, the optimal substitution of just 5% of packs of
metformin originally dispensed as the originator would save the patients PLN 304,881,
while saving the payer PLN 345,922. In case of drugs dispensed as generics, optimal sub-
stitution would generate a savings of PLN 541,851 and PLN 452,686 for the patients and
NHEF, respectively. Reaching the level of 100% optimisation would save the patients PLN
10,837,030 on generics and PLN 6,097,610 on originator drugs, making the total savings
PLN 16,934,640. Relevant numbers for NHF would be similar, i.e., PLN 9,053,721 saved
on generics, and PLN 6,918,443 saved on the originator, with a total of PLN 15,972,164
saved on the whole metformin market.
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Table 4. Lost savings due to suboptimal implementation of generic substitution of metformin prep-
arations prescribed and dispensed in Poland in 2019 (data refer to the dispensation period between
1 January-31 December 2019); NHF —National Health Fund; PLN —Polish zlotys.

Metformin Preparations Dis-

Metf in P: ti Dis-
ettonin Freparations LS pensed in the Form of the Whole Metformin Market (N

pensed in the Form of Gener-

Originator (N = 5,863,087 =19,580,846 Pack:
ics (N = 13,717,759 Packs) riginator (N = 5,863, 580,846 Packs)
Packs)
Savings Lost Savings Lost

Savings Lost

by Savings Lost by Savings Lost by the Patient Savings Lost
the Patient by NHF (PLN) the Patient by NHF (PLN) (PLN) by NHF (PLN)
(PLN) (PLN)
Optimisation
premium 0.79 0.66 1.04 1.18 X X
(PLN/1 pack)
5 541,851 452,686 304,881 345,922 846,732 798,608
10 1,083,703 905,372 609,761 691,844 1,693,464 1,597,216
L. 20 2,167,406 1,810,744 1,219,522 1,383,689 3,386,928 3,194,433
25:11215:1 30 3,251,109 2,716,116 1829283 2075533 5080392 4,791,649
%) 50 5,418,515 4,526,860 3,048,805 3,459,221 8,467,320 7,986,082
75 8,127,772 6,790,291 4,573,208 5,188,832 12,700,980 11,979,123
90 9,753,327 8,148,349 5,487,849 6,226,598 15,241,176 14,374,947
100 10,837,030 9,053,721 6,097,610 6,918,443 16,934,640 15,972,164

The value of the total potential savings achievable, by means of optimised generic
substitution, was compared to the whole metformin market in Poland in 2019. Figure 2
shows the percentage of savings that could be made, for both the patients and the payer,
with the optimal use of generic substitution reaching 15.91% of total patient co-payments
and 8.31% of total reimbursements incurred by NHF on prescriptions issued for metfor-
min, respectively.

Patients

15.91%

O lost savings
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NHF

8.31%

O lost savings

Figure 2. Potential savings that could be achieved by both the patients and the payer due to optimal
use of generic substitution, expressed as the percentage of total co-payment (patients) and the per-
centage of total reimbursement (NHF), corresponding to all metformin prescriptions dispensed in
2019 in Poland. NHF —National Health Fund.

If the same proportion of achievable savings was compared to the total patient co-
payment budget in 2019, which amounted to 3.253 billion PLN, potential savings for the
patients could exceed 518 million PLN. In 2019, the NHF spent 9.455 billion PLN on the
reimbursement of prescription drugs; therefore, potential savings, due to optimised sub-
stitution, could be estimated at 786 million PLN.

4. Discussion

To the authors’ knowledge, this is the first large, nationwide, population-based study
on the effectiveness of the implementation of the mechanism of generic substitution in
Poland and one of very few, such wide-scale studies worldwide. Using real-world big
data, we found a low prevalence of generic substitution applied to only 4.81% of packs
dispensed, based on metformin e-prescriptions issued for its originator version. Another
interesting observation was the even less frequent use of the same mechanism with e-
prescriptions issued for various preparations of generic metformin, which were the sub-
ject of the further generic substitution in only 2.73% of dispensed packs, despite the po-
tential savings the patients could obtain.

This suboptimal use of generic substitution was a reason the patients were losing
large savings. Extrapolating our results to the total national metformin market in 2019,
those lost savings were equivalent to nearly 16% of the total amount that the patients spent
on the co-payments for various metformin preparations. In other words, the patients lost
the chance of reducing their out-of-pocket co-payments by one eighth and to help their
long-term adherence at the same time.

However, perhaps our most interesting finding was the fact that the patients’ lost
savings were parallel to the lost savings of the national payer, i.e., the NHF. Due to subop-
timal use of generic substitution, the NHF lost a chance to save over 8% of the money
spent on reimbursement of metformin preparations.

Thus, our findings prove that the optimised generic substitution of metformin could
lead to a win-win scenario, i.e., along with increased affordability of drugs and its positive
impact on patient adherence, it could lead to substantial savings for the national payer. If
these findings are extended to the total Polish drug market, the potential savings achieved
by both patients and the payer may be hundreds of millions PLN.
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A study performed in 17 low-and middle-income countries showed that, on average,
60% (range: 9-89%) could be saved by an individual country from a switch in the private
sector purchases from originator brands to the lowest-priced generics [25]. This strong
financial incentive is turning many such countries, e.g., China, to the active promotion of
the use of generics [26]. Nonetheless, high-income countries are also able to benefit from
the use of generic substitution. For example, changes introduced in Greece (since 2010)
aiming at the reduction of public pharmaceutical expenditure which, among others, in-
cluded generic substitution, proved effective. The average price per package declined in
2013 by 28%, from EUR 17.8 in 2012 to EUR 12.8 in 2013 [27]. Similarly, in Ireland, claim-
ants’ costs were reduced by one-third when patients were changed to an equivalent cheaper,
or generic, brand of proton pump inhibitor (PPI), while continuing on their original dose and
quantity [28]. Therefore, European countries were advised to adopt various available
measures to increase the use of generics, as a critical cost containment measure [29]. This
approach was also reflected in the guidelines developed by the American College of Phy-
sicians, according to which clinicians are recommended to prescribe generic medications,
if possible, rather than more expensive brand-name medications [30].

This, however, does not close the list of benefits provided by generic medicines,
which offer much more to society than just their cost-saving potential through reduced
prices. Apart from their cost-saving potential, generic medicines have an additional soci-
etal value by providing an easier access to pharmacotherapy, a stimulus for the innovation
of pharmaceutical companies, and, last but not least, helping medication adherence [31].
A clear effect of the relationship between medication affordability and adherence was
demonstrated in Catalonia, where the introduction of a fixed co-payment was followed
by a statistically significant increase in initial medication non-adherence, which was re-
versed after the suspension of the fixed co-payment [32]. Similarly, in the USA, federal
and state generic drug policies lowering cost-sharing were associated with an increase in
patient's medication use and adherence [33].

Aiming to increase the relative consumption of generics and generic substitution,
some countries adopted various interventions, such as prescriptions by an international
non-proprietary name (INN) of an active ingredient. This ensures that the choice of a spe-
cific brand is based, to a lesser extent, on marketing and behavioural factors, and more on
economic calculations. INN prescribing is mandatory in several European countries (for
example, in Estonia, France, Greece, Spain, Netherlands, Portugal, Slovakia, and Italy) and
outside Europe (Australia) [8]. Other interventions include increasing confidence in ge-
nerics and promoting their acceptance by professionals, patients, and the general commu-
nity, as well as incentivizing pharmacists and physicians to prescribe generics more fre-
quently [25]. Such solutions are applied, for example, in France and Hungary. Specifically,
in France, pharmacies receive bonuses for high rates of generic dispensation [34].

In order to further increase the use of generics, it is advisable to employ policies in-
tended to affect prescribing behaviours among physicians, such as guidelines, infor-
mation (about prices and less expensive alternatives), and feedback [35]. This direction is
particularly worth exploring in Poland, as a survey conducted among physicians proved
that many of them doubted the equivalence of generic and brand name drugs, which pre-
vented them from prescribing less expensive drugs [36]. In the light of our findings, which
prove that 30% of metformin prescriptions issued in Poland in 2019 were prescribed for
the originator, this problem seems to remain unsolved.

Therefore, along with stimulating generic prescribing, another approach seems to be
advisable, i.e., a wider use of generic substitution at the level of community pharmacies.
The currently binding Polish legislation obliges community pharmacists to inform pa-
tients on the availability of less expensive drug equivalents whenever such equivalents
are available. It is noteworthy that in the case of common drugs such as metformin, such
availability is a rule. Our results prove, however, that this legislation is not effective in
securing the optimal implementation of the substitution; therefore, the question is how to
improve this situation. Perhaps, one of the reasons is that pharmacists are not always
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aware of this obligation. A survey showed that one in five pharmacists (20.7%) did not
know that each pharmacy had to inform patients about their option to replace a drug they
had been prescribed with its less expensive equivalent [37]. Additionally, this obligation
extends only to providing the patient with information of the option to obtain a substitute;
however, there is no formal enforcement mechanism. Patients are free to purchase the
brand of their choice, regardless of the availability of less expensive options. In such a
case, patients’ beliefs and opinions play an important role. These, however, are not neces-
sarily supportive for generics. Although current evidence does not prove inferiority of
generics, as compared to brand-name drugs [38], the existence of misconceptions may
even lead to side effects and worse outcomes, due to the so-called nocebo effect [39]. More-
over, Polish patients tend to overestimate the choice made by the prescriber who issues a
prescription (who is not necessarily fully aware of availability of less expensive drug
equivalents). This, however, may discourage patients from accepting generic substitution
offered in a community pharmacy [40]. As a result, substitution utilization varies, depend-
ing on the level of awareness of the pharmacist and the patient, as well as an availability
of certain products.

In fact, even the mandatory generic substitution does not offer a complete solution
of the problem. For example, the introduction of mandatory generic substitution in South
Africa showed diverse effects of the use of generics and originators among four studied
groups of drugs. After the implementation of the law, generic SSRIs replaced originator
products, and the effect on ACE-I and calcium channel blockers was less pronounced; in
case of PPIs, the intended effect of the policy was not observed [41].

Perhaps, further studies are required to establish which methods of optimisation of
generic substitution implementation could work best in Poland. Nevertheless, our find-
ings clearly prove that this direction is worth following, both due to the potential patients’
savings for the patient and the payer, as well as the added value of improved medication
adherence. Therefore, Poland should respond positively to the call, which urged govern-
ments to act appropriately and implement a coherent set of policies to increase the use of
generic medicines [31].

There are several limitations of this study, which need to be considered. Firstly, met-
formin is an important drug for public health, because of its basic role in diabetes care. It
accounts for a substantial portion of drug expenditures incurred both by patients and the
national payer. Nevertheless, calculations based on this drug alone may not exactly reflect
the overall tendencies in generic substitution, or its economic consequences in Poland.
Secondly, in order to trace the pathways of substitution, we needed to limit our analysis
to e-prescriptions, which constituted only one-tenth of the total volume of national pre-
scriptions in 2019. Finally, our calculations of potential savings are based on the assump-
tion that the least expensive generic is fully available, which is not always the case. This
all could be a source of the potential bias of our model.

On the other hand, our analysis is the first one of this kind in Poland. Based on a
large portion of the nationwide dispensation database, we were provided a unique op-
portunity to assess the extent and the economic consequences of generic substitution in
real-world big data. A particular strength of our study comes with the use of methodology
which gave grounds for the detailed assessment of the economic consequences of each
individual episode of dispensing, regardless of whether it was associated with generic
substitution or not, despite frequent changes of the reimbursement lists effective in the
observed period.

Thus, we are convinced that this study provides new, important information, which
can stimulate optimisation of the generic substitution implementation in Poland. Cur-
rently available national drug policy accepted the horizon of 2022 [8]; therefore, in its new
version, these issues are undoubtedly worth tackling. Our findings prove that an opti-
mised use of generic substitution can generate substantial savings to both patients and the
national payer. Owing to better drug affordability, it may lead to an improved adherence,
as well. We also hope that the win-win scenario, which we have identified, is a strong
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incentive that will stimulate further research on generic substitution in Poland and
abroad, in a search for the best practices of optimisation of this process.

5. Conclusions

This study was the first large, nationwide, population-based study on the effective-
ness of the implementation of generic substitution in Poland. Real-world big data con-
firmed the low prevalence of generic substitution, applied to only 4.81% of packs dis-
pensed, based on e-metformin prescriptions issued for its originator version (and with
only 2.73% of those prescribed as various generic drugs). This suboptimal use of generic
substitution was a reason for large savings lost by both the patients and the national payer.
Thus, our findings indicate the need to optimize the implementation of generic substitu-
tion in Poland. It could not only lead to a win-win scenario, where both the patients and
the national payer are secured substantial savings, but it could also have a positive impact
on patient adherence.
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Abstract

Background: Real-World Evidence (RWE) provides in-
sights into patient outcomes reflecting current practices
under existing healthcare system conditions. Longitudi-
nal patient data are a source of information that can be
used to track treatments for anonymised individual pa-
tients over time. Arterial hypertension is one of the most
common chronic diseases in Poland, leading to serious
complications, especially if undiagnosed and not proper-
ly controlled. Fixed-dose combinations of antihyperten-
sive drugs become more and more popular in the treat-
ment of hypertension. The objective of this study was to
analyze real-life treatment patterns and medication costs
in patients with hypertension treated with the most pop-
ular ACEI in Poland - ramipril, in monotherapy, loose
and fixed combinations.

Methods: This analysis was based on the longitudinal
prescription database (IMS “LRx”) of individual, ano-
nymized patients structured by product, prescribing doc-
tor specialty and patient age group and sex, sourced from
dispensing transactions of 3367 chain and non-chain
pharmacies, in the Polish open-care market. The peri-
od of analysis covers 20 months (January 2014 - August
2015). It is based on 1 488 053 patients and 9 023 582 pre-
scriptions. Cost calculations were performed from pay-
er’s and patient’s perspectives.

Results: Owing to the availability of multiple treatment
options, patterns in hypertension treatment in Poland are
very complex, even when considered only at the molecule
level. Furthermore, switching to fixed-dose combination
therapy based on ramipril resulted in savings for patients
as well as the public payer.

Conclusion: Wider use of fixed-dose combinations is a
cost saving option both for patients and the public payer.

Introduction

“The notion that evidence can be reliably placed in hi-
erarchies is illusory (...). Observational studies too
have defects but they also have merit. Decision makers
need to assess and appraise all the available evidence”.
This statement made by Sir Michael Rawlins - the Presi-
dent of the National Institute for Health and Care Excel-
lence - supports reaching beyond randomized controlled
trials as a source of information on health technologies!.
The term Real-World Evidence (RWE) or Real-World
Data (RWD) comprises various types of data sets in-
cluding information about epidemiology, effectiveness,

safety, and costs of treatment, all generated and analyzed
outside the framework of randomized controlled trials
(RCTs)™. RWE provides insights into patient outcomes
in a real-life setting, reflecting current practices under
existing healthcare system conditions. It enriches infor-
mation on efficacy obtained from clinical trials by add-
ing data on effectiveness usually collected from a broader
patient population (fig. 1).

Patient data reflects a shift in evidence

evaluation
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Figure 1.

RWE comprises a wide scope of data sources: electronic
medical records (EMRs), (payers/insurers) claims data,
national surveys, disease specific registries, surveil-
lance systems, online communities, data on prescription
patterns, marketing, sales and distribution, (human)
genome data. If we treat these groups as primary data
sources, then secondary sources based on processed, an-
alyzed and researched data can be further distinguished.
Observational studies frequently use retrospective data
from administrative databases or EMRs. In contrast,
a cohort study is a longitudinal study where a group of
persons with the same characteristics and defined ex-
posure is followed in time until the outcome of interest
occurs. Sometimes patient-reported outcomes (PROs)
are measured: in this case information is provided by pa-
tients themselves (fig.2)"..

Among the main stakeholders using RWE in medicine
and healthcare one can list: regulatory agencies, (state)
payers, (state) insurance companies, healthcare provid-
ers, health technology agencies, clinicians, patients, man-
ufacturers, and consultants. In Poland, key stakeholders
have not yet fully embraced RWE as an evidence source,
despite the fact that their involvement seems to be crucial
in the further development of this domain. The recent-
ly performed analysis based on an exploratory survey to
map current awareness and expectations of physicians,
related to practical outcomes data, showed significant in-
terest and broad spectrum of possible actions to improve
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formal use of RWE in Poland”. Some of these efforts
have already started: e.g. related to the health technol-
ogy assessment (HTA) guidelines update currently per-
formed by an expert group at the Polish Agency of Health
Technology Assessment and Tariff System!”. However,
still few guidelines exist regulating usage of RWE in de-
tail»>°), and some of them are devoted to one type or one
therapeutic area only”?.

Sources of Real-World Data (RWD)

RWD is PATIENT data

Lab/Biomarkers

Pharma data )
(ob:erx:ﬁonal) ”u‘ j = Mortality
Consumer . i ! =4
can ) ! Kﬂ ) Socil
S - media data
e
"""" v
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FY) (= '
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Electronic medical = Cai data
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Figure 2.

Scientific quality and validity of information generated
from RWE depend on sample size, representativeness vs.
prevalence and incidence of the disease, completeness
and clarity of the parameters coupled with the level of
standardization".

Longitudinal patient data are generally considered as
any anonymized patient- level information that can be
tracked over time for an individual patient. In accordance
with respective data privacy legislation, no personal data
regarding patient, prescriber or pharmacy are collected
or stored. As a result, such database contains exclusively
anonymized information. Longitudinal patient informa-
tion can help many stakeholders in the healthcare sector
answer patient related questions, learn how medicine in
real-world is practiced over time, along with actual treat-
ment outcomes. This insight, coupled with cost data, can
be useful in decision making processes leading to further
optimized allocation of health care resources both at cen-
tral, regional and individual practice levels..

Hypertension is one of the most common chronic diseases
in Poland, leading to serious complications, especially if
undiagnosed and not controlled properly. Ischemic heart
disease, myocardial infarction and stroke are the leading
causes of death worldwide and, despite a significant im-
provement'”, are still challenges for the healthcare sec-
tor in Poland. Diuretics, beta-blockers, angiotensin con-
verting enzyme inhibitors (ACEI), angiotensin receptor

antagonists and calcium antagonists are commonly used
as a first-line therapy in arterial hypertension monother-
apy. Unfortunately, monotherapy is often insufficient in
controlling patients’ condition, requiring treatment with
more than one antihypertensive agent. Therefore fixed-
dose combinations of antihypertensive drugs become
more and more popular in the treatment of arterial hy-
pertension. They are also recommended by many guide-
lines, including Polish ones, as an effective and relatively
safe therapeutic option/?. Still the efficacy of cardiovas-
cular prevention is hampered by several problems includ-
ing: monitoring; inadequate choice of medication; poor
compliance and adherence to treatment; and sometimes
cost of treatment. For these reasons all main stakehold-
ers, medical professionals, (public) payers and patients
themselves should be interested in selecting effective and
cost-effective treatment options.

The objective of this study was to analyze real-life treat-
ment patterns and medication costs in patients with hy-
pertension treated with the most popular ACEI in Poland
- ramipril in monotherapy, loose and fixed combinations.

Methods

This analysis is based on longitudinal prescription da-
tabase of individual anonymized patients (IMS “LRx”)
structured by product, prescribing doctor specialty
and patient age group and sex, sourced from dispens-
ing transactions in the Polish open-care market, from
3367 chain and non-chain pharmacies (out of a total of
14 372 pharmacies in Poland in September 2015). All an-
alytics are patient centric and market specific, calculated
on an individual transaction basis collected every month
from each pharmacy. Treatment dynamics considerations
are based on a strict episode concept. Therapy episodes
are calculated based on prescriptions and their durations.
Free combinations of drugs in the same market caused by
prescriptions on different days or by different doctors are
taken into account in order to determine therapy com-
binations. If prescription duration is not available in
the data, it is calculated based on existing information.
Treatment pattern model was based on static and dynam-
ic sub-models. The first one took into account initiation
of treatment, treatment change and adding a new therapy
to an existing one, as well as a permanent or temporary
treatment termination. Continuation or restart of the
therapy was considered in the static sub-model (fig. 3).

Figure 3 b
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Patient Treatment Patterns:
Key Performance Indicators (KPI)

Dynamic and Static Treatment Pattern, Treatment Duration Calculation

Figure 3.

Group

Static

Description with example i Present
Kt {X=focus product, O=other product) Lastperiod period
Mew Therapy start with the focused Brand - - X
Win Win from another therapy in the defined market o] X
Add-On Therapy extension alongside an existing therapy 0 0+X
Restart Therapy restart of analyzed Brand aftera gap of treatment X - X
Remaining patients of the previous period with a relevant therapy
Repeat episode inthe cument period hd X
| Off Drug No active prescription in according month X -
Mo follow-up prescription for last 12 months afterthe last on drug
End period. The end classification substitutes the first temporary Off - - -
Drug classification
Loss Loss to another therapy in the defined market X 0
Drop-Off The focused product is stopped from a free combination O+X o

Xrepresents a therapy episode of the focus therapy and O represents a therapy episode of a competitive therapy. Therapy
episodes are calculated market specific based on prescriptions and prescription durations per patient.
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Total volume and value of ramipril and ramipril combi-
nations market was derived from the IMS Pharmascope
database, and prices sourced from the drug prices data-
base IMS Refundator, created from the extant reimburse-
ment list issued by the Ministry of Health as of November
2015.

Cost calculations were performed from payer’s and pa-
tient’s perspectives.

This analysis covers the 20 months period from January
2014 - August 2015. It’s based on 1488 053 patients and
9 023 582 prescriptions.

Results

Ramipril is the most frequently prescribed angiotensin
converting enzyme inhibitor (ACEI) in Poland with ap-
proximately 300 000 patients treated. Its popularity was
the primary reason this drug was chosen for analyses.
The second most popular drug - perindopril - is used
by approximately 80 000 patients. From January 2014 to
March 2015 the number of patients treated with rami-
pril grew month on month to reach a plateau, since when
there has been a slow decline. In the 21 month period

under analysis, the number of patients on perindopril
was relatively stable. Antihypertensive drugs from dif-
ferent therapeutic classes, as well as those used in fixed
dose combinations like indapamide, hydrochlorothia-
zide or felodipine, were also analyzed for the same period
(fig. 4).

A number of patients treated with a fixed dose combi-
nations is much lower with 30 000 and 25 000 patients
receiving perindopril- indapamide and perindopril- am-
lodypine products, respectively. Ramipril- amlodipine
combination, although not the most commonly pre-
scribed, is the most dynamically increasing group of
products (fig. 5).

A detailed analysis of ramipril monotherapy treatment
patterns shows the majority of patients repeat the treat-
ment, there are a substantial number of off-drug patients
in each period and there are many newly initiated pa-
tients (fig. 6).

Analysis of instances of combination therapy among hy-
pertensive patients indicates the most dynamic growth in
the use of ramipril-amlodipine preparations (fig. 7a) and
more stable usage of ramipril-felodipine and ramipril-hy-
drochlorothiazide (fig. 7b and 7c).
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Both the initiation of hypertensive therapy and any sub-
sequent changes are mainly prescribed by family medi-
cine doctors and internal medicine specialists, with a less
pronounced contribution from cardiologists (fig. 8 and
fig. 9). This applies to ramipril monotherapy as well as
fixed combination treatment.
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Figure 9.

Owing to the multiple potential treatment options, treat-
ment patterns in hypertension, even considered only at
international names level, are very complex. They should
be analyzed one by one with a certain degree of detail.
For example: patients on a ramipril-amlodipine fixed
combination would previously have been treated with
ramipril alone, amlodipine alone, or a loose combination
of these 2 drugs, or with another hypertension treatment

(i.e. indapamide, perindopril, enalapril, perindopril-in-
dapamide combination, lisinopril or others) (fig. 10).
If one tries to consider all changes in ramipril-treated pa-
tients the picture becomes very complex (fig. 11).
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Figure 10.
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e Annual Sales ; Patient Cost NHF Cost |Average Patlent Average NHF

1. Amlodipine 14 970 449 99 159 132 51% 96 496 659 6,62 6,45
2. Felodipine 41 539 1 066 985 100% 0 D% 25,69 0,00
3. Hydrochlorothiazide 1298 784 11 006 350 100% 0 0% 8,47 0,00
4. Ramipril 22 742 304 207 945 830 62% 128 126 262 38% 9,14 5,63

Sum monotherapy 39 033 076 319 178 297 99% 224 622 921 41% 817 8,78
5. Ramipril + Amlodipine 703 580 6 822 814 59% 4704 180 41% 9,70 6,69
6 Ramipril + Felodipine 165170 2 340 181 78% 657 682 22% 14 17 3,08
7. Ramipril + Hydrochlorothiazide 271 097 3 468 514 ?ﬁ% 1 081 386 24% 12 79 3 99

Sum combination therapy 1139 85?

MAT 06/2015, IMS seli-in data
Exchange rate (31.12.2015) 1 EUR = 4,2615 PLN; 1 USD = 3,8011 PLN

Table 1.
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Cost analysis over a one-year time period indicates more
than 25 times higher the contribution of costs from
monotherapy than the costs of fixed-dose combinations.
For monotherapy treatments, patient co-payments are
almost 45% higher than the cost covered by the Nation-
al Health Fund (NHF). For fixed combination therapies,
patient contributions are even higher in percentage terms
(tab. 1). The total treatment cost for this sub-group of
anti-hypertensive drugs is substantial, mainly due to the
high prevalence of the disease (the drugs themselves are
relatively inexpensive). In case of the two most popular
molecules, ramipril and amlodipine combination ther-
apy is more expensive on average for both the patient
and NHF than in monotherapy, which might explain its
limited popularity. However, when loose combination
of these products is considered, savings are available on
both sides. The same is true for molecules not reimbursed
in monotherapy, felodipine and hydrochlorothiazide, but
their popularity is limited compared to the two leaders.

Savings are available for both patients and the public pay-
er arising from treatment switches to fixed dose combi-
nation therapy in ramipril and ramipril- related therapy
(fig. 12). A cost increase is observed mainly when the
dose of medication is also increased (in addition to unit
costs).

If only switches from loose combinations to fixed-dose
combinations are considered, only savings are observed
(fig. 13). The scale of the savings however is small com-
pared to the total spending on hypertensive drugs.

Discussion

Due to the scale of the phenomenon, effective and cos-ef-
fective therapy of hypertensive patients is needed by the
society and payers.

Improved allocation of scarce healthcare resources in this
therapy area, where so many reasonably priced medicines
are available, would allow for funds to be reserved for the
more complicated cases, while meeting the aims of pri-
mary prevention programmes. All these considerations
should be made in a country- specific context reflecting
specific healthcare conditions.

Similar studies on fixed-dose combination anti-hyper-
tensive products, with reviews of the associated eco-
nomics, were performed in neighbouring countries -
Germany!"!, and Ukraine/™” - leading to similar conclu-
sions.
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Longitudinal, patient centric databases serve as an ideal
source of real-world information. In our study, we have
analyzed treatment patterns in hypertension on a large,
representative sample of the Polish population. We put
special emphasis on fixed-dose combination products
containing ramipril, and ramipril itself, as the most com-
monly used drug from the ACEI group. Medications from
the same group have also been assessed previously in Po-
land, either from clinical perspective*' or from eco-
nomic?, healthcare sector management"® viewpoints.

There are limitations of our study, as follows:

1. Lack of effectiveness measures, even as secondary
end points; it can be mitigated by including the re-
sults from large cohort studies performed in Poland

2. Compliance and persistence not measured; a longer
time horizon would be more appropriate to meet this
objective

3. Analysis includes only the cost of drugs, while other
treatment cost components are missing. It can be ar-
gued however that these are irrelevant to this study
and outside of its scope

4. Only selected hypertension treatment options includ-
ed. Broadening the scope would require a modified
approach but it is possible to be performed with the
same methodology (for selected medications, group
of drugs or for all anti-hypertensive products)

Further research and analysis are needed to respond to these
limitations. On the other hand, however, to our knowledge
this is the largest study to date of hypertension therapies using
RWE datasets in Poland.

Conclusions

Anti-hypertensive therapy patterns are very complex among
Polish patients. They can be analyzed in detail with RWE da-
tabases like IMS LRx. It is the only option to interpret patients
behavior as well as doctors prescribing habits longitudinally in
their real practice settings.

Analysis of the market leader in the ACEI group, ramipril and
ramipril-based drugs indicate that a wider use of fixed-dose
combinations versus loose combinations offers cost savings for
both patients and the public payer. Savings also arise when pa-
tients are switched from ramipril monotherapy to fixed-dose
combinations, especially when the dose is not increased.

Therefore a switch to fixed-dose combinations would be jus-
tified not only from clinical (where indication in individual
patient exists) but also from the economic perspective. It is in
line with current guidelines on anti-hypertensive treatment. Il
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mygr Dominiki Krupy

{em 1 marnelo I.;m.l_-:.l_'.::. il slaphey

Lua Chudzypleq

{podpis oéwiadczajacego)

*w szezegilnode] udAalu w peey pitowaniv boncepeji, metsdy ki, wy konaniu badan. interpretai s nikdw



...Warszawa, 23 maja 2024. .
(miejscowosc, data)

oo BeataKon ...
(imie 1 nazwisko)

OSWIADCZENIE

Jako wspolantor pracy pt. ,.Feal World Evidence on the Effectiveness of Nusinersen
within the National Program to Treat Spinal Muscular Atriphy in Poland™ oswiadezam, iz mdyj
wlasny wllad merytoryczoy w przygotowanie, przeprowadzenie 1 opracowanie badan oz

przedstawienie pracy w formie publikacji stanowi:

Walidacje wynikow oraz korekte finalnege manuskryptn pod katem jezyvkowym

i merytoryczoym

Moj ndzial procentowy w przygotowaniu publikacyi okreslam jako 5%.
Wiiad Dominilsi Krupy w powstawanie publikacyi okreslam jako 60 %%,
(imiei narwiske kandvda do stopmia)

obejmowal on:

wspoltworzenie koncepeji pracy, opracowanie metodyki, analize danych, interpretacje i
wizualizacje nzyskanych wynikow oraz przygotowanie mamiskryptu
(merytorycay opis whiadu kmdydata do stopnia w powstanie publikaci)*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czest rozprawy doktorskae;
mgr Dominiki Kmpy
{imie i nazwvisko kandydara do siopmia)

(podpis oswiadczajacego)
Signed by /
F'::E:lrplﬁ:uniapr:u:

Besta Monika
fi

Dt [ Dimks:
2024-05-22 03:15

*w szezegolnosaudziah wprzy gotowanm koncepey, metodvky, wyk onanm badan mterpretacy wynikow



...Warszawa, 16 maja 2024
(muejscowose, data)

......... Anna Kostera-Pruszezyk.........
(rmie 1 nazwiska)

OSWIADCZENIE

Jako wspolautor pracy pt. . Real World Evidence on the Effectiveness of Nusinersen
within the National Program to Treat Spinal Muscular Atrophy in Poland™ oswiadczam, 172 mdj
wilasny whilad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacyi stanowi:

Walidacje wynikéw pod katem klinicznym oraz korekte finalnego manuskryptn

Moj udzial procentowy w przygotowanin publikacji okreslam jako 5%.
Whiad Dominiki Krupy w powstawanie publikacji okreslam jako 60 %,
{irmie i nazwiske kandydata do sopmia)

obejmowal on:

wapoltworzenie koncepcji pracy, opracowanie metodyld, amalize danych. interpretacje i
wiznalizacje nzyskanych wynikow oraz przygotowanie mamskryptn
(meryroryczoy opis whiadu kandydata do stopnia w powstanie publikacii)*

Jednoczesnie wyrazam zgode na wykorzystame w/w pracy jako czesé rozprawy doktorskie
mgr Dominiki KI‘IJ]J_W_.-' Podpisang proes) Signed by

L iy . AHMA
(inmie i narwisko kandydata do stoproia) AT ML LS

Oata) Date: 21.05. 2004 1000
mSzafir

(podpis oswiadczajacego)

*u szezegolnosel udzizhn w przygotowaniu koncepeoji, metodykl, wykonaniu badan, inferpretacy wynikow



... Warszawa, 16 maja 2024
(ouejscowose, data)

OSWIADCZENIE

Jako wspolauter pracy pt. . Impact of COVID-19 Pandemic on the Use of
Antidepressant and Antianwiety Pharmaceuticals as well as sick leave in Poland™ oswiadezam,
12 moj wlasny whkiad meryvtoryezny w przygotowanie, przeprowadzenie 1 opracowanie badan

oraz przedstawienie pracy W formie publikacji stanowi:

Wspoltworzenie koncepeji pracy. nadzor nad projektem oraz korekte merytoryezng tekstu
manuskryptu.

Mgy udzial procentowy w przygotowanm publikacji okreslam jako 15%.

Wilad Dominil Krupy w powstawanie publikacyi olyeslam jako 75 %,
(inie i nazwisko kandydata do stopmia)

obeymowal on:

wspoltworzenie koncepcji pracy, opracowanie metodyki, analize statystyczna danych,
interpretacje i wiznalizacje nzyskanych wynikdéw oraz przygetowanie manuskryptu
(meryinryomy opis whisdy kandydat do stopnia w powstanie publikacii)*

Jednoczesnie wyrazam zgode na wykorzystanie wiw pracy jako czes¢ sozprawy doktorskie
mgr Dominik: Kmpy
(inmie | narwisko kandvdata do stopeia) Marcin Bektronicmie podpisany

przez Marcin Crech
Data: 3034.05.16

CZECh 7353:00 +07°00°

(podpis oswiadczajacego)

*w szezegolnoiel udnatn w przygotowaniu koncepo)l, metodykl, wykonanin badan, interpretacyi wymkow



... Warszawa, 16 maja 2024
(nue)scowose, data)

OSWIADCZENIE

Jako wspolautor pracy pt [ Impact of COVID-19 Pandemic on the Use of
Antidepressant and Antianxiety Pharmaceuticals as well as sick leave in Poland”™ osdwiadczam,
12 mo] wlasny whkiad merytoryczny w przygotowanie, przeprowadzenie 1 opracowanie badan
oraz przedstawienie pracy w formie publikacji stanowi:

Pozyskanie danych do analizy oraz korelte finalnego tekstu manuskrypiu

Mgj udzial procentowy w przygotowanin publikacyi okreslam jako 3%.

Witad Dominild Krupy w powstawanie publikacji okreslam jako 75 %,
(irmie i nazwiske kandydat do stopmia)

obejmowal on:

wspoltiworzenie koncepcji pracy., opracowanie metodykil, analize statystyczna danych,
interpretacje 1 wiznalizacje nzyskanych wynikéw oraz przygetowanie manuskrypto
(meryarycany opis whisdn kandydata do stopnia w powstanis publikacin)*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czesc rozprawy doktorskie)

Sigred by /
mgr Dominiki Kmpy Podpisant praez:
{inmie § azwiske kandydats do stopmia) Jsreslsw jan

Dimte [ Dt
2024-05-16 12:18

(podpis oswiadczajacego)

*w szezegolnosicl ndnaln w prrygotowanm koncepeji, metodyk, wykonaniu badan, interpretacyi wynikdw



... Warszawa, 16 maja 2024
(mmejscowose, data)

OSWIADCZENIE

Jako wspolautor pracy pt . Impact of COVID-19 Pandemic on the Use of
Antidepressant and Antianxiety Pharmaceuticals as well as sick leave in Poland”™ oswiadczam,
1z moj wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan
oraz przedstawienie pracy w formie publikacii stanowi:

Weryfikacje analiz pod katem klinicznym oraz korekte finalnego mamskryptu

Mgy udzial procentowy w przygotowanin publikacyi okreslam jako 3%.

Wiiad Dominild Krupy w powstawanie publikacji okreslam jako 75 %,
(immie i nazwiske kandydata do stopmia)

obejmowal on:

wspoltworzemie koncepcji pracy, opracowanie metodyld, analize statystyczna danych
interpretacje 1 wiznalizacje nzyskanych wynikdw oraz przygetowanie mamskryptu
{meryraryczmy opis whiadu kandydam do stopnia w powstanie publikacji)*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czesc rozprawy doltorskie)
mgr Dominild Kmpy
(e | narwisko kandydata do stopoia)

Prdpsmana alaktronczrm preez Anna
Izabela Mosiclak {Camtylikat
kwalilikowany] w dniu 2024-05-18.

(podpis oswiadczajacego)

*w szezegdlnoscl nd=ialn w przygotowanm koncepojl, metodykl, wykonanm badan, inferpretacy wymikow



... Warszawa, 16 maja 2024
(nue)scowose, data)

OSWIADCZENIE

Jako wspolantor pracy pt. .. The Potential to Reduce Patient Co-payment and the Public
Payer Spending in Poland through and Optimised Implementation of the Generic Substitution:
The Win-Win Scenario Suggested by Real-World Big Data Analysis™ oswiadczam. iz moj
wlasny whlad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawiente pracy w formue publikacyi stanowi:

Opracowanie koncepcji pracy oraz wspoltworzenie metodyld badania, wybrane elementy
analizy danych, wspoltworzenie mamuskrypto

Mgy udzial procentowy w przygotowanin publikacyi okreslam jako 35%.
Wiiad Dominild Krupy w powstawanie publikacji okreslam jako 25 %,
(imie i nazwizko kandydata do stopnia)

obejmowal on:

Wspoltworzenie metodyld analiz mumeryeznych oraz interpretac)i wynikdw, przygotowanie
opisu merytorycznego tla badania, wspoltworzenie manuskryptu, korelcta finalnego telcstu
(meryraryczmy opis whiadu kandydara do stopnia w powstanie publikacji)*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czesc rozprawy doktorskie
mgr Dominiki Kmpy
(inmie | rarwisko kandydata do stopeda)

*or spezegdlnosal udzal w przygotowanm koncepei, metodykl, wykonaniu badan, interpretacy wymbkow



... Warszawa, 28 maja 2024...
(miejscowos¢, data)

......... Ancta Machnio (z d. Lichwicrowicz)........
(imig i nazwisko)

OSWIADCZENIE

Jako wspdtautor pracy pt. ,,The Potential to Reduce Patient Co-payment and the Public
Payer Spending in Poland through and Optimised Implementation of the Generic Substitution:
The Win-Win Scenario Suggested by Real-World Big Data Analysis” oswiadczam, iz mdj
wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz

przedstawienie pracy w formie publikacji stanowi:

Wspbltworzenie metodyki badania, przygotowanie danych do badania, wybrane elementy

analizy danych, wspottworzenie manuskryptu

M06j udziat procentowy w przygotowaniu publikacji okreslam jako 10%.
Wkiad Dominiki Krupy w powstawanie publikacji okre$lam jako 25 %,
{imig i nazwisko kemdydata do stopnia)

obejmowal on:

Wspéttworzenie metodyki analiz numerycznych oraz interpretacji wynikow, przygotowanie
opisu merytorycznego tta badania, wspottworzenie manuskryptu, korekta finalnego tekstu
(merytoryczny opis wkladu kandydata do siopnia w powstanic publikacjiy*

Jednoczesnie wyrazam zgode na wykorzystanie wiw pracy jako czgs¢ rozprawy doktorskiej

mgr Dominiki Krupy
(imig i nazwisko kandydata do stopnia)

Mpebe. Medimio

(podpis o$wiadczajacego)

*w szezegblnodei udziatu w przygotowaniu koncepeji. metodyki, wykonaniu badan, interpretacji wynikéw



... Warszawa, 16 maja 2024
(moejscowoss, data)

....Filip Urbanski.........
{mue 1 nazwisko)

OSWIADCZENIE

Jako wspolautor pracy pt. ., The Potential to Reduce Patient Co-payment and the Public
Payer Spending in Poland through and Optimised Implementation of the Genernic Substitution:
The Win-Win Scenario Suggested by Real-World Big Data Analysis™ oswiadczam, 17 mdj
wlasny whiad merytoryezny w przygotowanie, przeprowadzenie i opracowanie badan oraz

przedstawienie pracy w formue publikacji stanowi:

Wepoltworzenie metodyld badania, nadzdr nad projektem oraz korekte finalnego manuskryptu

W&y udzial procentowy w przygotowaniu publikacji okreslam jako 3%.

Whkiad Dominitd Kmpy w powstawanie publikacyi okreslam jako 25 %,
(imie i marwizho kandydata do sopoia)

obejmowal on:

Wspoltworzenie metodyld analiz numerycznych oraz interpretacyi wynikow, przygotowanie
opist merytoryeznego tla badania, wspdttworzenie mamskryptu, korelta finalnego tekstu
(merytoryczmy opis whiadu kandydata do stopnia w powstanie publikacji)*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czesé rozprawy doktorskiej

_— . 5 i
mgr Dominiki Krupy Pt pisatlz'yun przez:
(inie § nazwizke kandydata do stopria) Filip Urbanski
Date | Data:

2024-05-28
16:14

(podpis oswiadczajacego)

*w szezegolnoiel udnaln w preygotowani koncepojl, metodyki, wvkonaniu badan, interpretacii wynikow



... Warszawa, 16 maja 2024,
{misjscowoad, data}

....Beata Szgadkowska-Opasiak.........
(im i 1 nazwisko}

OSWIADCZENIE

Jako wspdtautor pracy pt. , The Potential to Reduce Patient Co-payment and the Public
Payer Spending in Poland through and Optimised Tmplementation of the Generic Substitution:
The Win-Wim Scenario Suggested by Real-World Big Data Analysis™ oswiadczam, iz mij
wlasny whiad merytoryezny w przygotowanie, preeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacii stanowi:

Wspoltworzenie konceptu badania oraz korckte finalnego manuskrypiu

M&j udzial procentowy w preygotowanin publikacii okreélam jako 5%,
Wkiad Dominiki Krapy w powstawanie publikacii okreslam jako 25 %,
(iokig § marwiske kandydate do s opeiiah

obejmowal on

Wapditworzenic metedyki analiz numerycznych oraz iterpretacji wynikéw, prEygotowanic
opisu merytoryeznego th badania, wspoltworzenie manuskryptu, korekta finalnego tekstu

{meryioryeasy opis witade kundvdat do stopnis w powamaie prblizaci)®

Jednoczesnie wyrazam zgodg na wykorzystenie w/w pracy jako czese rozprawy doktorskic
mgr Dominiki Krupy

trnig i namwiskn kandydata de stopnia) @m’,

(pudpls usmadczchegu} 1

*w szezegdinodel udzinly w prey otowanin Loncepeji, metodvki, wykonanis badaf, fintetproeta cii wynikdw E




o Warszawa, 16 maja 2024,
(migjscowodd, data)

(imie i nazwisko)

OSWIADCZENIE

Jako wspolautor pracy pt. ., The Potential to Reduce Patient Co-payment and the Public
Payer Spending in Poland through and Optimised Implementation of the Generic Substitution:
The Win-Win Scenario Suggested by Real-World Biz Data Analysis™ ofwiadezam, 17 méj
whasny wklad merytoryezny w przvgotowanie, przeprowadzenie i opracowanic badan oraz
przedstawienie pracy w formie publikacii stanowi:

Wspoltworzenie konceptu badania oraz karekts finalnego manuskryptu
Méj udzial procentowy W przygotowaniu publikacii okreslam jako 5%.
Wklad Dominiki Krupy w powstawanie publikacii okredlam jako 25 %,

fimaiy L sben Ridyidaen 4o sopai)
ohejmowal on:

Wapbitworzenie metodyki analiz numerycanych oraz interpretacji wynikéw, praygotowanie
opisu merytorycznego fla badania, wspittworzenie manuskryptu, korekta finalnego tekst

femenonyery afs whinda deady data do stoguda u pevestanie publikngi) ¢

Jednoczesnie wyrazam rgodg na wykorzystanie wiw pracy jako czest rozprawy doktorskiej

mgr Dominiki Krupy
L. %Eku’ﬁ..

(iemiag & newisko kardydata do stopn i
(podpis odwiadczajacego)

*w szeeegdineded udzials w prevgotowaniu koncepcii, medoelylid, wykomandy badai, interpretacii wynikow



.. Warszawa, 16 maja 2024 .
(miejscowoss, data)

,,,,,,,,, Ewa Karasiewicz.........
{amig | nagwiske)

OSWIADCZENIE

Jako wspilautor pracy pt. ., The Potential to Reduce Patient Co-payment and the Public
Payer Spending in Poland through and Optimised Implementation of the Generic Substitution:
The Win-Win Scenario Suggested by Real-World Big Data Analysis”™ odwiadczam, 12 mdj
wiasny wklad merytoryezny w przyvgotowanie, przeprowadzenie i opracowanie badafi oraz
przedstawienie pracy w formie publikacyi stanowi:

Wspottworzenie konceptu badania oraz korekte tinalnege manuskoyptu

Méj ud ziat procentowy W praygotowaniu publikacyi okredlam jako 5%.
Whiad Dominiki Krupy w powstawanie publikac)i okredlam jake 25 %,
(b b d nawinke Kaodydans Jo swopniil

obeimowat on;

Wipottworzenie metodyki analiz numerycznyvch oraz interpretacji wynikdw, preygolowianie

opisu merytorycznege tha badania, wspottworzenie manuskrypiv, korekta tinalnego tekstu

leryreryceny epis withdu kandydsta dr slepoiv o powstanie pabliliaeip®
Jednoczednie wyrazam zgode na wykorzystanie w/iw pracy jako czgéd rozprawy doktorskie
mgr Dominiki Krupy

(imede 1 wnswis ke Rannlyebara do stopnia)

{podpis oswiadcrajacego}

*w srcreptlnosel vdzaln w prEy gotowa wie koncepoil, mesnd vkl sy konanm badat, intergretac]i wy nkow



... Warszawa, 16 maja 2024
(muejscowose, data)

OSWIADCZENIE

Jako wspolautor pracy pt. ., The Potential to Fedoce Patient Co-payment and the Public
Payer Spending in Poland through and Optimised Implementation of the Generic Substitution:
The Win-Win Scenario Suggested by Feal-World Big Data Analysis™ odwiadezam. 12 mdj
wlasny wilad merytoryezny w przygotowanie, przeprowadzenie 1 opracowanie badan oraz

przedstawienie pracy w formie publikacji stanowi:
Wspoltworzenie konceptu badania oraz korelite merytoryezna manuskryptu

Mgy ndzial procentowy w przygotowaniu publikacji okreslam jako 10%.
Whkiad Dominild Kmpy w powstawanie publikacji okreslam jako 25 %,
(imie i narwizko kandydata do stopnia)

obejmowal on:

Wspoltworzenie metodyld analiz numerycznych oraz interpretacji wynikow, przygotowanie
opisu merytoryeznego tla badania, wspoltworzenie mamskrypto, korelta finalnego telsstu
(meryioryczmy opis whiady kandydata do stopnia w powstanie publikacii)*

Jednoczesnie wyrazam zgode na wykorzystanie wiw pracy jako czesé rozprawy doktorskie

mer Dominiks Krup} Elektronicznie

(immie § nazwisko kandydata do stopeia) Marcin podpisany przez
Marcin Czach

Data: 2024.05.16
CZEC h 23:51:25 40200

(podpis oswiadczajacegao)

*w szezegolnosel udnaln w przypotowaniu koncepcjl, metodyki, wykonanim badan, interpretac) wynikow



... Warszawa, 16 maja 2024
(ouejscowose, data)

OSWIADCZENIE

Jako wspolautor pracy pt. . Feal-life treatment patterns and medication costs in patients
with hypertension treated with ramipril monotherapy or ramipril loose and fized combinations
in Poland™ odwiadczamK i1z md wilasny whklad merytoryczny w  przygotowanie,
przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:

Opracowanie koncepeji pracy, przygotowanie przegladu literatury oraz czesci kliczne) badania,

a takze wspoltworzenie pierwsze] wersji manuskryptu

Mgy udzial procentowy w przygotowanin publikacyi okreslam jako 50%.

Whkiad Deminild Krupy w powstawanie publikacji okreslam jako 40 %,
(irmie i nazwiso kandydam do stopmia)

obejmowal on:

Analize danych liczbowych wraz z opracowaniem metodyla tejze analizy, interpretacje i
wiznalizacje vzyskanych wynikow oraz wspoltworzenie manuskryptn
{merytoryczy opis whiadu kandydata do stopnia w powstanie publikacji)*

Jednoczesnie wyrazam zgode na wykorzystanie wiw pracy jako czesé rozprawy doltorskie)

mgr Dominiki Kmpy
- y ) i Elektronicznie podpisany
(imie § azwisho kandydata do stopeia) Marcin preez Marcin Czech
Data: 2024.05.16 23:52:23
Czech +0200
(podpis oswiadczajacego)

*w spezegodlnosel ud=aln w przygotowaniu koncepc)l, metodykl, wykonanim badan, interpretacii wynikow



...Warszawa, 16 maja 2024...
(migjscowosé, data)

......... Zbignicw Jasinski.........
(imig¢ i nazwisko)

OSWIADCZENIE

Jako wspolautor pracy pt. ,Real-life treatment patterns and medication costs in
patients with hypertension treated with ramipril monotherapy or ramipril loose and fixed
combinations in Poland” o$wiadczam, iz mé) wlasny wklad merytoryczny w przygotowanie,
przeprowadzenie 1 opracowanie badan oraz przedstawienie pracy w formie publikacji

stanowi:

Przygotowanie czgsci danych do analizy, ich ocen¢ pod kgtem klinicznym oraz korekte

finalnego manuskryptu

Méj udzial procentowy w przygotowaniu publikacji okreslam jako 10%.
Wkiad Dominiki Krupy w powstawanie publikacii okre$lam jako 40 %,
(imig 1 nnzwisho handydata Jo stopans)

obgjmowal on;

Analiz¢ danych liczbowych wraz z opracowaniem metodyki tejze analizy, interpretacj¢ i
wizualizacje uzyskanych wynikow oraz wspoltworzenie manuskryptu

(merytoryezny opas wkindu kandydaw do stopnia w powstanie publikacyiy*

Jednocze$nie wyrazam zgodg na wykorzystanie w/w pracy jako czgé¢ rozprawy doktorskiej
mgr Dominiki Krupy

{immie 1 paewisko kandydata do stopaiad

g’Q\'

(podpis ofwiadczajacego)
 F——
Zbigniew Jasifski

EKARZ
3634778

*w szezegolnosei udzintu w przygotowaniu koneepcji, metodyki. wykonaniu badan, interpretacji wynikow
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