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2. Summary of the dissertation in Polish 

Dowody oparte o dane z praktyki klinicznej (RWE) to prężnie rozwijająca się dziedzina nauk o 

zdrowiu publicznym, ponieważ oferują niespotykane dotąd bogactwo opisu stanu zdrowia populacji i 

ich walki z różnymi chorobami. Na całym świecie popularność RWE wzrasta, choć ich całkowity 

potencjał zdecydowanie przewyższa ich aktualne wykorzystanie. W dalszym ciągu dowody z praktyki 

klinicznej są stosowane relatywnie wąsko, a ich największa popularność często ogranicza się do 

rejestracji produktów farmaceutycznych lub decyzji refundacyjnych. Jednocześnie kluczowy obszar ich 

faktycznego wpływu na wyniki zdrowotne i zachowania pacjentów jest zbyt rzadko mierzony, 

analizowany i wykorzystywany w procesach decyzyjnych. Szersze użycie RWE, m.in. w optymalizacji 

farmakoterapii w warunkach praktyki klinicznej zapewnia bardziej całościowe i praktyczne zrozumienie 

wyników leczenia, kosztów i implikacji w świecie rzeczywistym, dostarczając cennych spostrzeżeń do 

podejmowania decyzji w oparciu o dowody i opracowywania polityki w warunkach systemu opieki 

zdrowotnej. 

Niniejsza rozprawa doktorska przedstawia wybrane aspekty wykorzystania danych RWE w 

kontekście społecznych implikacji farmakoterapii w Polsce, podkreślając równocześnie jej potencjał 

jako kluczowego narzędzia dla planistów polityki zdrowotnej. W rozprawie zwrócono uwagę na 

wieloaspektowy wpływ farmakoterapii, wykraczający poza opiekę zdrowotną, a rozciągający się na 

takie obszary jak dobro pacjenta, produktywność pracowników i zrównoważony rozwój gospodarczy. 

Kluczową kwestią poruszoną w rozprawie jest znaczenie wykorzystania dostępnych źródeł danych do 

skutecznego planowania, monitorowania i oceny wyników interwencji farmakologicznych w celu 

optymalizacji alokacji zasobów i uzyskania maksymalnych korzyści z jej stosowania. 

Rozprawa składa się z czterech powiązanych tematycznie artykułów naukowych 

opublikowanych w recenzowanych czasopismach. W artykule 1 przedstawiono kwestię choroby 

rzadkiej, badając jej wpływ na pacjentów, opiekunów, placówki opieki zdrowotnej i system 

finansowania publicznego. Na podstawie studium przypadku rdzeniowego zaniku mięśni (ang. spinal 

muscular atrophy, SMA) w artykule opisano efekty wdrożenia programu opieki nad pacjentami, który 

wpłynął na uzyskanie poprawy wyników klinicznych pacjentów przy jednoczesnym utrzymaniu 

całkowitych kosztów na przewidywalnym poziomie. Zostało to osiągnięte również poprzez inicjatywy 

takie jak program badań przesiewowych noworodków, czyli położenie nacisku na proaktywne 

podejście do opieki zdrowotnej. W artykule 2 zbadano związek między konsumpcją środków 

farmaceutycznych a produktywnością pracowników, szczególnie w kontekście pandemii Covid-19. 
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Podkreśla on rozbieżność, w przypadku której pomimo znaczących zmian w zachowaniach 

pracowników spowodowanych pandemią, wykorzystanie leków nie zmieniło się w znaczący sposób. 

Eksponuje to problem polityki zdrowia psychicznego i sugeruje potrzebę dalszych badań i działań 

politycznych w celu zaadresowania potrzeb pacjentów w tym aspekcie. W artykule 3 omówiono 

potencjalne korzyści z substytucji leków generycznych jako narzędzia polityki wywierającego 

pozytywny wpływ na pacjentów i płatnika. Podobnie Artykuł 4 ukazuje wyższość terapii skojarzonej 

pod względem kosztów i przestrzegania zaleceń przez pacjenta w porównaniu z podejściami 

alternatywnymi. 

Praca jest zwieńczona praktycznymi implikacjami, opowiadając się za wykorzystaniem danych 

do optymalizacji farmakoterapii w celu osiągnięcia korzyści społecznych, takich jak zmniejszenie 

kosztów dla pacjentów i płatnika publicznego, poprawa wyników zdrowotnych, lepsze stosowanie się 

do zaleceń lekarskich i zwiększona produktywność pracowników. Kluczowe rekomendacje obejmują 

większe wykorzystanie RWE w kształtowaniu polityki zdrowotnej i optymalizacji farmakoterapii, 

zwiększanie dostępu do opieki i diagnostyki, promowanie optymalnego wyboru terapii i jej 

przestrzegania, zwiększanie świadomości na temat korzyści płynących z farmakoterapii oraz 

inwestowanie w inicjatywy takie jak badania przesiewowe noworodków pod kątem chorób rzadkich. 

Podsumowując, praca ta podkreśla znaczenie optymalnej farmakoterapii w kształtowaniu 

polityki zdrowotnej i oferuje wgląd w to, w jaki sposób można wykorzystać dane, aby stawić czoła 

wyzwaniom społecznym i poprawić efektywność 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. 
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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:  

• 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) 

• 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 5 459 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 

 

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 
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[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 

Clinical effectiveness  
Complication rates or mortality in 

a specific diagnosis 

Medical claims data 

Treatment affordability for 

patients 

Comparing the prices of available 

treatment options and 

juxtaposing them with median 

income 

Effective prices in 

pharmacies, GUS data on 

wages 

Adherence to treatment 

Verifying purchasing of prescribed 

pharmaceuticals to a specific 

individual over time 

Medical claims data 

Cost of illness for the healthcare 

system 

Linking together cost-generating 

events to the underlying cause or 

diagnosis 

EMR 

Indirect impact of disease on 

society 

Loss of productivity of workers in 

the economy due to illness-

related absenteeism 

Social insurance data, EMR 
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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 

born in 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 (Zakład Ubezpieczeń 

Społecznych, 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 II 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, 



 

27 

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: 

• Reduced costs for patients 

• Reduced costs for public payer 

• Improved healthcare outcomes 

• Improved adherence to treatment 

• Reduced costs for social insurance 

• Improved worker productivity through reduction of illness 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. 
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Chudzyńska, E.; Koń, B.;
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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 SMA1 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
NFZ 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).
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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 X2 = 0.01),
as presented.
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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.
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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.
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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.
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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)
• 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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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.
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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
SMA1 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 SMA3 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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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: 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. 
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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. 

Drug  Prescriptions #  Packs  Total Drug Costs 
Reimbursement In‐

curred by NHF 
Patient Co‐Payment  

   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 

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. 

Variable 

Dispensed without  

Generic Substitution 

Dispensed with  

Generic Substitution 
Other # 

Total 
Number of Packs 

Dispensed 
% 

Number of Packs 

Dispensed 
% 
Number of Packs 

Dispensed 
% 

Age 

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 

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 

Drug prescribed 
Generic  1,202,735  82.45  39,881  2.73  216,175  14.82  1,458,792 

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 

Substitution 

Dispensed without Generic 

Substitution 

 
Total Sav‐

ings (PLN) 

Average Sav‐

ings per 1 

Pack Dis‐

pensed  

(N = 70,064) 

Total Savings 

(PLN) 

Average Sav‐

ings per 1 

Pack Dis‐

pensed  

(N = 1,723,133) 

Patient 

Real savings (co‐payment as per prescrip‐

tion—co‐payment paid) 
69,640  0.99  −1025 #  0.00 

Maximal potential saving (co‐payment as 

per prescription—minimal co‐payment) 
124,797  1.78  1,799,870  1.04 

Lost saving (co‐payment paid—minimal 

co‐payment) 
55,633  0.79  1,800,895  1.04 

NHF 

Real savings (reimbursement as per pre‐

scription—reimbursement incurred) 
19,743  0.28  1267 #  0.00 

Maximal potential saving (reimbursement 

as per prescription—minimal reimburse‐

ment) 

65,821  0.94  2,028,644  1.18 

Lost saving (reimbursement paid—mini‐

mal reimbursement) 
46,324  0.66  2,027,465  1.18 

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 

NHF, 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‐

pensed in the Form of Gener‐

ics (N = 13,717,759 Packs) 

Metformin Preparations Dis‐

pensed in the Form of the 

Originator (N = 5,863,087 

Packs) 

Whole Metformin Market (N 

= 19,580,846 Packs) 

Savings Lost 

by  

the Patient 

(PLN) 

Savings Lost 

by NHF (PLN) 

Savings Lost 

by  

the Patient 

(PLN) 

Savings Lost 

by NHF (PLN) 

Savings Lost 

by the Patient 

(PLN) 

Savings Lost 

by NHF (PLN) 

Optimisation 

premium 

(PLN/1 pack) 

0.79  0.66  1.04  1.18  x  x 

Optimisa‐

tion level 

(%) 

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 

20  2,167,406  1,810,744  1,219,522  1,383,689  3,386,928  3,194,433 

30  3,251,109  2,716,116  1,829,283  2,075,533  5,080,392  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. 

 

15.91%

Patients

lost savings
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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. 

8.31%

NHF

lost savings
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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 

patientʹs 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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