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1. INTRODUCTION 

1.1 Subject of the research 

The subject of this doctoral thesis is the examination of digital health technologies and other 

digital solutions applicable in clinical trials involving human subjects within the pharmaceutical 

industry, with particular regard to their practical, economic and management implications. The 

research demonstrates how the emergence of digital innovations has transformed the conduct 

of clinical trials and explores the social, technological, economic and regulatory factors that 

influence the uptake and application of these solutions. Although the literature increasingly 

emphasises the benefits of digital clinical trials (DCTs), the issue of cost-effectiveness and its 

measurable and comparable indicators continue to feature only to a limited extent in the 

scientific discourse, which the author thus identifies as a research gap. 

The thesis provides a detailed analysis of the potential applications, identified limitations and 

interrelationships of digital health technologies (DHTs) in clinical trials, and interprets the 

practical significance and economic impacts of DCTs. The research compares the traditional 

clinical trial environment with digital clinical trials using a multidimensional approach, 

highlighting the benefits arising from their application, the emerging challenges, and the 

dynamically changing regulatory conditions that shape today’s pharmaceutical research and 

development strategies. 

The aim of the thesis is also to present a practice-oriented approach that supports 

pharmaceutical professionals, researchers and health economists in the effective management 

and integration of digital innovations into clinical trials. The study not only addresses issues of 

process optimisation but also provides an outlook on expected future directions and trends, 

emphasising that the application of digital innovations holds significant, as yet partially 

untapped, potential for the pharmaceutical industry and healthcare. According to the research’s 

approach, digitalisation offers not merely technological advantages, but also contributes to 

improving the quality of healthcare services, enhancing patients’ quality of life, and enabling 

more efficient and sustainable implementation of pharmaceutical developments. 

Reflecting on the terminological diversity of digital transformation, this thesis uses the term 

‘digital clinical trial’, which encompasses both decentralised trial solutions and other DHTs 
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used in clinical trials within a unified framework. The relevance of the research topic is further 

reinforced by the fact that clinical trials in the pharmaceutical industry represent the most costly 

and riskiest phase of the research, development and innovation (R&D&I) process, where rising 

development costs, lengthening cycle times and difficulties in patient recruitment pose ever-

greater challenges. DHTs therefore offer new operational possibilities; however, their economic 

and managerial implications - particularly their impact on cost structures, timeframes and 

financial returns - require further, systematic analysis. 

1.2 Reasons for choosing this topic 

I graduated as a research biologist and then as a medical biotechnologist, and research and 

development has remained an integral part of my work ever since. After spending years in the 

laboratory, I turned to the pharmaceutical industry, where I currently work as a clinical trial 

project manager, contributing to the successful implementation of R&D&I processes, the 

development of new drug candidates1, the coordination of clinical trials, and the management 

of regulatory approval processes. My work involves identifying and familiarising myself with 

the latest scientific and technological solutions, and integrating them into pharmaceutical 

development projects. As a result, it has become increasingly clear to me that the application 

of digital technology solutions has inevitably become part of daily practice in my field. I have 

come across numerous scientific publications, presentations at professional conferences and 

technology-driven clinical trial designs, all of which have demonstrated that digitalisation is 

leading to revolutionary changes in healthcare and medicine. 

These technological developments had to be followed by regulatory changes within the 

industry, a process that was greatly accelerated by the COVID-19 pandemic that broke out in 

2020. As a result, industry players faced significant challenges: the traditionally structured 

clinical trials used up to that point became unfeasible within a matter of weeks. The pandemic 

has radically transformed the usual conduct of clinical trials. When the coronavirus pandemic 

struck, the traditional clinical trial model - which required in-person attendance, institutional 

involvement, and dedicated trial sites - became virtually unsustainable. Professionals in the 

pharmaceutical industry and regulatory authorities had to adapt immediately: new, temporary 

provisions, methodological recommendations and amendments, valid until further notice, were 

                                                 
1 Drug candidate: or lead compound. An active substance which, based on various laboratory tests, may be 

suitable for preclinical and clinical development (Keserű, 2015) .  
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published on a daily basis. In this unpredictable, rapidly changing regulatory environment, 

enormous pressure was placed not only on the authorities but also on pharmaceutical companies 

and researchers. Innovation has always been a driving force in the industry, but during the 

pandemic it set a pace never seen before. During the period of pandemic restrictions, 

pharmaceutical companies had only one choice: to develop and implement their previously 

planned or entirely new solutions as quickly as possible. 

Keeping pace with the turbulent changes in the environment required a greater degree of 

adaptability than ever before, so medicines regulatory authorities responded to the situation by 

assessing applications to amend the plans of ongoing clinical trials within a short timeframe 

and under an accelerated procedure. However, this level of flexibility was essential for other 

stakeholders, as it ensured that trials did not come to a standstill and, indeed, gained new 

momentum thanks to digital solutions. The use of remote solutions enabled patients to continue 

accessing treatment and allowed a significant proportion of R&D&I processes to continue. 

The tension within the industry was further exacerbated by the fact that, whereas the market 

had previously been slow to react and strictly regulated, users now expected a rapid response. 

This dual pressure continues to pose challenges for regulatory authorities even after the COVID 

crisis has subsided, as the development of the framework - intended to be transitional - still 

requires regular review and fine-tuning. Whilst weighing up best practices, the primary 

objective of regulatory authorities at all times is to ensure, with the utmost rigour, the safety of 

patients participating in clinical trials and the protection of their rights. 

The biennial global survey conducted by the non-profit organisation the Center for Information 

and Study on Clinical Research Participation (CISCRP) helps to assess the practical 

significance of the changes affecting the industry brought about by the pandemic. In the latest 

study, published in 2025 (Center for Information and Study on Clinical Research Participation, 

2025) 12,000 patients who had participated in clinical trials were asked about their experiences 

with DCT participation. The survey results highlighted that the integration of digital 

innovations into clinical trials contributes significantly to the creation of a patient-centred 

environment, which in turn has a positive impact on participants’ willingness to participate, 

satisfaction, and sense of security. Overall, it can be said that the use of digital innovations in 

clinical trials is beneficial not only for pharmaceutical companies and regulatory authorities, 
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but also for users. Their use can lead to a faster, more efficient, more transparent and more cost-

effective R&D&I process. 

A comprehensive literature review was conducted to explore the topic and refine the doctoral 

research focus. The review indicated that, whilst numerous publications report on the benefits 

and challenges of DCTs, relatively few sources discuss the potential for process transformation 

and its impacts, particularly on financial outcomes. To date, only a handful of authors have 

examined specific examples and case studies. 

1.3 The aim of the research 

The identified research question reflects on issues of paramount importance today, as a complex 

understanding of the innovative solutions created by digitalisation and the new challenges 

associated with them is essential in a rapidly changing technological and regulatory 

environment. In the field of clinical development within the pharmaceutical industry, a 

transformation is taking place in both operational models and decision-making criteria, which 

justifies a systematic examination of the impacts of digital solutions. 

The aim of this research is to explore and analyse the economic and management impacts of 

DCTs based on DHTs in pharmaceutical clinical development. The thesis focuses on examining 

how the application of DHTs transforms the cost structure, timeline and resource utilisation of 

clinical trials, as well as how it influences the return on investment (ROI). 

The research objectives also include identifying the conditions and constraints under which 

DCTs can be conducted in an economically sustainable and management-viable manner. In this 

context, the thesis not only focuses on the benefits of DHTs but also interprets the challenges 

and decision-making dilemmas associated with their application, thereby contributing to a 

broader scientific and practical understanding of DCTs. 

1.4 The relevance of the topic 

The relevance of the research topic is justified by both industry demands and trends, as well as 

patients’ growing expectations, which together drive the adoption of digital solutions in clinical 

research. Today, digitalisation and technological innovation are no longer merely optional 
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development paths, but are emerging as essential prerequisites for the sustainable and cost-

effective conduct of future clinical trials in the pharmaceutical industry. 

The timeliness of this topic is particularly underscored by the fact that the uptake of digital 

technologies in the field of clinical trials has accelerated significantly, fundamentally 

transforming the methodology of R&D&I in the pharmaceutical industry, as well as 

organisational operations and the regulatory environment. In this complex and dynamically 

changing technological and legal environment, the COVID-19 pandemic has led to a further, 

extraordinary acceleration. The extreme circumstances arising during the pandemic have 

highlighted the vulnerability of traditional clinical trial models, as well as the limited 

responsiveness of existing regulatory mechanisms. 

As a result of the pandemic, cooperation between regulatory authorities and industry 

stakeholders intensified to an unprecedented degree, leading to the updating of relevant 

guidelines and recommendations in an unusually short timeframe. Through professional 

consultations and industry forums, regulations were developed in record time that enabled the 

application of innovative, digital, and decentralised solutions. However, these processes cannot 

be interpreted in isolation from one another, as technological, organisational and regulatory 

factors interact with one another, which justifies a holistic examination of the topic. 

The relevance of this research is further reinforced by the fact that, although the benefits of 

DCTs are increasingly discussed in the literature, relatively few scientific studies have so far 

been produced that examine their economic, management and operational implications in a 

comprehensive and practical manner. In a rapidly changing technological and regulatory 

environment, it is therefore particularly justified to conduct research that interprets the 

opportunities offered by digitalisation and the associated new challenges in a complex manner. 

The identified research question thus reflects on the key issues of our time and is closely linked 

to the current and future directions of clinical development in the pharmaceutical industry. 

1.5 Presentation of the research framework: research approach, 

study methods, limitations of the research 

The development and successful market launch of a drug is a 10-15-year process (DiMasi et 

al., 2016; Hinkson et al., 2020). Drug candidates undergo a series of clinical trials and 
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regulatory approvals, as a result of which, out of approximately 10,000 molecules, ultimately 

only one receives marketing authorisation and reaches patients. The entire process is lengthy 

and time-consuming, with a total cost of USD 1.5-2.5 billion 2 . As a drug candidate does not 

generate profit prior to market entry, alongside the early termination of unsuccessful 

developments, precise planning and timing are similarly decisive factors, as gaining a market 

advantage significantly increases the revenue generated by the original drug3 .  

Clinical trials account for the largest share of the costs in the R&D&I process. In recent years, 

expenditure has risen further due to increasingly specialised therapies, greater difficulty in 

recruiting patients, and a shortage of trial sites and healthcare staff. In addition to being a 

regulatory requirement, clinical trials provide evidence of essential information regarding the 

therapy, such as dosing, pharmacokinetic characteristics4, safety and side effects, volunteers 

participating in trials gain free access to treatments for which they might otherwise have to wait 

years, yet which, alongside the risks they consciously accept, can save lives. Progress through 

the trial phases becomes increasingly expensive, as it requires the involvement of more and 

more patients, often in multinational, multicentre, comparative (multi-arm) trial designs. This 

is accompanied by additional costs related to logistics, the maintenance of trial sites, data 

management and processing, and patient follow-up. 

The use of DHTs offers time- and cost-effective operational alternatives to these challenges. 

Digital solutions enable more targeted patient recruitment, automated data collection and 

processing, and real-time monitoring, which can result in shorter cycle times and, at the same 

time, a more inclusive, patient-centred trial environment. All of this can help ensure that 

innovative therapies reach patients more quickly and effectively. 

The aim of my research is to map the economic processes involved in the digitalisation of 

clinical trials - the most costly element of the pharmaceutical R&D&I process - and to 

demonstrate the management-related impacts of digital innovations.  

                                                 
2 USD exchange rate: 1 $ = 360 HUF, calculated using the exchange rate as at 30 April 2026. The total cost of 

drug development referred to is 465,985,500,000 - 776,642,500,000 HUF. 
3 Original drug: an original formulation which the first manufacturer may place on the market following a full 

authorisation process. The manufacturer is entitled to patent exclusivity (Directive 2001/83/EC, 2001) . 
4 pharmacokinetic characteristics: pharmacokinetics is the branch of pharmacology that studies the fate of a drug 
within the body. Based on the ADME principle, it describes the absorption, distribution, metabolism and 
excretion of the drug. Knowledge of these properties is essential for determining the correct dosage, efficacy 
and safety (Keserű, 2015) . 
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The research questions identified during the literature review were tested in a Hungarian 

context. The research follows a mixed-methods approach, employing both qualitative and 

quantitative methods. Building on the literature review, expert interviews and a quantitative 

questionnaire survey examine the economic and management impacts of DCTs in the 

Hungarian context. 

In order to explore the topic as thoroughly as possible, I interviewed experts working in various 

fields about their experiences and future outlooks, thereby ensuring a multidisciplinary 

approach to the research. As the experts interviewed have different backgrounds, I took into 

account the relevant contextual factors when interpreting the results, which further nuance the 

picture obtained. It became clear to me as early as the research objective stage that, due to the 

rapidly changing technological and regulatory environment, the long-term effects of individual 

solutions can only be estimated tentatively based on the information available today. 

The research framework emphasises that the economic benefits of DCTs do not manifest in the 

same way in every case or in every environment. The realisation of these effects depends on 

the phase and complexity of the trial, the organisation’s technological and operational 

readiness, and the stability of the regulatory environment. Accordingly, this paper interprets the 

effects of DCTs not as a general improvement in performance, but as the result of management 

decisions tied to specific circumstances. 

The research framework developed is based on the fundamental assumption that the 

introduction of DHTs into clinical trials exerts its economic and management impacts not 

directly, but through the transformation of how trials operate. Accordingly, DCTs can be 

understood as an operational approach that influences patient recruitment, data collection, trial 

monitoring, and the spatial and temporal organisation of trials. These operational changes affect 

the cost structure of, the duration of trials and resource utilisation, and ultimately the financial 

returns and risks of clinical development. The framework emphasises that these impacts do not 

manifest in the same way in all cases and in all contexts, but depend on the phase and 

complexity of the trial, the organisation’s preparedness and the regulatory environment. 

1.6 Expected outcomes of the research, benefits of the research 

The research findings provide a comprehensive picture of the industry, societal and 

technological changes that have influenced the emergence of DCTs, with particular regard to 
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the digitalisation processes accelerated by the COVID-19 pandemic. The study provides a 

nuanced analysis of the regulatory environment undergoing transformation as a result of these 

influences, and presents the currently applied regulatory frameworks in light of the identified 

challenges and opportunities. In parallel, it explores how digital health innovations are 

transforming the processes of organising, conducting and collecting data in clinical trials. 

Through comparative analyses, the research highlights the cost-saving effects of applying 

DHTs in clinical trials and demonstrates how these solutions contribute to more efficient patient 

recruitment, reduced operational costs and simplified patient follow-up. The findings reveal the 

new opportunities that DCTs offer in the field of clinical development, the challenges the 

pharmaceutical industry must face in their implementation, and help identify the potential for 

cost savings and efficiency gains in clinical development. 

The theoretical significance of the research lies in its evaluation of the R&D&I processes in the 

Hungarian pharmaceutical industry based on international examples, its mapping of the current 

state of digital transformation, and its identification of future directions and opportunities in the 

management of DCTs. The examination of the cost-reducing and efficiency-enhancing role of 

innovative technologies - particularly from an economic and management perspective - is an 

area that has received limited coverage in the international literature and represents a distinct 

gap in the Hungarian context. The results of this research thus contribute to broadening the 

economic perspective of clinical research, with particular regard to the interpretation of cost 

structure shifts and the ROI. 

The practical significance of the research lies in the fact that it offers a structured, decision-

support framework for stakeholders in the pharmaceutical and healthcare management sectors, 

at both domestic and international levels. The applied technology and innovation management 

approach supports the more efficient, faster and cost-effective implementation of clinical trials. 

The results of the analyses can be used to formulate models and recommendations that provide 

guidance on the practical application of current regulatory frameworks, the organisation of 

R&D&I activities, and the optimisation of innovation processes. The research’s change 

management approach ensures that the results are interpretable in practice and provide support 

for strategic decision-making to promote the sustainable development of the pharmaceutical 

industry during a period of paradigm shift. 
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1.7 Structure of the doctoral thesis 

The first chapter summarises the research topic and its relevance, framework, objectives, and 

theoretical and practical significance. 

The second chapter reviews the practices in the domestic and international literature related to 

the research topic, as well as the research questions formulated on the basis of the literature 

review.  

The third chapter outlines the research methodology, the characteristics of the research 

sample, and the research questions. 

The fourth chapter presents the results of the expert interviews and the quantitative 

questionnaire conducted as part of the empirical research. 

The fifth chapter contains a summary of the responses to the research questions, as well as the 

correlations identified as a result of the research. 

The sixth chapter, in addition to the discussion, outlines future research directions, the 

limitations of the research methodology, and recommendations for improvement. 
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2. LITERATURE REVIEW 

2.1 The importance of clinical trials in drug development 

According to the wording of Act XCV of 2005 on Medicines, a medicinal product is defined as 

‘any substance or mixture of substances presented as a product intended for the prevention or 

treatment of human diseases, or those substances or mixtures which, through the induction of 

pharmacological, immunological or metabolic effects to restore, improve or modify a 

physiological function in humans, or for the purpose of establishing a medical diagnosis, and 

which may be used in or on the human body” (Act XCV of 2005, 2005). For a molecule to 

become a promising drug candidate and ultimately reach hundreds or thousands of patients as 

a medicine, it must undergo a long and costly process spanning decades. 

The decades-long process of pharmaceutical research and development begins with research 

grounded in specific market needs and corporate strategy. A solution is sought for a particular 

clinical condition, which requires in-depth knowledge of the development and mechanisms of 

the disease, as well as the altered chemical pathways resulting from the human body’s response 

to it. It is, among other things, with this information that the relevant genes and their target gene 

products can be identified (Lo et al., 2009; Nag et al., 2022). If the target is relevant, laboratory 

design proceeds based on data from the literature and market needs. Researchers examine tens 

of thousands of molecules in available molecular libraries to identify a potential drug candidate, 

a so-called lead molecule, that could provide a solution for them. Today, classical analytical 

methods are supplemented by computer-aided design and prediction software. Following so-

called in-silico studies, promising molecular candidates undergo in-vitro laboratory analysis -

that is, in Petri dishes using cell cultures - during which researchers seek to identify the potential 

molecular candidate. If the previous steps are successful, the preclinical phase can begin. The 

promising drug candidate is evaluated for efficacy, safety and potential toxicity using further 

laboratory experiments and animal models. They examine whether the compound is 

carcinogenic, has no foetal-damaging effects (teratogenic), or causes genetic changes 

(mutagenic). In addition, it is evaluated in terms of stability and pharmacology. If the results 

continue to give cause for optimism, research proceeds to human clinical trials. 
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1 The process of R&D&I in the pharmaceutical industry 

Source: own compilation 

By definition, “any investigation in humans intended to: a) determine or confirm the clinical, 

pharmacological and/or other pharmacodynamic effects of one or more medicinal products; b) 

to identify the side effects of one or more medicinal products; or c) to study the absorption, 

distribution, metabolism and excretion of one or more medicinal products for the purpose of 

verifying the safety and/or efficacy of those medicinal products” (Regulation 536/2014/EU, 

2014). The evaluation of medical devices5, interventions, other therapies and diagnostic 

procedures is also carried out through clinical trials. Depending on the countries involved in the 

                                                 
5 medical device: any instrument, apparatus, appliance, software, implant, reagent, material or other article 

intended by the manufacturer, either alone or in combination, for use in humans for one or more of the specific 

medical purposes listed below: 

— the diagnosis, prevention, monitoring, prediction, prognosis, treatment or alleviation of disease, 

— the diagnosis, monitoring, treatment, alleviation or compensation for an injury or disability, 

— examination, replacement or modification of anatomy or of a physiological or pathological process or condition, 

— providing information through the in vitro examination of samples derived from the human body, including 

organs, blood and tissues, 

and which achieves its primary intended effect in the human body or on the human body not by pharmacological 

or immunological means, nor by metabolic means, but whose action may be assisted by the aforementioned 

mechanisms of action (Regulation (EU) 2017/745, 2017) . 
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trial, a national and/or international medicines regulatory authority approves the feasibility of 

the clinical trial based on a set of documents with legally defined content relating to the trial. 

Following thorough planning lasting several months, the compilation of comprehensive 

documentation covering every detail is also a time-consuming process. Once the authorisation 

fee has been paid and the authority has accepted the application, the trial can begin. 

Clinical trials can be divided into four phases, each of which is essential and indispensable for 

understanding the properties of the drug. 

The so-called Phase I trial is the first step in the use of the investigational product in humans. 

Generally, healthy volunteers take part, but in cases where this would be unethical, such as 

when testing anti-cancer drugs, patients are already included in the first phase. In such cases, 

the trial is classified as Phase I/II (Semmelweis University, n.d.). The number of patients 

involved varies; typically, the pharmacokinetic and pharmacodynamic6 (Ernstmeyer & 

Christman, 2023) properties and side effects of the drug substance are investigated in a group 

of a few dozen people, the tolerable dose is determined, and the mechanism of action of the 

drug on the body is studied. 

Phase II trials are planned based on the results obtained. A group of several hundred patient 

volunteers is used to validate the effective and safe dose range and the method of administration 

determined in the previous phase, to ensure the expected effect is achieved. One group of 

patients receives the investigational drug in addition to the best currently available treatment, 

whilst the other group receives a placebo7 instead of the investigational drug. The drug 

candidate is assessed for the first time in terms of efficacy, and further information is gathered 

on short-term side effects, as well as the drug’s efficacy and safety in the disease being treated. 

We distinguish between Phase II/A trials, in which the dose required to achieve the desired 

effect is determined, and Phase II/B trials, in which the efficacy of that dose is studied. 

Phase III trials involve several thousand patients and are conducted to confirm the results 

obtained during Phase II, and to confirm clinical relevance and significance. The efficacy and 

safety of the specified dose level are investigated in a larger and more representative sample; 

                                                 
6 pharmacodynamics: describes the effect of medicines on the body. It helps to determine the potency of the 

administered dose, the mechanism of action of the drug, such as its binding to target receptors, interactions between 

enzymes and other targets, the identification of drug interactions, and the side effects produced (Keserű, 2015) . 
7 placebo: an inactive substance or treatment - for example, sugar or a saline solution. 
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in addition, side effects are continuously recorded, and the drug is compared with another 

product or therapy already available on the market and used in everyday treatment. Typically, 

these are multinational trials conducted in parallel across multiple sites and countries based on 

an identical protocol, using the controlled trial design described for Phase II. Patients are 

divided into so-called treatment arms according to various trial protocols to evaluate the drug’s 

mechanism of action. If the trial is conducted in an anonymised manner and neither the patient 

nor the treating physician knows which treatment the participant is receiving, this is referred to 

as a double-blind trial design. The aim of this is to ensure the reliability of the data 

(Magyarországi Klinikai Vizsgálatszervezők Társasága, n.d.). 

The results obtained during phase trials provide regulatory authorities with the evidence 

required for marketing authorisation; following the evaluation of this evidence, the registration 

of the medicinal product, that is, the regulatory assessment process, can begin, and upon 

successful completion, the product is granted a marketing authorisation. During the marketing 

authorisation procedure, a regulatory authority assesses the quality, relative safety and efficacy 

of the new substance. If it meets the requirements, the product is designated as a medicinal 

product for the indicated use within the framework of an administrative procedure and subject 

to specific conditions” (NNGYK, 2023). However, this often requires documentation running 

to several thousand pages, containing a detailed description of manufacturing and quality 

control conditions, reports on preclinical (animal) studies, and results from human clinical 

trials. As part of the documentation, certain administrative data must be submitted, such as the 

so-called accompanying documents, information leaflets for healthcare professionals and 

patients, the packaging design, and samples of the active substance and finished product. It is 

also necessary to draw up a risk management and pharmacovigilance8 plan for the management 

of adverse events and the regular review of the safety of the medicinal product.  

Under the national procedure, the assessment of the medicinal product is carried out by the 

National Centre for Public Health and Pharmacy (NNGYK) (formerly the National Institute of 

Pharmacy and Nutrition (OGYÉI)). The marketing authorisation issued through this procedure 

is valid only in Hungary. In addition to national authorities, the European Medicines Agency 

(EMA) and the Committee for Medicinal Products for Human Use (CHMP) are responsible for 

                                                 
8 pharmacovigilance: an activity aimed at monitoring the benefit-risk balance of a medicine to ensure its safety, 

with the aim of reducing risks and increasing benefits (Act XCV of 2005, 2005) . 
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issuing authorisations valid within the European Union, whilst in the United States this role is 

performed by the U.S. Food and Drug Administration (FDA). The successful registration 

process can take up to 210 days, so it is no exaggeration to say that every minute counts in the 

pharmaceutical industry.  

Following marketing authorisation, clinical trials are concluded by so-called post-marketing or 

Phase IV trials. The aim of this is to assess long-term efficacy and safety, to understand how 

patients optimally use the medicine in real-life settings beyond laboratory conditions, and the 

large number of patients involved provides an opportunity to identify any rare side effects. It is 

also acceptable to generate real-world data/real-world evidence (RWD/RWE) based on real-

world information obtained from databases through observational studies. The assessment of 

the product’s risk-benefit analysis relies on Phase IV trial results. Evidence must be gathered 

during so-called post-marketing studies for further use, e.g. for the purpose of expanding 

indications, testing in new patient populations (e.g. children) or applying a new dosing regimen. 

The characteristics of the phases are summarised in the table below. 

 Objective 

Average 

number of 

patients 

involved 

(people) 

Average total 

cost ($) 

Success rate 

(%) 

Phase I Safety, dosage, side effects 40-100 / 20-80 $10 million 10 

Phase II efficacy, optimal dose 
50-200 / 100-

300 
$30-100 million 20 

Phase III 

Confirmation of efficacy and 

safety, comparison with 

standard therapy 

1,000-10,000 / 

1,000-3,000 
$200 million* 60 

registration regulatory approval - 
$1.5-2.5 

billion** 
95 

Phase IV 

post-market optimisation of 

use, investigation of  rare 

side effects 

   

*one trial is generally not sufficient to obtain authorisation 

** including the costs of unsuccessful developments 

 

1 Characteristics of clinical trial phases 

Source: own compilation, based on the Hungarian Association of Pharmaceutical 

Manufacturers, 2022; National Institutes of Health, 2025. 
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There are also other types of clinical trials that are similarly subject to regulatory approval. 

“Non-interventional studies are clinical research activities that differ from clinical trials in that 

the procedures carried out do not deviate from standard healthcare practice” (235/2009. (X. 

20.), 2025). The prescription of a medicinal product already holding a marketing authorisation 

is not for the purpose of the trial; it is used in the manner customary in clinical practice, and no 

additional diagnostic or monitoring procedures are applied to the patient (NNGYK, 2023). Data 

collection and database analysis are carried out in relation to patients’ medication or diagnostic 

methods applied in accordance with standard clinical practice, as in all types of clinical trials, 

whilst ensuring the protection of sensitive personal data. Medical devices may only obtain a 

marketing authorisation if they are backed by data from clinical trials demonstrating the 

device’s safety and performance (Regulation (EU) 2017/745, 2017). 

Once the product has entered the market, its life-cycle management is a phase that continues 

for many years. This includes marketing, the manufacturing process, distribution, and the 

operation and management of the pharmacovigilance system, but it may also involve further 

research and development if there is an extension of indications or if changes to the medicinal 

product are required, e.g. reformulation. 

Long-term research and development, continuous and rigorous testing, and independent 

regulatory oversight ensure that only high-quality, safe and effective medicines reach patients. 

The scale of these figures can be illustrated in practice by the following real-life example. 

Cariprazine, regarded as the most significant achievement of the Hungarian pharmaceutical 

industry, is the first original formulation invented in Hungary to receive FDA approval 9, with 

Hungarian researchers from Richter Gedeon participating throughout the R&D process. The 

research project dates back to 1999. The molecule was synthesised in 2002, and clinical trials 

began in 2004. It received FDA approval in the US 11 years later, and in the European Union 

in 2017. The first dossier submitted in the United States covered the indications of 

schizophrenia and bipolar mania, comprising a total of 4,500 files and approximately 1,200,000 

pages. The first dossier submitted in the European Union for the treatment of schizophrenia, 

including dominant negative symptoms, consisted of 1,100 files and approximately 110,000 

pages. In the field of scientific communication, more than 100 professional publications have 

                                                 
9
 FDA approval: marketing authorisation granted by the US Food and Drug Administration for a given medicinal 

product. 
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been published worldwide, and approximately 500 posters and more than 25 oral presentations 

have been presented at international conferences. Thanks to the continuous expansion of 

indications, the now blockbuster antipsychotic10 is available in nearly 70 countries worldwide, 

providing relief to 2 million patients and their families. Figure 2 illustrates how Richter’s unique 

development became a global success (Richter Gedeon Nyrt., 2025). 

 

2 The cariprazine life-cycle management process 

Compiled by the author based on information from gedeonrichter.com 

2.2 The evolution of clinical trials 

Clinical trials have undergone a development process spanning more than two thousand years, 

leading from the first documented observations in antiquity to the complex, strictly regulated 

trial environment of today’s digital age. This evolution has taken place in three main areas: 

methodological development (control, randomisation, double-blind design), ethical regulation 

(protection of human rights, informed consent), and technological innovation (digitalisation, 

decentralisation). 

                                                 
10

 blockbuster: a drug whose annual sales exceeded 1 billion. 
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3 A timeline of the evolution of clinical trials, highlighting key ethical and regulatory 

milestones from 500 BC to the present day 

Source: own compilation 

2.2.1 The Hippocratic Oath and the pre-modern regulatory era 

In antiquity, the Hippocratic Oath (5th-3rd centuries BC) provided the fundamental ethical 

framework for medicine, which - albeit with additions - still forms the basis of the modern 

medical oath today. In addition to respect for human life and the patient, and beyond the 

principle of ‘Do no harm’, it emphasises the importance of medical confidentiality; however, 

whilst the protection of patients was considered more a moral duty of the doctor, research was 

subject to few legal regulations. 

2.2.2 Early beginnings and the first principles 

The roots of clinical research go back surprisingly far in history. The first known, documented 

clinical observation dates from around 500 BC, when the military commander Nebuchadnezzar 

investigated the relationship between a special diet and health status in two groups. His men 

were provided with meat and wine, but some at the royal court refused this, consuming legumes 

and water exclusively during this period. A reference to vegetarianism is also mentioned in the 

Bible, in the Book of Daniel (Szent Biblia, n.d.). This was the first recorded ‘open-label, 

uncontrolled’ experiment, in which both the investigator and the participants knew which of 

the interventions was being applied to the subject.  In this case, two study groups were observed 
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without the involvement of a control group maintaining normal dietary habits (Collier, 2009; 

Nair, 2019). 

In 1025, Avicenna made a significant contribution to laying the methodological foundations in 

his encyclopaedia, The Canon, regarded as a seminal work of European medicine. He 

formulated principles that reflect the contemporary approach to clinical trials today: 

comparative studies of two contrasting types of cases, analysis of duration of effect, and 

examination of the reproducibility of the effects of active substances and treatments (Bhatt, 

2010; Bull, 1951). 

2.2.3 The development of modern clinical trials 

The first clinical trial in the classical sense was conducted by Ambroise Paré, a surgeon serving 

on the front line, in 1537. Later, Paré - referred to as the father of modern surgery - found 

himself running out of the oil he used for wound treatment, so, for lack of a better alternative, 

he developed his own mixture and applied it to some of the wounded (Bhatt, 2010; Twyman, 

2004). 

To his surprise, he found that the recovery rate of patients treated with his mixture was far 

superior to that of those receiving conventional treatment. Paré’s innovation, a mixture of 

turpentine with antiseptic properties, offered a far more effective method than standard 

treatment (Collier, 2009; SciencePharma, n.d.). His observations gave rise to the idea of 

improving care through experimentation. Although by chance and unexpectedly, Paré thereby 

laid the foundations for the clinical trial model (ClinicalConnection, n.d.). 

James Lind’s 1747 study of scurvy was already a thoroughly planned and documented modern 

clinical trial. Under controlled conditions, he examined six groups receiving different 

treatments, comparing the effectiveness of citrus fruits with other remedies used (Dodgson, 

2006). 

He published the results of the treatment of the sick sailors, thereby laying the foundations of 

evidence-based medicine. Following his findings, the British Navy prescribed lime juice as a 

mandatory dietary supplement for seafarers, replacing lemons and oranges, which were very 

expensive at the time.  Following the start date of Lind’s study, 20 May was designated as 

International Clinical Trials Day (Chalmers et al., 2008; Collier, 2009). 
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2.2.4 The development of placebo use 

Another century passed before the first known clinical use of the placebo. This occurred in 

1863, when Austin Flint conducted a trial with patients suffering from rheumatic fever and 

compared the results of standard treatment with those of the placebo. Flint discovered that there 

was no difference in the natural course of the disease between active treatment and the placebo, 

suggesting that symptoms subsided naturally over time rather than as a result of conventional 

drug treatment (Collier, 2009). This marked a significant shift in medicine towards the objective 

evaluation of active treatments. The use of control groups and placebos enabled researchers to 

compare treatments. Their importance is underscored by their continued role as cornerstones of 

clinical trials.  

2.2.5 Double-blind method and randomisation 

History has played an extremely significant role in the development of ethical standards for 

clinical trials. The ethical framework was not established in a predetermined manner, but was 

often shaped by serious historical abuses, tragedies and social experiences, which highlighted 

the importance of human rights and trust in participation. 

The sulphate tragedy of 1937 was a decisive turning point in the field of drug safety.  Hundreds 

of manufacturers produced tens of thousands of tonnes of various sulphonamide drugs without 

supervision. When an improperly prepared sulphonamide preparation caused 107 deaths, 

mandatory toxicological testing was introduced. Subsequently, the Federal Food, Drug, and 

Cosmetic Act, passed in 1938, established the requirements for new medicines prior to their 

safe release onto the market (Wax, 1995). 

Scientific methods developed following the Industrial Revolution. Following observations 

conducted under controlled conditions, trials involving control groups emerged in the 20th 

century. In these trials, the investigator compares the results with those of a control group 

receiving standard treatment, a placebo (without active ingredients), or no treatment at all (Nair, 

2019). Later, double-blind trials (where neither the patient nor the doctor knows who is 

receiving which treatment) emerged, and finally randomised trials (where patients are randomly 

assigned to groups) (D’Arcy Hart, 1999; Hariton & Locascio, 2018). These methods allow the 

efficacy of treatments to be demonstrated objectively. The first double-blind trials began in the 

1940s (e.g. the patulin test on patients with the common cold) (D’Arcy Hart, 1999), and in 

1946, the randomised controlled trial of streptomycin for the treatment of tuberculosis became 
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the ‘gold standard’ (Bhatt, 2010). There was an acute shortage of this promising antibiotic, so 

to manage the limited supply of streptomycin, participants were randomly assigned to control 

and treatment groups. Furthermore, randomisation eliminated the frequently observed bias 

whereby clinicians placed healthier patients in the experimental group and sicker patients in the 

control group (British Medical Journal, 1948; D’Arcy Hart, 1999). 

2.3 Changes in the regulatory environment surrounding clinical 

trials 

2.3.1 The emergence of international ethical standards 

2.3.1.1 The Nuremberg Code 

The 1947 Nuremberg Code was the first international guideline on the ethics of medical 

research involving human subjects (Ananthakrishnan & Shanthi, 2012). During the Nuremberg 

trials, which were initiated due to the inhumane experiments carried out by Nazi doctors on 

concentration camp prisoners, the need for ethical regulation of medical research became clear. 

This led to the creation of the first official and internationally accepted document setting out 

the fundamental ethical principles of medical research involving human participants. 

The document set out ten fundamental requirements aimed at protecting human subjects during 

clinical trials. Particular emphasis was placed on adequate information and voluntary consent, 

which have remained essential conditions for participation in any research ever since. Further 

principles include that the expected benefits of the research must be proportionate to the risks 

involved, that trials may only be conducted by suitably qualified doctors, and that participants 

must be guaranteed the option to withdraw from the research at any time (British Medical 

Journal, 1996). 

2.3.1.2 The Tuskegee Study 

The Nuremberg Code succeeded in establishing widespread acceptance of ethical research, but 

some researchers continued to violate it. The hallmark of unethical research practices is the 

‘Tuskegee Study of Untreated Syphilis in Black Men’, which began in 1932 (Resnik, n.d.) and 

continued for forty years without regard for the standards established at Nuremberg. This 

blatant disregard for human life in the name of science consequently led to the death and 

infection of the participants’ partners and children. The Tuskegee study serves as a stark 
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example of the indispensability of protecting research subjects and serves as a reminder that 

humanity must always be placed above science (Sparks, 2002). This tragic event contributed 

significantly to the further strengthening of regulatory frameworks (World Medical 

Association, 2024). 

2.3.1.3 The thalidomide disaster 

The thalidomide tragedy of the late 1950s also had a major impact on the development of the 

regulatory framework. The drug, known as Contergan, which had a sedative effect and 

alleviated nausea, was prescribed by doctors to pregnant women; its use often led to 

miscarriage, but caused approximately 10,000 cases of severe organ malformations, limb 

shortening or absence worldwide. The disaster was caused by the fact that, in addition to 

inadequate testing, the product was brought to market without a clear understanding of the 

molecule’s exact mechanism of action (it was not marketed in Hungary). It was withdrawn from 

the market worldwide in 1961, but today, following rigorous clinical trials, it is used as an anti-

cancer drug precisely because of its anti-angiogenic effect. The Thalidomide disaster led to 

mandatory testing of the effects of medicines on foetal development (teratogenicity) and laid 

the foundations for pharmacovigilance. In the wake of the tragedy, the Kefauver-Harris 

Amendments were passed in 1962, mandating that the US Food and Drug Administration 

(FDA) assess the safety and efficacy of all new medicines prior to their marketing (Otte et al., 

2005). This tragic incident highlighted the indispensability of drug safety protocols and the 

need for adverse reaction reporting, as well as for long-term, continuous drug surveillance. 

2.3.1.4 Declaration of Helsinki 

The Declaration of Helsinki was adopted in 1964 under the auspices of the World Health 

Organization (WHO) and has since been amended on several occasions, most recently in 2024. 

The document is considered a significant milestone in the development of medical research 

ethics, as it introduced a number of new principles for the regulation of research involving 

human participants. One of the Declaration’s fundamental innovations is that it clearly places 

the responsibility for protecting the health and well-being of research participants on doctors. 

It also regulates in detail the process of informed consent, the application of research ethics 

principles, transparency requirements, and methods of risk management. The document also 

addresses the ethical implications of the use of anonymously collected data and biological 

samples, thereby ensuring the protection of participants’ rights and personal data (Bhatt, 2010; 

World Medical Association, 2024). 
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In 1966, the International Covenant on Civil and Political Rights (ICCPR) explicitly stated: ‘No 

one shall be subjected to torture or to cruel, inhuman or degrading treatment or punishment. In 

particular, no one shall be subjected to medical or scientific experimentation without their 

consent (Council of Europe, 2023). 

2.3.1.5 Belmont Report 

To reinforce existing regulations and national laws on the ethics of human research, the 

Belmont Report was produced in the USA in 1979 following the conclusion of the Tuskegee 

experiment. It established three fundamental principles: respect for research participants (self-

determination, protection), beneficence (maximum benefit, minimum harm) and justice (equal 

access, distributive principles) (U.S. Department of Health, Education, and Welfare, 1979). 

2.3.2 Modern regulatory framework 

2.3.2.1 Good Clinical Practice 

In 1982, the WHO and the Council for International Organisations of Medical Sciences 

(CIOMS) published the document entitled ‘International Guidelines for Biomedical Research 

Involving Human Subjects’. This document was published to assist developing countries in 

applying the principles of the Declaration of Helsinki and the Nuremberg Code. Numerous 

organisations and committees worldwide have issued various documents and guidelines on the 

same subject. Therefore, in an effort to resolve international discrepancies, the International 

Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human Use 

(ICH) published the international professional guideline on Good Clinical Practice (Directive 

2005/28/EC, 2005), which has become the universal standard for the ethical conduct of clinical 

trials in humans, establishing the foundations for global quality assurance. The GCP guidelines 

now standardise the rules governing the conduct of pharmaceutical research at an international 

level from EU to the US and Japan. 

These guidelines were approved on 17 July 1996 and introduced into clinical trials from 17 

January 1997. Representatives from the European Union, Japan and the United States, as well 

as Australia, Canada, the Nordic countries and the WHO, participated in the development of 

the guidelines. The ICH-GCP guidelines have become a harmonised standard that protects the 

rights, safety and well-being of human subjects, minimises exposure to investigational 

medicinal products, and improves data quality. Compliance with this standard provides public 
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assurance that the rights, safety and well-being of trial subjects are protected and in line with 

the principles of the Declaration of Helsinki, and that clinical trial data are reliable. The ICH-

GCP guidelines are therefore regarded as the ‘Bible’ of clinical trials and have become globally 

accepted. It should be noted that the ICH-GCP guidelines are constantly evolving. Since 2016, 

the year the ICH GCP E6(R2) guideline was finalised, the clinical research sector has faced 

technological advancements, which have led to increasing complexity in trials and global 

challenges. Consequently, in May 2023, the ICH prepared a draft guidance document for the 

industry titled “ICH E6 (R3) Guidelines on Good Clinical Practice (GCP)’ for the industry to 

address the growing gaps between existing regulations and real-world processes, such as the 

increasing diversity of trial types and data sources, and the resulting new types of quality 

concerns. Following a multi-stage consultation process, the new structure finally came into 

force on 23 July 2025 (European Medicines Agency, 2025). 

2.3.2.2 The evolution of the European Union’s regulatory framework 

The development of ethical standards for clinical trials has often been shaped by serious 

historical abuses, tragedies and social experiences, typically giving rise to increasingly robust 

and detailed regulations and new guiding principles. 

These realisations have highlighted the importance of human rights and trust in participation. 

History has continually steered medical research towards a direction that is legally protected, 

transparent, participatory, fair and safe, shaping the regulatory environment that responds to 

current global issues to this day. Worldwide, Good Clinical Practice, the Declaration of 

Helsinki, and local legal provisions - e.g. FDA and EMA guidelines - form the basis of 

regulation. However, due to globalisation, the system that had operated until the 2000s became 

increasingly unsustainable. Phase III trials typically required a multinational trial design to 

ensure that their large and robust results would be considered sufficiently conclusive by the 

regulatory authorities. The key stages of clinical trials - from trial design through regulatory 

submission, the approval process, and on to trial implementation and subsequent regulatory 

assessment - are, however, processes requiring several months or years (or even decades, if we 

consider the entire timeline of drug development). From the pharmaceutical industry’s 

perspective, the date of market entry is crucial, as the drug generates no revenue until then, and 

if a single competitor beats the company to market by even a single day, the product can no 

longer be considered an originator product. 

https://www.ema.europa.eu/en/documents/scientific-guideline/ich-guideline-good-clinical-practice-e6r2-step-5_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/draft-ich-e6-r3-guideline-good-clinical-practice-gcp-step-2b_en.pdf
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In addition to increasing efficiency in the pharmaceutical industry and improving the quality of 

research, the time factor is also crucial from the perspective of patients awaiting treatment, 

because the sooner the therapeutic product goes through the necessary steps to obtain regulatory 

approval, the sooner patients can access evidence-based, effective treatment. Advances in 

R&D&I processes are leading the industry into ever-new therapeutic areas and, thanks to the 

achievements of modern technology, are offering cures for problems that were previously 

unsolvable. Examples include rare diseases, which, due to their low incidence within a given 

region, often require clinical trials spanning continents. The development of the global 

pharmaceutical market has therefore led to the harmonisation of international clinical trial 

regulations. 

The following section presents in greater detail the evolution of the regulatory environment 

surrounding clinical trials over the past 20 years. It illustrates the extent to which regulatory 

authorities must respond to changes affecting such dynamically evolving fields of science 

within the most knowledge-intensive and innovative sector of the manufacturing industry. It 

also provides insight into the system that exerts dual pressure on the pharmaceutical research 

and development process, which traditionally takes 10-15 years. 

2.3.2.3 Clinical Trials Directive 

Until the early 2000s, the regulation of clinical trials involving medicinal products for human 

use in the European Union was not uniform, as Member States applied different national 

regulatory frameworks. This lack of harmonisation caused numerous operational and 

administrative difficulties, particularly in the case of clinical trials involving several countries. 

The entry into force of EU Directive 2001/20/EC on 1 May 2004 marked a step forward. The 

Directive focused on the uniform introduction of GCP across the EU, which is a fundamental 

prerequisite for the scientific reliability of trials and the protection of participants (Clinical 

Trials Directive 2001/20/EC, 2001). However, implementation of the directive continued to 

vary, as Member States had to transpose it into their own legal systems, which differed in 

several respects, sometimes even from country to country. Divergent interpretations and 

bureaucratic obstacles continued to slow down the authorisation and conduct of trials. These 

shortcomings, combined with the industry’s low success rate, rising costs and protracted 

regulatory procedures, led to a decline in the number of clinical trials. According to a 2013 

report by the European Medicines Agency (EMA), there was a 25% decline in the number of 

new trial applications between 2007 and 2011 compared to the preceding period (Clinical Trials 
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Directive 2001/20/EC, 2001; European Commission, 2012; European Medicines Agency, 

2013). 

 

4 Clinical trials submitted for authorisation (2020-2025) 

Source: https://ogyei.gov.hu/statisztikai_adatok 

As a result of this trend, a broad-based professional initiative was launched in 2011 to urge a 

review of the Clinical Trials Directive. The proposals set out in a public petition in 2011 focused 

on simplifying authorisation and administrative processes, harmonising regulatory 

requirements, and issuing guidelines that could encourage the conduct of large-scale, 

multinational research at a systemic level (Mayor, 2011). The latter are of particular importance 

not only in facilitating the development of new therapies but also from a health economics 

perspective, as the simultaneous processing of databases collected from a wider population can 

lead to faster and scientifically more reliable results. Among the advantages of trials running 

simultaneously across multiple countries is that, thanks to this synchronisation, the research 

process can be shortened by as many as several years, thereby reducing overall costs. 

Furthermore, following the continuous evaluation of interim data, modifications to the trial 

design can be requested as necessary, which also saves time and money. According to the call 

for proposals, the situation at the time complicated the lengthy authorisation procedure for 

trials, as authorisation had to be sought separately from the relevant national authorities, based 

on slightly differing regulations. A harmonised, single-window submission system would 

https://ogyei.gov.hu/statisztikai_adatok


 

   

 

36 

reduce research risk, which would act as an incentive for pharmaceutical companies and is 

likely to increase the number of clinical trials initiated; indeed, they might even undertake 

higher-risk research. In addition to supporting scientific progress, this would also improve 

savings rates. 

2.3.2.4 Clinical trials regulation 

Based on reports regularly produced by the European Commission and stakeholder feedback, 

Regulation (EU) No 536/2014 of the European Parliament and of the Council (Clinical Trials 

Regulation, CTR) was introduced on 31 January 2022, simultaneously repealing the previous 

directive. The eight-year period between the drafting and implementation of the Regulation was 

a lengthy process due to the development and launch of the EU portal and database for recording 

trials. As this is not a directive, the Regulation is directly applicable in all Member States in a 

uniform manner, thereby avoiding differences in interpretation arising from transposition into 

national law (European Commission, n.d.-a). 

The Regulation has established a legal framework to fill a gap in the regulatory environment 

for clinical trials involving human subjects, with three strategic pillars: harmonisation, 

transparency, and the strengthening of the protection of trial subjects. The most significant 

institutional innovation of the new regulation is the Clinical Trial Information System (CTIS), 

which provides a single electronic portal for the notification, assessment and monitoring of 

trials, thereby placing cross-border cooperation on a new footing. From 2023, all newly 

submitted trial applications must be processed exclusively through this system, and from 2025, 

trials currently running under the previous system must also be transferred to the CTIS 

(European Commission, n.d.-a; European Medicines Agency, n.d.). This time, efforts to support 

full harmonisation and standardised processes covering all Member States have been 

established, ranging from the submission of clinical trials for approval right through to the 

evaluation process, which has emerged as the primary and indispensable criterion for 

conducting multinational trials. In addition, the launch of the aforementioned common EU 

portal and database facilitates transparent communication between Member States regarding 

clinical trials accepted by the authorities. To further promote multinational trials, the operation 

of the CTIS significantly reduces the administrative burden on both sponsors and authorities, 

enables the uniform and real-time processing of all Member State submissions, and makes 

relevant information transparent for researchers, healthcare organisations and decision-makers. 

In addition to knowledge sharing, scientific transparency serves to provide a higher level of 
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information not only to sponsors but also to patients and healthcare professionals, further 

increasing the willingness to participate voluntarily, and ultimately thereby supporting the 

advancement of science.  

To elaborate, this means that all trial applications submitted to EU Member States, as well as 

access to trial data, are provided through a single channel. It also aims to enhance patients’ 

willingness to participate and their commitment through transparency and widespread 

information, which is provided by the freely accessible open-access information platform on 

the euclinicaltrials.eu website. In addition to the approval process, the Regulation also covers 

the patient safety reporting pathway. Clinical trial sponsors are obliged to collect patient safety 

information and report adverse events during the trial; unlike previous practice, these no longer 

need to be reported separately to the authorities of the countries concerned, but must be 

submitted via the CTIS system. This step is also in line with the aim of increasing transparency 

and simplifying administration. 

The CTIS harmonises the submission process within the EU/EEA, the evaluation of the trial 

dossier and the supervision required during the conduct of the trial, whilst also providing insight 

into the results of both ongoing and previous clinical trials. Transparency is further enhanced 

by the fact that it serves as a reliable source even at the trial planning stage, as the database can 

be used to find out when and where trials similar to the planned one have been conducted. The 

role of the CTIS is to further develop the requirements set out in the 2001 legislation, placing 

even greater emphasis on ensuring the ethical compliance of trials and the reliability of data 

derived from them. One of its tools is to make registered trials uniformly accessible to all 

Member States, thereby supporting collective regulatory decision-making and facilitating the 

launch of multinational trials. Trials run in parallel across several countries generate more data 

from more participants within a given timeframe, which may also come from a larger 

geographical area; consequently, their evaluation yields a more comprehensive result, 

particularly when investigating a rare condition, as opposed to the (partial) results of trials 

involving several smaller and/or fewer countries. It is clear that this approach plays a 

particularly important role in addressing unmet needs, rare diseases and public health crises.  

2.3.2.5 Areas for improvement in the CTR 

In addition to the expected benefits of the CTR, the risks involved have also been assessed. The 

actual functioning of ethics committees was also weighed up in several articles. Criticism has 
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been voiced in the literature regarding the practice of freely choosing the reporting Member 

State, as this could lead to varying degrees of rigour in assessment and ethical oversight (Mayor, 

2011). As an alternative solution, it has been proposed that the evaluation of the study be carried 

out by the ethics committee of the reporting Member State, thereby ensuring the consistency of 

the evaluation process and the protection of participants’ rights. It is worth noting that research 

may be ethically objectionable despite a favourable risk-benefit balance for science and society 

if the research question could be answered using a method involving less risk to the participants. 

Such research designs must be assessed even more rigorously than usual, particularly where 

children or legally incapacitated persons are involved, who are deemed unable to give 

independent consent. 

For the process to be conducted successfully and ethically, it is essential that the experts 

involved in the assessment have sufficient time to carry out detailed analyses and, where 

necessary, to consult additional specialist expertise (Gefenas et al., 2017; Westra et al., 2014). 

In summary, it can be concluded that the importance of the time factor and a detailed, thorough 

evaluation process has increased following the modernisation of regulations, which is intended 

to promote higher standards of quality and ethics in clinical trials. 

The EMA publishes the results of authorisation processes and future development directions on 

a quarterly basis (European Medicines Agency, 2026), on the basis of which it defines its 

strategy and specific action plans. According to its key performane indicator (KPI)-based 

reports, the number of multinational trials has increased since the introduction of the CTR: by 

April 2023, it had risen by 33% to 230, and according to CTIS data, these trials involve an 

average of six Member States. Although EFPIA’s figures at the end of 2022 mentioned a 38% 

increase, this figure is still low. According to the report, this means that 60,000 fewer patients 

are able to participate in clinical trials within the EEA, meaning that a large number of people 

living in Europe are missing out on the opportunity to access the latest therapies (EFPIA, 2022). 
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5 Drivers and benefits of regulatory standardisation 

Source: own compilation 

In addition to the CTR and CTIS systems, further supporting initiatives have been launched to 

further fine-tune regulatory reform. 

2.4 COVID-19 and its impact on the digital revolution 

The COVID-19 pandemic has definitively highlighted the importance of multinational clinical 

trials. The pandemic acted as a catalyst for the digital transformation of pharmaceutical 

processes and the spread of DHTs. This change has led to the integration of remote solutions 

into daily practice, but due to the extensive overhaul of the regulatory environment, there are 

still areas that need to be developed, such as the electronic signature process. 

2.4.1 Decentralised clinical trial model 

By definition, decentralised clinical trials utilise DHTs and remote procedures that enable some 

or all of the trial activities to take place outside traditional trial sites (telemedicine, electronic 

informed consent (eConsent)/electronic patient reported outcome (ePRO), wearable devices, 
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home logistics, local laboratories, etc.). The aim is to reduce the burden on patients, increase 

accessibility and participation, achieve potential cost savings, and improve representativeness.  

One of the most important models of this paradigm shift is the decentralised clinical trial, which 

- depending on the therapeutic area and trial design - facilitates participation in the trial for 

enrolled participants through fully digitalised or hybrid organisational options. Instead of the 

traditional approach based solely on on-site visits, it is now possible to conduct online 

consultations using telemedicine tools; indeed, the preparations required for the trial can even 

be delivered directly to the volunteer’s home. A further advantage is that certain examination 

procedures no longer require long-distance travel; instead, certain measurements can now be 

carried out at validated healthcare facilities closer to the volunteer’s place of residence. Thanks 

to this complex digital-infrastructural integration, logistical burdens are significantly reduced, 

whilst the continuity and data security of the examination can be guaranteed at a higher level, 

and the flexibility of the research protocol is also significantly increased. Solutions such as 

these were not brought about solely by the pandemic, but it has undoubtedly accelerated their 

integration into daily practice. 

2.4.2 The first measures of the COVID era 

The COVID-19 pandemic has posed significant challenges to healthcare systems, which has 

also led to substantial changes in the feasibility of clinical trials. The restrictions introduced in 

response to the evolving epidemiological situation, quarantine measures, and the necessary 

public health protocols - such as continuous testing, and the additional tasks and workload 

placed on healthcare professionals - have resulted in significant capacity issues across Europe. 

All this has made it necessary to organise clinical research with greater flexibility than before. 

The development of guidelines tailored to the situation became a priority; however, it is an 

essential prerequisite that none of these measures - even if temporary - should jeopardise the 

rights, safety and well-being of trial participants or the staff conducting the trials. 

The first guidance was published on 20 March 2020 (European Medicines Agency, 2020a), 

stating that the simplification measures justified by the COVID-19 pandemic remain in force 

until the guidance is withdrawn, i.e. for as long as the pandemic situation persists within the 

EU/EEA. Based on this position, both sponsors and investigators were asked to exercise 

particular caution when considering the need to initiate new clinical trials. For trials already 

underway, it was permitted to switch from in-person patient visits to consultations via telephone 
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or video conferencing, and to reduce the number of site visits to the minimum necessary. 

Furthermore, provision was made for the temporary suspension of trial activities, the temporary 

halt or slowing of patient recruitment, the extension of the planned trial duration, the 

cancellation of trial sites not yet opened, and the closure of sites already in operation. Where 

the infrastructure required to carry out the prescribed imaging, laboratory or diagnostic 

activities was not available at the site in question or at the designated institution, it became 

possible to carry out the activity in question at another authorised facility. Due to the prolonged 

nature of the pandemic, the document was updated on 4 February 2021, as a first step towards 

maintaining decentralised and digital solutions and best practices, whilst attempting to 

introduce them into everyday practice. This represented a significant step forward in the 

flexibility of the clinical trial framework, whilst strict regulatory conditions remained 

unchanged. Currently, version 5 of the document has been in force since February 2022 

(European Medicines Agency, 2022a). A scientific methodological guide was also produced to 

support the application of adaptive modification options (European Medicines Agency, 2020). 

This guidance is no longer relevant in many contexts due to the subsiding of the COVID-19 

pandemic, but unfortunately serves as a reference point in the context of the war in Ukraine. 

2.4.3 ACT EU - a strategy for the renewal of clinical trials 

At the same time as the pandemic broke out, the pharmaceutical industry underwent a paradigm 

shift. With daily news, innovative developments and the application of pioneering technologies 

in healthcare, a technological boom on a scale that was perhaps previously unimaginable has 

begun, driven by medical devices supporting AI/ML solutions.  

Recognising the need for these developments, and in connection with the application of the 

Clinical Trials Regulation on 31 January 2022, the EMA, in collaboration with the European 

Commission (EC) and the Heads of National Medicines Agencies (HMA), launched the ACT 

EU (Accelerating Clinical Trials in the EU) programme in January 2022 (European 

Commission, 2022) This initiative has formulated strategic recommendations to support 

medical research and development and to advance innovation in clinical trials, at both societal 

and scientific levels.  

The significance of this development is underlined by the fact that this is the first 

comprehensive collaboration of its kind between these three organisations, aimed at the joint 

development and modernisation of clinical trials. “The work plan is linked to the 
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recommendations of the European Medicines Regulatory Network (EMRN) strategy, as well 

as the European Commission’s European medicines strategy (European Medicines Agency & 

Heads of Medicines Agencies, 2015). The plan is based on the Clinical Trials Regulation (CTR, 

Regulation (EU) No 536/2014) and activities aimed at supporting clinical trials.” 

In August 2022, the EMA, the EC and the HMA published a multi-annual work plan setting 

out development priorities across ten strategic areas for the period 2022-2026. Among these, 

priority is given to strengthening dialogue among stakeholders, modernising Good Clinical 

Practice (GCP), developing and disseminating new EU guidance documents, and supporting 

innovative and decentralised trial methods through methodological guidelines (European 

Commission et al., 2022). 

The ten priority actions of the ACT EU’s multi-annual strategic programme aim to establish a 

unified regulatory approach at the European level, within the framework of which the 

coordinated provision of scientific advice has been renewed. Experience in previous years has 

shown that requirements between the European Medicines Agency and the national authorities 

of Member States could differ, leading to slowness and fragmentation in regulatory processes. 

The new strategy therefore aims to streamline the entire regulatory chain and harmonise 

procedures and requirements. 

Harmonisation extends to various levels: from the planning and authorisation process for 

clinical trials, through the standardisation of patient safety monitoring mechanisms, to the 

broader analysis of scientific data from clinical trials - encompassing multiple countries and 

data sources. This complex data analysis approach can make a substantial contribution to 

underpinning evidence-based policy and funding decisions. At the same time, the diverse and 

increasingly multifaceted data sources give rise to significant biostatistical and data integration 

challenges, which are being addressed through the development of relevant methodological 

tools and guidelines (European Medicines Agency, 2025). The development of the GCP 

framework has also been necessitated by the increasingly complex, digital and hybrid types of 

clinical trials, as well as the rise of new technological solutions, which are transforming not 

only data collection but also the way participants are engaged. The digital collection of data 

also raises new, extended data security requirements. 

Systematic monitoring of the process is essential for the comprehensive and effective 

implementation of the CTR, for which specific metrics and performance indicators have been 

about:blank
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defined. The regulation encourages an increase in the proportion of academically sponsored 

trials - these currently account for around 40% of clinical trials in the EU, which typically cover 

fewer countries than larger-scale, industry-sponsored research. A key strategic element is the 

launch of a comprehensive communication and awareness-raising campaign targeting all 

stakeholder groups - regulatory and scientific experts, funders and healthcare providers. 

A further priority is the development of practical and methodological guides, with particular 

regard to innovative AI/ML-based, complex or decentralised clinical trials, as well as the EU 

regulation on IVDR (In Vitro Diagnostic Regulation) (Regulation (EU) 2017/745, 2017) and 

the CTR interface. These development priorities aim to strengthen links between scientific 

advisory forums, support an innovative clinical trial environment, and facilitate the transfer of 

regulatory and methodological knowledge within the European Union. It also aims to ensure 

that the region once again becomes a competitive alternative for conducting clinical trials by 

providing more favorable conditions (PharmaOnline, 2024). 

The work plan for the necessary changes, reinforced by the pandemic, was updated in 

November 2023, and the second version was published (European Commission et al., 2023). 

The current version, number three, published in December 2024, is the one currently in force 

(European Commission et al., 2024). 

2.4.4 A new era and digital innovation - responding to the needs of the 21st 

century 

One of the key outcomes of the ACT EU programme was the publication, at the end of 2022, 

of a methodological guide on decentralised clinical trial procedures, which supported the 

introduction of the new operating model (European Commission, 2022). The COVID-19 period 

significantly facilitated the everyday use of numerous digital solutions-some of which had been 

developed earlier but were less widespread-which, as a result of the emergency, became 

integrated into the set of best practices forming the standard for the organisation of clinical 

trials. The document was subsequently updated in October 2025 (European Commission, 

2025b). 

The aim of these measures is for decentralised elements to be applied during clinical trials 

according to specific needs (e.g. therapeutic area, patient population) and to form part of a 

toolkit that increases flexibility: the use of a hybrid model may be an obvious option on a scale 
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between fully decentralised and fully in-person trials. A fully decentralised approach may pose 

difficulties for patients who are less tech-savvy and who require a face-to-face meeting with a 

doctor - the latter consideration may be relevant not only to patients but also to healthcare 

providers (for further details, see Chapter 2.6). Incorporating participants’ experiences and 

preferences into the development of protocols is essential, as patient adherence directly 

influences the effectiveness and evaluability of clinical trials. In October 2022, speaking on 

behalf of investigators at the ACT EU multi-stakeholder forum, Dr Filippo Pieralli emphasised 

that the views of patients and doctors must be taken into account when developing 

methodological elements, and that the success of implementation can only be ensured if these 

principles are upheld (European Medicines Agency, 2022c). 

 

6 Timeline of the European Union’s regulatory framework for clinical trials 

Source: own compilation 

2.4.4.1 The rise of innovative clinical trials 

In addition to decentralised elements, the EMA, the European Council and the HMA published 

guidance on complex clinical trials (European Medicines Agency, 2022b) in May 2022 as part 

of the ACT EU initiative, thereby supporting the further development of innovative clinical 

research on yet another front (European Commission, n.d.-b). 

In recent years, this type of trial approach has been adopted with increasing frequency. The 

COVID-19 pandemic that broke out in 2020 unquestionably highlighted the need to rethink the 

methodology for generating evidence, alongside flexible trial designs. These types of clinical 
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trials enable patients to access innovative therapies much more quickly, which was particularly 

urgent during the pandemic or for those suffering from rare diseases. Thanks to the novel 

structure of this innovative methodology - such as the master protocol and sub-protocols 

containing specific details - it enables the parallel testing of multiple treatments and 

investigational products, and in multiple patient groups simultaneously. In many cases, the 

flexible framework allows for trials with a larger number of enrolled patients, and it is possible 

to modify the sub-protocols even during the trial if interim data indicate a need to do so. In light 

of the large volume of data, regulatory decision-making can also be more efficient and faster, 

which is of crucial importance during the authorisation process for a new medicine or 

therapeutic option. 

 

2 Comparative table of the European Union’s regulatory framework for clinical trials 

Source: own compilation 

Point 
Directive 

2001/20/EC 
CTR (536/2014/EU) ACT EU Recommendation 

Type of 

legislation 

Directive (to be 

transposed into 

national law) 

Regulation (directly 

applicable) 

Strategic initiative, non-

legislative 

Objective 
Harmonisation, 

ensuring GCP 

Full harmonisation, 

transparency, rapid 

authorisation 

Accelerating clinical research and 

increasing competitiveness 

Authorisation 

At Member State 

level, differing 

procedures 

Uniform EU procedure 

via the CTIS portal 

Support for CTR implementation, 

process optimisation 

Transparency 
Limited, EMA 

database 

Full public access in 

CTIS 

Strengthening data sharing and 

transparency 

Role of the Ethics 

Committee 

At national level, 

varying practices 

Integrated assessment 

(Part II national, Part I 

common) 

Modernisation of ethical 

processes 

Shortcomings / 

focus 

Slow, bureaucratic, 

differences between 

Member States 

Efficiency, digitalisation, 

patient safety 

Innovation, training, support for 

non-commercial sponsors 

Timeframe 
2004-2022 (transition 

to CTR) 

Full implementation from 

2022 (exclusive from 

2025) 

Continuous development from 

2022, work plans until 2030 
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2.4.5  Continuous development - new challenges 

Digital data recording, artificial intelligence, social media-based recruitment and real-time 

patient monitoring raise new ethical questions. Large data and human sample collections enable 

the development of new research strategies and models, as well as new types of predictive 

research and analysis. The use of big data and information technology is already transforming 

many aspects of research. The potential for inherent in such databases is enormous, but it may 

also harbour risks. Informing participants about data management is the cornerstone of their 

safe scientific applicability (Nurmsoo & Hayes, 2015). An analysis of existing scenarios 

regarding the use (and misuse) of health data and biobanks has shown that the main risk 

scenarios do not necessarily stem from science, but from the commercial, administrative or 

political use of such data (Gallese, 2024). Thus, since 2016, the Taipei Declaration (World 

Medical Association, 2016) on ethical considerations regarding health databases and biobanks 

has supplemented the Declaration of Helsinki. This policy applies to any use of health databases 

and biobanks, except for individual treatment, and is not limited to research. 

Clinical trials involving human subjects have gradually become indispensable to scientific and 

social progress. However, the shameful episodes of our history, amongst other things, have 

made it clear that only a strict professional and legal framework can guarantee this progress. 

This entailed not only scientific requirements for trials, but also the development of an 

appreciation of the risks borne by trial participants and the establishment of humane limits. The 

ethical and regulatory framework for clinical trials draws on the traditions of medical ethics 

(See: Figure 3: The evolution of clinical trials presented on a timeline, with major ethical and 

regulatory milestones from 500 BCE to the present day), and has developed towards holistic 

legal, ethical and institutional protection systems. Modern international and national legislation 

is continually updated in light of new technological and societal challenges. 

The regulatory environment is constantly evolving as new disciplines and technologies become 

part of drug development. This evolution, spanning more than two thousand years, shows that 

clinical trials have always stood at the intersection of scientific rigour, ethical responsibility and 

technological innovation - and this triad will continue to guide them in the future. The future of 

clinical trials points towards a patient-centred, digitally supported and globally harmonised 

approach. Whilst integrating new technologies - artificial intelligence, wearable devices, big 

data - they will preserve the ethical and scientific standards developed over the centuries. 
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The 1947 Nuremberg Code, the 1964 Declaration of Helsinki and subsequent international 

guidelines (e.g. GCP) have defined the protection of human subjects, informed consent, safety, 

as well as researchers’ responsibilities and data protection. These are essential for respecting 

patients’ rights. The development of clinical trials has led from primitive comparative 

experiments to modern trials governed by extremely strict, standardised and ethical standards. 

This development has involved scientific rigour, the protection of patients and respect for their 

rights, as well as ongoing methodological and regulatory renewal to this day. 

The ethical and regulatory frameworks of clinical trials have undergone significant 

transformation over the centuries. This development has occurred in response to crises and 

abuses, as well as through the scientific community’s self-reflection, leading to a system today 

that is strictly protected and regulated. 

Authorities, ethics committees and review bodies have been established, which continue to this 

day to approve and monitor clinical trials and drug candidates. The regulatory and ethical 

environment is regularly updated and further developed as new scientific disciplines and 

technologies become part of drug development. 

2.4.6  Data protection rules 

One of the fundamental challenges in the approach to DCTs is the systematic consolidation and 

management of large volumes of data, as well as ensuring data security and strict compliance 

with relevant legislation, in particular the General Data Protection Regulation (GDPR). As 

health data is sensitive in nature, it requires particular attention in all aspects of electronic data 

management, including the use of electronic signatures, digitally stored documents, and the 

appropriate protection and handling of personal addresses provided in connection with the 

home delivery of investigational medicinal products. Data quality, comparability and the 

acceptability of results are all common expectations on the part of both researchers and 

regulatory authorities, whilst the primary consideration is to ensure the maximum protection of 

patients’ rights, safety and well-being. 

The dynamic evolution of the regulatory framework governing clinical trials is also influenced 

by the current state of technological maturity. 

Since 2018, the GDPR has regulated the disclosure of personal data, including special 

categories of data, and thus the processing of health data, with effect across all EU Member 
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States (Regulation (EU) 2016/679, 2016). The processing of European health data is protected 

by a further specific framework. The European Health Data Space (EHDS) is a unified legal 

and technical framework “aimed at ensuring the harmonised and secure interoperability of 

health data, strengthening patients’ digital access rights, and regulating the secondary use of 

data - for research or innovation” (Regulation (EU) 2025/327, 2025). Thanks to the regulation, 

interoperable data flow between different health databases is ensured, whilst also providing 

broad access not only to patients but also to researchers for scientific and innovation purposes. 

The framework supports the secondary use of existing data in anonymised or pseudonymised 

form, which can even replace clinical trials thanks to the generation of RWD/RWE. 

 Following the entry into force of the regulation on 26 March 2025, a phased implementation 

period will begin, setting out obligations for EU Member States until 2035. 

2.5  Reform of traditional clinical trials 

In the previous chapters, I outlined the evolutionary process of clinical trials and, in parallel, 

the changes in the regulatory environment affecting trials. I touched upon the changes in social 

and consumer habits associated with the COVID-19 period, and we also gained an insight into 

the innovative processes driven by the technological boom of the 21st century. In this chapter, 

I would like to summarise the unmet needs that have arisen in relation to traditional clinical 

trials, this time also touching upon economic considerations. It is important to emphasise that 

these factors, closely intertwined, have led to a paradigm shift in clinical trials. According to 

the methodology of classically structured clinical trials, face-to-face meetings take place at a 

specific site between the sponsor, the healthcare staff involved in the trial, and the enrolled 

patient. The opening of the trial site, staff training, and the review and signing of documentation 

all take place in person. The same applies to patient information, the enrolment procedure, the 

trials themselves, and all monitoring activities. The sponsor makes regular in-person visits to 

the trial site, and further meetings may be required should any issues arise. The same applies to 

the patient. The investigational medicinal product is delivered to the trial site, where the patient 

has the opportunity to collect it. As described, you can receive a new dose of the medicine and 

return any unused portions. All the points mentioned above in a traditional clinical trial require 

scheduling appointments, which can involve the inconvenience we are all familiar with - 

however, travel to the site may be prevented due to illness or other ad hoc reasons. Furthermore, 

the scheduled completion date of the trial may be delayed due to the vagaries of everyday life. 
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2.5.1 Systemic health economics and institutional factors in digital clinical 

development 

Reforming traditional clinical trial models must be considered within the broader context of 

national healthcare systems. (Orosz, 2006, 2022) highlights in her analyses that systemic 

transformations and technological advancements in healthcare are closely linked to the 

institutional capacity, resource limitations, and operational workloads of the delivery system. 

In Central and Eastern Europe, particularly in Hungary, the clinical research ecosystem heavily 

depends on public university medical centres and tertiary hospitals. Consequently, any 

operational challenges or administrative burdens within the public health infrastructure directly 

affect site feasibility, investigator availability, and patient enrolment rates. Additionally, from 

a health economics perspective, the evolution of clinical trials goes beyond traditional 

regulatory marketing approval. As (Brixner et al. 2018) and Németh et al. (2020) point out in 

the context of Health Technology Assessment (HTA) and evidence transferability, the value 

assessment of modern pharmaceuticals increasingly incorporates broader evidence beyond 

traditional regulatory approval. This includes cost-effectiveness considerations and, in relevant 

contexts, RWE (Kaló et al., 2021). 

The emergence of digitally transformed clinical trials offers a new way to capture continuous 

RWD during the early stages of the development life-cycle. This approach aligns the generation 

of trial data with the requirements of health technology assessment bodies and reimbursement 

authorities, thereby facilitating a connection between clinical efficacy and market access (Kaló 

et al., 2021). From a management perspective, it becomes clear that traditional trial reforms 

often fail when viewed merely as protocol modifications. Without addressing the macro-

institutional constraints highlighted by Orosz and aligning with the downstream HTA 

considerations emphasised by Kaló, any operational reforms will remain superficial and will 

not resolve the underlying systemic bottlenecks affecting site capacity and long-term market 

access. 

2.5.2  Changing social needs 

Paper-based document management can cause inconvenience for everyone involved. Patients 

have to bring their medical records with them, which often amount to a very thick stack of 

papers. As it passes through the hands of doctors practising at different locations, members of 

the healthcare team involved in the trial, laboratory staff performing diagnostics and nurses, it 
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gradually becomes an unmanageable and untraceable volume. By the end of a trial lasting up 

to several years and running across multiple sites, thousands of pages of documentation are 

generated. The handling of paper-based trial material requires particular care during both 

processing and archiving - GCP stipulates that all documentation relating to the clinical trial 

must be retained at the trial site for 15 years, and, in accordance with the CTR, the sponsor must 

retain it for 25 years. 

Let us not forget that, in this case, they have become carriers of personal and sensitive 

information. The processing of the data and the assessment prepared for the regulatory authority 

(dossier) may already run to tens of thousands of pages - see Figure 2: The life-cycle 

management process for cariprazine. Given the structure of multicentre and multinational 

trials, the paperless approach has undoubtedly simplified data management. Thanks to shared, 

and where applicable, interoperable databases and platforms, there is no need to print multiple 

copies of the full trial documentation. Cloud-based storage ensures continuous data collection, 

which can be accessed at any time by authorised experts. Participants’ trial results, detailed 

descriptions of adverse events experienced, and, if a measurement device is used during the 

clinical trial, the regular measurement results from that device are also available. Continuous 

access enables, for example, prompt intervention should technical difficulties arise. An alert 

configured on the data collection interface notifies the Principal Investigator (PI) if the system 

fails to detect data. This allows the investigator to contact the participant to report the problem 

encountered. Even such an automatic message can ensure the quantity and quality of evaluable 

data. In contrast, in a traditional clinical trial setting, any problem experienced by a participant 

may only come to light during a scheduled in-person monitoring visit, but this can take weeks 

or even months. During this time, no evaluable data is generated, which can easily lead to the 

trial cycle being prolonged or rendered invalid. 

As the spread of various DHTs began to take hold in everyday practice, the use of mobile 

applications and wearable devices for healthcare or to support it became increasingly 

widespread. Alongside digital transformation, the restrictions imposed by COVID-19 had a 

major impact on this process. Taking into account changing social needs and the opportunities 

created by the restrictions, a paradigm shift has taken place at breakneck speed in the field of 

clinical trials. The fast-paced nature of the modern world has made the widespread use of 

innovative technologies inevitable. Their use is convenient and improves efficiency, as they 

enable us to book appointments with our doctor from home, download the consent form from 
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the cloud, request home delivery of smart devices, and conduct monitoring visits via video call. 

We can save time and energy, as we no longer need to spend hours travelling and waiting, or, 

in the case of minors or patients in need of care, ask family members or nursing staff for help 

with these tasks. It places less of a burden on time off work, as there is no need to take a full 

day or several days’ leave, and the cost of travel and other expenses is not a barrier. In response 

to unmet needs, digitalisation, the pandemic and the changing social and consumer habits that 

accompany them have led to a paradigm shift in the field of clinical trials. 

 

7 Contributing factors to the formation of DCTs 

Source: own compilation 

2.6 The emergence of DCTs 

DCTs offer methodological innovations that hold significant potential for enhancing equity, 

particularly in terms of the inclusion of historically underrepresented populations (Rodriguez-

Chavez, 2021). The use of online recruitment can, on the one hand, result in significant cost 

savings compared to traditional recruitment methods, and on the other hand, eliminate the need 

for a medical referral, thereby lowering the entry threshold. The option to participate from home 

reduces the burden of travel, which is particularly beneficial for patients who are immobile, 

elderly or living in rural areas. Approaches based on local, community-based locations further 
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increase accessibility, as participants can make use of resources close to their own living 

environment. Solutions providing digital and remote access enable information to be conveyed 

in multiple languages and different formats, which facilitates the involvement of culturally and 

linguistically diverse populations. Furthermore, ensuring anonymity, particularly in the case of 

stigmatised conditions such as HIV infection, can create a safer and more private environment 

for participation. Finally, community engagement based on digital platforms facilitates 

connections between participants, fosters peer support and strengthens the community 

experience, which can contribute to the sustainability and quality of participation in trials (Stern 

& Trusheim, 2024). 

2.6.1 DCT trends and DHTs currently in use 

The range of technological solutions used in digital and decentralised clinical trials is extremely 

broad and includes, amongst other things, decentralised trial designs, remote monitoring, 

wearable devices, Big Data-based analyses, and the role of blockchain, artificial intelligence 

and machine learning solutions in data processing. These technologies enable the identification 

of digital biomarkers, the performance of predictive analyses, and the structured integration of 

real-world data and evidence into clinical research. In practice, this is achieved through tools 

and solutions such as wearable sensors, mobile health applications, electronic diaries, 

telemedicine services, home sampling methods, and support systems based on augmented or 

artificial intelligence, which together create new opportunities, but also present specific 

challenges during the planning and implementation of clinical trials. 

DCTs typically involve the use of cloud-based, integrated platforms which, when combined 

with mobile applications, wearable devices and telemedicine solutions, are capable of 

supporting remote data collection, patient monitoring and the automation of trial processes. 

These technologies help to reduce the number of physical site visits, increase patient 

convenience and willingness to participate, and potentially improve data quality and the 

continuity of data collection. At the same time, their use requires rigorous validation and 

regulatory compliance, particularly to ensure adherence to FDA and EMA guidelines. 

The primary aim of introducing digital solutions is to make clinical trials more patient-centred 

and to achieve a comprehensive digital transformation of operations, not merely to exploit the 

possibilities of remote delivery. As part of this, paperless processes and digitised data 

management solutions, such as ePRO or Electronic Case Report Form (eCRF), are becoming 
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increasingly prominent. At the same time, decentralised clinical trials are prioritising the 

‘siteless’ approach, whereby elements of the trial process are brought into participants’ homes, 

and the use of remote solutions becomes the central organising principle. Accordingly, it can 

be concluded that all decentralised clinical trials necessarily employ digital solutions; however, 

not all DCTs can be considered decentralised, as in the latter case, the primary focus is not 

necessarily on the separation from a physical site. 

In decentralised clinical trials, the emphasis is primarily on increasing flexibility arising from 

the decentralised structure and on the adaptability provided by technological developments. The 

widespread adoption of mobile health applications and wearable devices has significantly 

contributed to these solutions becoming commonplace in clinical research, as they enable 

continuous data collection in the home environment, as well as the active involvement and 

support of patients, for example, through gamified reminders and feedback that promote 

adherence to treatment. 

Perspective Technology Application in DCT 

Remote consent 

and engagement 

eConsent platforms with multimedia 

content, electronic signatures 

Online patient involvement, 

interactive information, version 

tracking 

Patient-reported 

outcomes 

ePRO/eCOA mobile and web apps 

with push notifications and validated 

questionnaires 

Frequent patient diary entries, 

PRO collection from home, 

electronic data capture (EDC) 

integration 

Remote 

consultations 

Telemedicine platforms (video 

consultations, chat, document 

sharing) 

Video consultations, SAE 

follow-up, appointment 

booking 

Wearable and 

home devices 

(DHTs) 

Smartwatches (activity, heart rate), 

ECG patches, continuous glucose 

monitors, blood pressure monitors 

Real-time/continuous data 

collection (e.g. step count, 

ECG, vital signs) 

Central data 

management 

systems 

Cloud-based EDC/DCT platforms, 

API integrations with EHR/RWD 

Data integration from all 

sources, centralised monitoring, 

automated quality checks 

 

Recruitment and 

retention 
Digital recruitment tools (online 

advertisements, matching apps), AI-

Targeted patient selection, 

retention via push notifications, 

virtual communities 
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powered database analysis, 

gamification apps 

Logistics and 

home sampling 

Home sampling kits, temperature-

controlled delivery systems, mobile 

laboratories 

Remote blood 

sampling/laboratory, medicine 

delivery, home care nursing 

 

3 The main categories of digital technologies currently used in DCTs 

Source: own compilation 

According to the biennial global survey conducted by the CISCRP (Center for Information and 

Study on Clinical Research Participation), an international non-profit organisation, more than 

half of the over 12,000 volunteers surveyed between April and June 2023 identified the distance 

of the trial site from their home as a key criterion for, whilst 34% of respondents also rated the 

option of home delivery of the test kit as a decisive factor. Similarly, 44% of respondents cited 

a reduction in the number of visits, whilst 28% cited the option of home-based visits as factors 

influencing their willingness to participate (Center for Information and Study on Clinical 

Research Participation, 2023). Based on the results of a study published in 2025, 49% of 

respondents rated the possibility of conducting visits from home as an influencing factor 

(Center for Information and Study on Clinical Research Participation, 2025). The flexibility of 

the trial has become an important requirement for participants to remain in the study. In the 

event of a high drop-out rate, fewer evaluable data are generated from the trial, which may even 

lead to the entire trial having to be repeated. This, in turn, consumes further costs and time. 

One of the main advantages of decentralised trials is that they overcome the recruitment 

limitations of the previous approach: this is particularly beneficial in the case of rare diseases, 

paediatric patients, or populations with special care needs and limited access; at the same time, 

the right to withdraw from the trial at any time remains a legal entitlement, with no obligation 

for the volunteer to provide any justification and without any personal disadvantage. With this 

year’s data published by the CISCRP, respondents confirm that they find the use of 

decentralised elements in clinical trials very convenient. Whilst in the traditional model all 

participants had to adapt to the trial site, the patient-centred approach of the DCT to 

participation study management and data collection - thereby reducing administrative and 

logistical burdens, improving the quality of research data and increasing the flexibility of the 

system. Reflecting on the needs that have emerged in recent years, the 2025 study has been 
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expanded to include a chapter on artificial intelligence and related data management, which 

provides detailed insight into respondents’ digital maturity, whilst also evaluating their 

perceptions regarding the protection of their health data processed by AI. 

The technological solutions provided by telemedicine today go far beyond the now classic 

remote consultation with a GP. In clinical trials, the range of digital tools is extremely wide: for 

example, trial participants can receive patient information via an online platform and even fulfil 

the requirements of the informed consent form with a digital signature. The investigational 

medicinal product (IMP) can even be delivered directly to the patient’s home, and the use of 

smart devices (such as smartwatches) or mobile applications for data collection and monitoring 

is becoming increasingly common. Data from these devices is collected in cloud-based digital 

storage, which enables continuous analysis of interim data, but technical issues can also be 

detected if the system flags missing data. 

When applying decentralised models, fundamental human rights, patient safety and the 

protection of participants’ well-being - alongside full compliance with the European and 

national regulatory environment - must be ensured, and the risk-benefit ratio is carefully 

weighed during the introduction of each decentralised element, in line with the study’s 

professional objectives and the characteristics of the participant population. Digital and remote 

data collection, monitoring and intervention processes also require new safeguards: particular 

emphasis should be placed on the technological training of research staff and participants, 

ensuring reliable data management, and developing emergency protocols, for example in the 

event of device failure or internet access problems. At the same time, we must be prepared to 

manage novel sources of error arising from the application of this new method, as remote data 

collection relies heavily on equipment and infrastructure that also require technological 

expertise. 

2.6.2 Challenges arising from DCTs 

A study (Jong et al., 2022) examined the views of regulators, as 20 European regulatory bodies 

were asked for their recommendations regarding the spread of DCTs. According to the 

authorities surveyed, the greatest concern is maintaining the standard of patient safety 

monitoring, particularly in relation to the reduction in the number of face-to-face meetings. 

They also agreed that, to ensure high-quality safety monitoring, a hybrid model - that is, the 
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combined use of on-site and remote (or even home-based) solutions-could represent the optimal 

approach during the conduct of the trial. 

The concept of DCTs combines the benefits of technological advancement and scientific 

innovation to make the research process more transparent, efficient and user-friendly for both 

patients and professionals. Whilst the traditional, site-based model strictly requires in-person 

attendance, DCT integrates a range of hybrid and digital solutions: these include, for example, 

home healthcare services based on teleconsultations or telephone consultations, or the direct 

home delivery of trial materials via a logistics chain. In addition to all this, compliance with the 

applicable GCP and GDPR regulations is essential, particularly to ensure the integrity of the 

pharmaceutical supply chain and the protection of personal data. 

Under the traditional procedure, the participant (or the legal representative of a minor or 

incapacitated person) attends their doctor’s surgery in person, where, following a detailed 

verbal briefing, they make a decision regarding participation, submit a hand-signed consent 

form, and then attend the visits and undergo the necessary examinations as specified in the trial 

protocol. Today, all of this can also be carried out digitally, supporting home-based care: 

through electronic patient information, digital signatures, and a smart device or tablet provided 

for the duration of participation in the trial, with which the participant can monitor and 

document the entire trial process, and even contact the doctor via video call. In addition to 

quality assurance, these solutions also raise new expectations regarding privacy rights and 

cybersecurity. In all cases, the protection of sensitive data must be guaranteed, and participants 

must be provided with detailed information regarding access to their data, its storage, and the 

protocol for handling any incidents that may occur during data processing (such as unauthorised 

access or data loss). Compliance with standards and regulations is an essential prerequisite for 

the successful implementation of modern, digitally supported clinical trial processes, not only 

from a legal perspective but also from an ethical and quality assurance standpoint. 

However, there were high hopes that it would help engage under-represented and marginalised 

patients by potentially providing wider geographical coverage, thereby facilitating the inclusion 

of patient groups that had previously been difficult to reach. DCTs enable more extensive data 

collection through real-time data gathering in real-world settings, which, thanks to these 

settings, provides valuable information for clinical and decision-making processes. However, 

the setup itself - particularly the reduction in face-to-face contact - presents new challenges. 
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Whilst the logistical and travel burdens on participants are reduced, regulators have highlighted 

that this may also have implications for patient safety risks. During remote consultations, 

whether conducted by telephone or via video link, the scope for medical observation is often 

more limited, meaning that certain risks, side effects, or critical events leading to exclusion may 

remain undetected. 

From the perspective of ensuring data integrity and data quality, a further challenge may be that 

DCTs rely to a greater extent on events reported by participants - including adverse events, 

device usage anomalies, and the handling of incomplete or missing data. These factors require 

particular attention both during the planning phase and when developing data management and 

quality assurance protocols, so that DCTs can truly serve the goals of innovative drug 

development in a safe and scientifically sound manner. 

However, unexpected situations may arise: a malfunction of the digital device (for example, it 

does not report in the validated manner, or not in the way or at the time specified), intermittent 

internet access, or simple hardware problems (such as a flat battery) may disrupt the process; 

therefore, a contingency plan must be submitted to the regulatory authority to address all types 

of risk. However, this requires a clear understanding of the limitations of the applicable tool or 

method, as well as knowledge of the specific characteristics of the therapeutic area and the 

competencies of the users. When applying DCT components, particular attention must be paid 

to the characteristics of the specific therapeutic area, the digital competencies of participants, 

and ensuring that the validity of the data is not compromised from a statistical perspective - that 

is, that the results do not merely reflect technically proficient or well-resourced populations. It 

is worth considering whether, from the perspective of statistical validity, decentralised elements 

may cause distortion for various reasons; conversely, can we draw general conclusions from 

the study’s results, for example, due to the exclusion of areas with limited internet access or the 

marginalisation of a less digitally advanced population? 

Type Advantages Disadvantages / challenges 

Traditional clinical trial Controlled, standardised environment 

(site) with well-established GCP 

processes. 7 

Limited geographical reach, more 

difficult recruitment and lower 

diversity.9 

 Direct, face-to-face doctor-patient 

interaction, easier physical examination 

and sampling. 7 

High infrastructure and staffing costs, 

expensive site network. 
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 A standard model well known to 

regulators and ethics committees. 8 

Slower data collection and processing: 

visit-based, non-continuous data flow. 7 

 On-site data and process control, 

simpler IT security architecture. 

High patient burden (travel, loss of 

working hours), higher risk of dropout. 

6 

Digital clinical trial Wider geographical reach, better 

representativeness and diversity, easier 

recruitment from under-represented 

populations. 4 

Inequalities in access to technology and 

digital literacy, potential selection bias. 

5 

 Less travel, flexible participation, better 

patient experience and retention. 

Ensuring data quality and adherence in a 

home setting; handling large volumes of 

sensor data. 3 

 Potential cost reductions (site, travel and 

monitoring costs), faster recruitment 

and time savings. 

More complex data protection, multiple 

jurisdictions, and the legal/ethical 

complexities of remote consent and 

oversight. 2 

 Richer, real-world and continuous 

digital data, better long-term 

monitoring. 1 

More vendors, integrated platform 

ecosystems, and a greater need for 

governance and quality management. 

1 (Wang et al., 2025)  

2 (Tenti et al., 2025) 

3 (Clemons et al., 2025)  

4 (de Jong et al., 2022) 

5 (Jean-Louis & Seixas, 2024) 

 

4 Comparison table of the most significant benefits and risks associated with traditional and 

digital clinical trials 

Source: own compilation 

From a technological perspective, data consolidation, the collection and management of large 

volumes of data, data security and ensuring compliance with GDPR requirements may present 

further challenges during the implementation of DCTs. Given that health data is classified as 

sensitive data, every step of electronic data management - such as digital signatures, 

electronically stored documents, and the handling of addresses recorded during the home 

delivery of IMPs - is also addressed in the methodological recommendations. In line with this, 

ensuring data quality, the comparability of results and metrics, and their acceptability are shared 

expectations of all parties. 

It is important to emphasise that global economic developments - such as the occasional 

vulnerability of supply chains - may also influence DCT practice, for example in terms of IMP 

delivery or technical support for digital tools. Taking into account the principles of necessity 

and proportionality, patients must be guaranteed access to the staff organising the trial in all 
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situations, whilst at the same time avoiding excessive bureaucratisation of trials and an 

unnecessary increase in administrative burdens. Overall, this supports the view that the 

decentralised trial model can serve patient-centred care, scientific quality assurance and cost-

effective research. 

2.7 Comparative innovation frameworks in digital clinical 

development 

Digital transformation in clinical development should not be understood simply as the 

replacement of site-based activities with digital tools. It also changes where innovation is 

generated, how activities and knowledge are coordinated, and which capabilities are required 

from sponsors, CROs and clinical trial sites. For this reason, the strategic implications of DCT 

adoption can be examined through complementary innovation and technology-management 

perspectives. In particular, the distinction between closed and open innovation provides a useful 

starting point for understanding changing organisational boundaries and external dependencies 

(Chesbrough, 2003; Gassmann et al., 2010). 

The closed innovation model emphasises internal control over knowledge, intellectual property 

and the innovation process, whereas open innovation relies more strongly on external 

knowledge flows, collaboration and complementary capabilities (Chesbrough, 2003; Gassmann 

et al., 2010). In digital clinical development, the growing use of specialised vendors, CROs, 

data platforms, wearable technologies and remote services increases the importance of such 

external linkages. However, this does not imply a simple transition from closed to open 

innovation. Rather, DCTs create a hybrid governance problem in which openness must be 

combined with internal oversight, regulatory accountability, data governance and control over 

critical trial activities. 

2.7.1 Tension and strategic trade-offs between closed and open models 

 The allocation of resources and the development of capabilities. A predominantly closed 

model concentrates knowledge, infrastructure and operational capabilities internally, 

while open innovation gives greater weight to external expertise and inter-

organisational coordination. For DCTs, the strategic issue is therefore not whether 

capabilities should be internal or external, but which capabilities should remain under 
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direct organisational control and which can be accessed through partners. This makes 

coordination, knowledge integration and resource orchestration important managerial 

capabilities (Gassmann et al., 2010; Teece, 2007). 

 Intellectual property and data governance. Greater external connectivity can improve 

access to specialised technologies and knowledge, but it also increases the number of 

organisational interfaces through which sensitive trial data, software dependencies and 

operational responsibilities are managed. In DCTs, therefore, open innovation must be 

accompanied by clear governance of data access, interoperability, cybersecurity, vendor 

responsibilities and regulatory compliance. Openness and control should consequently 

be treated as complementary rather than mutually exclusive principles. 

 Financial risk versus flexibility. External digital platforms may reduce the need for some 

fixed investments and can provide access to specialised capabilities without building all 

resources internally. At the same time, the financial consequences of digital adoption 

cannot be reduced to licence costs or headline efficiency gains. Integration work, vendor 

management, training, data governance, cybersecurity and dependence on specialised 

suppliers may create additional direct or indirect costs. The strategic value of a DCT 

therefore depends on the configuration of the entire operating model rather than on the 

adoption of individual technologies. 

Consequently, the strategic management of digital clinical development is best conceptualised 

as the design and governance of a hybrid innovation model. Such a model combines internal 

control of critical clinical, scientific and regulatory responsibilities with selective openness to 

external technologies, knowledge and service capabilities. This framing also creates a direct 

link to the subsequent discussion of organisational readiness and dynamic capabilities (DC) 

(Teece, 2007): successful adoption depends on the ability to integrate external innovation into 

existing routines while simultaneously redesigning those routines where necessary. 

2.7.2 Strategic management and innovation perspectives in digital health 

adoption 

Technology adoption at organisational level requires more than a favourable assessment of a 

technology itself. The Technology-organisation-Environment (TOE) framework provides a 

useful starting point because it distinguishes among technological characteristics, 

organisational conditions and the external environment as determinants of organisational 
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innovation adoption (Tornatzky & Fleischer, 1990). This is particularly relevant to DCTs, 

where adoption decisions are simultaneously shaped by the characteristics of the DHTs, 

organisational resources and capabilities, inter-organisational dependencies, and the regulatory 

and institutional environment. 

A second complementary perspective is organisational readiness for change. Weiner (2009) 

conceptualises readiness as a shared organisational state involving both commitment to change 

and collective confidence in the organisation's capacity to implement it. In healthcare, readiness 

is particularly relevant where implementation requires coordinated changes in staffing, 

workflows, communication and decision-making. Applied to DCTs, this perspective directs 

attention to whether sponsors and sites possess sufficient time, skills, resources and shared 

commitment to integrate digital processes into routine trial operations. It therefore 

complements, rather than substitutes for, technology-centred adoption models. 

DC theory adds a strategic explanation for how organisations respond to technological and 

market change. Teece (2007) describes DC through the interrelated activities of sensing 

opportunities and threats, seizing opportunities through investment and strategic choice, and 

transforming or reconfiguring organisational resources and routines. In DCT implementation, 

sensing includes recognising relevant technological and regulatory developments; seizing 

involves selecting viable digital architectures, partners and investment priorities; and 

transforming involves redesigning trial workflows, responsibilities and capabilities. The 

framework is therefore well suited to analysing why the same digital technology may generate 

different organisational outcomes across sponsors or sites. 

The relationship between DC and business model innovation further strengthens this 

interpretation. Teece (2018) argues that business models, organisational design and DC are 

interdependent, and that DC support the design and implementation of changing business 

models. In clinical development, DCT adoption can therefore be interpreted as a potential 

change in the operating and coordination logic of the trial rather than as a discrete software 

procurement decision. This interpretation is consistent with Hungarian evidence from 

technology and digital transformation research. Deutsch and Berényi (2023) emphasise 

adaptive competencies and the strategic management of technology, while Móricz et al. (2022) 

show in the Hungarian business services sector that digital transformation can be driven both 
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by existing capabilities and by organisational renewal. These studies are not clinical-trial 

studies and are therefore used here as contextual rather than DCT-specific evidence. 

The Hungarian and Central and Eastern European context also highlights that organisational 

adoption cannot be separated from the wider health-system environment. Research involving 

Zoltán Kaló and co-authors has shown that the generation, use and transferability of RWE in 

CEE depend on governance arrangements, data access and integration, methodological 

expectations, financial resources and available expertise (Kamusheva et al., 2022; Németh et 

al., 2023). More recent work led by Kaló further highlights the importance of local RWD and 

transferability when advanced evidence methods are applied in lower-income European settings 

(Kaló et al., 2026). These considerations are relevant to DCTs because digitally enabled trials 

increasingly interact with real-world data infrastructures and downstream evidence 

requirements. At the macro level, Geels' (2002, 2011) Multi-Level Perspective (MLP) 

complements these organisational theories by explaining technological transitions as 

interactions among landscape pressures, socio-technical regimes and emerging niches. Taken 

together, the frameworks used in this thesis imply that DCT adoption is conditional rather than 

linear: the effects of digital technologies depend on organisational capabilities and readiness as 

well as on trial-specific, regulatory, data-governance and evidence-generation conditions. This 

provides the theoretical rationale for the moderating factors incorporated later into the 

conceptual model. 

2.8 The sustainability of DCTs 

In the previous sections, I have outlined the advantages of DCTs, as well as the challenges 

associated with this type of trial. Moving forward, and interpreting the practical implications of 

these factors, in this chapter I examine their impact on the sustainability of DCTs from a 

multidimensional perspective. 

DCTs represent one of the most significant areas of innovation in global drug development; 

however, their long-term sustainability continues to face significant environmental, economic, 

social, institutional and technological challenges. Current practice is characterised by attempts 

to transfer digital solutions developed predominantly in high-income economies to lower-

resource settings without modification, which, due to the heterogeneity of digital access, 

infrastructure and regulatory frameworks, often results not in equity but in the reinforcement of 
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structural inequalities. It follows that examining the sustainability of DCTs is not merely a 

technological issue but requires a complex, multidimensional analysis. 

According to research summarising international regulation and practice, sustainability should 

be understood as the persistence of the long-term benefits of digital solutions, which takes shape 

across six well-defined dimensions: environmental, economic, social, technological, regulatory 

and institutional (Ebenso et al., 2025). 

The Clinical Sustainability Assessment Tool (CSAT) can be used to complement this 

framework. The CSAT is a validated measurement tool that determines the maturity of a clinical 

programme’s sustainability; through a structured assessment of seven domains, it highlights 

aspects requiring further development (Malone et al., 2021). 

2.8.1 Regulatory sustainability 

Regulatory sustainability is significantly hampered by the complexity of international and 

cross-jurisdictional regulatory frameworks, which makes the uniform operation of 

decentralised clinical trials particularly challenging. The differing approaches of regulatory 

authorities - primarily the FDA and the EMA - further increase the difficulty of harmonisation; 

furthermore, globally divergent data protection legislation - such as the GDPR in the European 

Union, Health Insurance Portability and Accountability Act (HIPAA) in the United States, and 

various standards in force in other countries - further fragments the regulatory environment. 

Consequently, the cross-border operation of decentralised trials can only be sustainable if 

sponsors adopt flexible, multi-jurisdictional compliance strategies capable of harmonising the 

various data protection and quality assurance requirements (Yang, 2025). 

2.8.2 Global-level objectives 

The global landscape of DCTs shows significant regional differences across the United States, 

the European Union, and Central and Eastern European (CEE) markets such as Hungary. 

Hungary has an established clinical research ecosystem supported by academic institutions, 

hospitals, research centres, CROs and pharmaceutical companies (Fehérváry et al., 2024). At 

the same time, the country’s centralised healthcare structure shapes institutional decision-

making and managerial autonomy, which can affect the organisational conditions under which 

clinical research is conducted (Krenyácz & Révész, 2025). The transfer of digital trial models 

into national practice is further influenced by the maturity of digital infrastructure, 
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interoperability and institutional arrangements. In Hungary, the EESZT provides an important 

national digital-health infrastructure, but recent European Commission work identifies 

remaining semantic-interoperability and regulatory gaps that can constrain the effective reuse 

and integration of health data. These factors are relevant to the long-term sustainability of DCTs 

because the feasibility of integration depends on the surrounding health-system architecture 

rather than on trial technology alone (European Commission, 2025). 

Digital technologies are fundamentally transforming healthcare at a global level, creating new 

opportunities to improve the quality of patient care, increase the efficiency of systems and 

strengthen public health awareness. Amidst this transformation, it is essential to develop a 

comprehensive national strategy that provides direction for developments, coordinates the 

activities of stakeholders, and ensures that technological innovations serve the interests of 

society as a whole, in line with the WHO’s global objectives. The WHO’s global digital health 

strategy sets out four key principles to ensure that the introduction of digital technologies 

supports national health systems in a sustainable manner. The strategy emphasises that the 

institutionalisation of digital health can only be successful if it is integrated into the national 

system in line with a country’s own health policy priorities and resources. In addition, an 

integrated, comprehensive strategic approach is needed to align leadership, financial, 

organisational and technological capacities, and to avoid the fragmentation resulting from 

disjointed, parallel digital developments. The WHO guidelines also emphasise the responsible 

and appropriate use of digital technologies, ensuring the consistent application of ethical 

standards, patient safety, data protection and interoperability. Finally, the strategy emphasises 

addressing the specific barriers faced by the least developed countries, particularly overcoming 

constraints arising from a lack of infrastructure, human resources and financing capacities, so 

that digital health innovations can truly create global access and equity (World Health 

Organization, 2020). 

The UN 2030 Agenda for Sustainable Development also highlights that global connectivity 

holds enormous potential for accelerating development and bridging the digital divide. 

Technology has become key to improving access to healthcare, enabling more and more people 

to access services that were previously out of reach. The strategic and innovative use of digital 

tools is essential to achieving the goal of universal health coverage and the health-related 

Sustainable Development Goals (United Nations, 2015). 

Overall, an examination of the sustainability of DCTs shows that the future of DCTs depends 

on whether digital innovation can be seamlessly integrated into social, economic and 
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institutional structures. Only a DCT model that is context-sensitive, equitable, interoperable 

and financially viable in the long term, whilst supporting the efficiency and inclusivity of health 

research at a systemic level, can be considered sustainable. 

2.8.3 Environmental sustainability 

Traditional clinical trials have a significant environmental footprint: it is estimated that a single 

trial emits approximately 100 tonnes of CO₂ equivalents, 60-75% of which stems from travel 

by patients and research staff, as well as associated logistical operations (DayOne, 2025). 

decentralised clinical trials offer a promising opportunity to reduce these emissions, as enabling 

remote patient participation significantly reduces the number of visits requiring in-person 

attendance. The reduction in monitoring activities - particularly in multicentre trials (Mackillop 

et al., 2023) - along with paperless operations and other digital solutions, leads to further carbon 

savings. 

However, decentralisation also results in an environmental impact for certain processes. The 

delivery of investigational medicinal products to individual patients - as opposed to the 

traditional bulk logistics to centralised trial sites - may increase transport-related emissions 

(docs24, n.d.). At the same time, the energy requirements of the digital infrastructure, including 

data centres, servers, video-based consultations and electronic data recording systems, 

generates significant additional CO₂ emissions, which must be taken into account in 

sustainability assessments (Kohl & Schmidt-Lucke, 2023). 

Standardised methodologies are now available for estimating environmental impacts. The 

Sustainable Healthcare Coalition, the Pistoia Alliance and the Sustainable Markets Initiative 

have jointly developed a procedure for measuring the carbon footprint of clinical trials and 

created the Clinical Trial Carbon Calculator tool (Sustainable Carbon Coalition, 2026), which 

enables the identification of emission sources and the comparison of trials’ environmental 

performance. These methodological developments are critical to understanding where and to 

what extent DCTs contribute to emissions reductions, and where potential offsetting effects 

may arise (Adshead et al., 2025). 
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2.8.4 Infrastructural and technological sustainability 

The fragmentation of digital health systems results in significant additional costs and data 

quality risks. The introduction of interoperability standards is therefore an important 

prerequisite for sustainability. 

The central challenge to the technological sustainability of DCTs is the lack of interoperability. 

Electronic data recording systems from different manufacturers, operating on different 

principles, are in many cases incompatible platforms. The use of such systems makes data 

integration costly; furthermore, they pose data management risks and, in practice, hinder the 

efficiency of monitoring, analytical and regulatory processes. The application of uniform data 

standards is therefore a critical prerequisite for the functionality of the digital regulatory 

ecosystem (Integra IT, 2022; Malik et al., 2025). 

In the case of low- and middle-income countries (LMICs), infrastructure constraints - limited 

internet access, low digital literacy, a lack of devices, poor server capacity and outdated IT 

systems - significantly reduce the scalability of digital solutions. In this environment, 

sustainable technological adaptation can only be achieved if systems are adapted to the local 

context, rather than simply transposing resource-intensive industry standards (Ebenso et al., 

2025; Tambe, 2025). 

The third fundamental condition for technological sustainability is long-term capacity building. 

Training programmes provided by international research institutes and organisations - 

particularly approaches based on the ‘train-the-trainer’ model11, which are continuous and 

tailored to local needs - are essential to ensure that research staff are able to manage the 

technological and operational requirements of decentralised trials. A sustainable digital 

infrastructure is therefore not merely a technological investment, but the result of a long-term 

process of knowledge and capacity building. 

Furthermore, interoperability is an important prerequisite for technological sustainability: 

fragmented, incompatible systems pose significant costs and data management risks. The 

application of global standards ensures that the data architecture of trials remains viable in the 

long term. 

                                                 
11 train-the-trainer model: a structured approach aimed at preparing individuals to effectively train others within 

an organisation (Cserti, 2024) . 
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2.8.5 Economic sustainability 

The economic sustainability of DCTs is characterised by the duality of high initial investment 

requirements and long-term return potential. Digital infrastructure - including software 

platforms, training and support systems - imposes significant upfront costs on sponsors, which 

are particularly burdensome when implementation requires integration across multiple systems. 

At the same time, larger and more mature DCT deployments may generate financial value 

through operational efficiencies and time-related benefits, although the magnitude of such 

benefits depends on study scale and implementation conditions (DiMasi et al., 2023). 

DiMasi and colleagues (2023) illustrate the economic significance of the initial investment and 

the potential for value creation when decentralised approaches are implemented at sufficient 

scale. However, long-term economic viability is also constrained by the sustainability of 

funding, maintenance and capability-building arrangements. Sustainability therefore depends 

not only on projected returns but also on institutional commitment and the systemic embedding 

of digital transformation (Ebenso et al., 2025; Exemplars In Global Health, n.d.). 

Factors determining cost-effectiveness include implementation costs, user-friendly design, 

accessibility for participants, ongoing technical support and the scalability of solutions. In 

addition to the fact that digital solutions are easier to scale globally, which can have a cost-

effective and positive impact on LMIC catch-up in the long term, I would refer back to the 

importance of the local context mentioned in section 5.3.4. Together, these factors determine 

whether the digital screening ecosystem can ensure long-term and economically sustainable 

operation. 

2.8.6 Social sustainability and health equity 

DCTs have a dual impact in terms of social sustainability: whilst they can improve access, they 

may further exacerbate health and digital inequalities through the digital divide. The linguistic, 

technological and access requirements of digital platforms can easily exclude groups that are 

already disadvantaged in terms of access to health research. For marginalised groups, limited 
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infrastructure, a lack of digital literacy, adverse social determinants12 and historical mistrust 

represent the greatest barriers (Adedinsewo et al., 2023). . 

 

8 Factors influencing health and digital inequalities 

Source: own compilation 

decentralised research models and DHT solutions, however, offer new opportunities to enhance 

equity. Online recruitment, home-based participation, the provision of information in multiple 

languages and formats, and digital channels offering anonymity all facilitate the engagement of 

hard-to-reach populations (King et al., 2024; Stern & Trusheim, 2024). To mitigate structural 

exclusion, it is essential to systematically assess equity considerations, ensure access to digital 

tools, provide training and technological support, and develop hybrid participation options. 

DCTs are more equitable due to careful planning that takes these considerations into account: 

if the conditions for participation in research implicitly exclude certain populations, DCTs will 

reproduce or further exacerbate existing structural inequalities. In addition to the social 

implications of fairness and equal access, such systematic asymmetry may also distort the 

statistical results of clinical trials. Furthermore, it would be misleading to draw conclusions for 

a wider population and formulate therapeutic goals in this manner. To avoid this, the WHO 

Health Equity Assessment Tool (HEAT) software can be utilised, which can help identify 

regional and national health characteristics, as well as the differences between them through 

                                                 

12 social determinant: a key concept in health sciences and sociology, referring to the social, economic and 

environmental conditions that influence people’s health status, well-being and quality of life, including housing, 

education, employment, income, community and social relationships.  
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comparative analysis. Furthermore, the use of an evaluation framework that identifies potential 

exclusion mechanisms in a given trial protocol would greatly support planning, thereby helping 

to make the trial design socially sustainable. 

However, these potential benefits will only materialise if equity is consciously supported at 

every level of the system. The regulatory environment must allow for the application of diverse 

approaches; organisations must provide human resources alongside regular training; trials must 

employ flexibly structured online and offline strategies and targeted training; and at the 

participant level, not only digital access but also the actual provision of devices where necessary 

must be guaranteed. All this highlights that technological access alone is not sufficient: 

maintaining social equity requires active, structural interventions (Adedinsewo et al., 2023; 

Rodriguez-Chavez, 2021). 

2.8.7 Ecosystem sustainability and organizational change management 

A critical analysis of DCT sustainability reveals that long-term viability is contingent on more 

than financial solvency or environmental performance. It is also dependent on institutional 

embeddedness, organisational learning, and the capacity to manage change when digital 

technologies alter established routines and responsibilities (Csedő et al., 2018, 2019, 2022). 

Hungarian management research provides relevant contextual evidence for this mechanism, 

although it does not concern clinical trials specifically. Csedő et al. (2018), studying large 

Hungarian energy companies, found that the implementation of innovation was constrained by 

established structures, organisational culture and knowledge-management conditions, and that 

organisational change could be required to support renewal. In a financial-services case, Csedő 

et al. (2019) similarly showed that digitalisation becomes strategically meaningful when 

organisations adapt to external change and combine technological development with 

organisational and business-model renewal. These findings support treating DCT 

implementation as an organisational transformation challenge rather than as a stand-alone 

technology procurement exercise. 

At the ecosystem level, Csedő et al. (2021) demonstrated how innovation knowledge networks 

can connect higher-education institutions, corporate innovation and regulatory institutions 

through knowledge flows and collaborative relationships. Although their case concerns a 

power-to-gas innovation ecosystem rather than healthcare, the governance principle is relevant 

to DCTs: sustainable digital clinical research also requires coordination among sponsors, sites, 
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technology providers, research institutions, regulators and patient organisations. The value of 

this reference is therefore contextual and ecosystem-oriented, not healthcare-specific. 

From a strategic technology-management perspective, Deutsch et al. (2019) emphasise the 

strategic role of technology, while Deutsch and Berényi (2023) argue that accelerating 

technological and environmental change increases the importance of adaptive competencies 

and the systematic management of technology at strategic level. Applied to DCT sustainability, 

this perspective implies that technology choices should be connected to long-term capability 

development, organisational processes and strategic priorities rather than assessed solely 

through short-term implementation indicators. 

At the level of individual technology adoption, Hungarian evidence also indicates that 

technology availability alone is insufficient. Berenyi et al. (2021) identified both positive 

adoption propensity and concerns related to vulnerability among Hungarian business students, 

while Deutsch and Berényi (2023) found variation in technology acceptance and adoption-

related factors among Hungarian higher-education students. These studies do not constitute 

evidence from clinical trial sites, but they provide useful Hungarian contextual support for 

treating competence, perceptions and perceived vulnerability as relevant components of 

technology adoption. 

Change management is therefore a central mechanism of sustainable digital transformation. 

(Csedo et al., 2017) found that successful digitalisation projects combined ICT, project-

management and change-management competencies, while leadership, communication and 

stakeholder management were important change drivers. Their findings also indicate that 

institutionalisation of digitalisation can affect strategy, organisational structure and employee 

behaviour. This is consistent with the present study's interpretation that remote monitoring, 

electronic consent and continuous digital data collection require not only technical deployment 

but also deliberate redesign of roles, workflows, communication and capability development. 

2.8.8 Sustainability at the level of the healthcare system 

The long-term sustainability of DCTs fundamentally depends on whether they can be 

organically integrated into existing healthcare systems, or conversely, become isolated and fall 

victim to the ‘pilot project syndrome’, in which initial initiatives fail to become enduring, 

system-embedded solutions. 
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A key factor in sustainability is the accurate assessment of local infrastructure, as the 

fundamental elements of the digital health ecosystem - such as internet access, digital literacy, 

device availability and the regulatory environment - can vary significantly between countries 

and even within countries. The design of DCTs requires a systematic assessment of local digital 

and institutional capacities. The heterogeneity of HIC/LMIC13 differences (broadband 

coverage, device access, digital skills, data costs, regulatory framework) justifies the use of 

local adaptations rather than global templates.  DCTs can only generate real added value if the 

platforms and protocols are aligned with the actual capacities of the given healthcare system. 

Trial protocols developed in this way are better suited to the actual capabilities of the target 

populations. 

Long-term financial stability is a further fundamental prerequisite for the sustainable operation 

of DCTs. Short-term, pilot-style projects often fail to survive because, once initial funding 

ceases, there are insufficient resources available to maintain the platform, provide user support, 

ensure data security and retain the necessary specialist staff. Therefore, only those models can 

be considered sustainable that are based on funding cycles planned several years in advance, 

ensure continuous coverage of operating costs, and are based on transparent resource allocation 

linked to milestones. The sustainability of DCTs can only be achieved if they operate as part of 

a broader digital health infrastructure, rather than as isolated projects (Ebenso et al., 2025). 

The uncoordinated, parallel roll-out of DHTs can easily lead to system fragmentation and the 

emergence of siloed infrastructures that do not communicate with one another. Platforms and 

technologies operating in isolation from one another are unsustainable in the long term, as they 

require either complete replacement or costly integration, which entails a significant waste of 

resources. Sustainable digital transformation can therefore only be achieved within an 

integrated strategic framework at the level of the healthcare system, supported by stable 

funding, long-term political commitment, a unified regulatory framework, and data and 

interoperability standards followed by all stakeholders (Exemplars In Global Health, n.d.). 

The sustainability of DCTs can only be measured using a complex approach. Figure 9 illustrates 

an integrated conceptual framework of these influencing factors. 

                                                 
13 Classification based on GNI (Gross National Income) per capita. HIC: high-income countries. $13,935 or 

more; LMIC: lower-middle-income countries. $1,136 - $4,495 (World Bank Group, n.d.) . 
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9 Factors influencing the sustainability of DCTs 

Source: own compilation 

The external factors associated with the six interrelated dimensions of sustainability shown in 

the figure - social, economic, infrastructural/technological, regulatory, environmental and 

organisational dimensions - represent the key factors that determine the long-term feasibility 

and system integration of DCTs. The model approaches the issue of sustainability from a 

systems perspective, emphasising that the individual dimensions do not influence the 

effectiveness, social acceptance and scalability of trials in isolation, but rather through their 

interaction with one another. 

A detailed breakdown of the dimensions and factors shown in the figure is provided in Annex 

3. 

2.9 The cost structure of clinical trials 

In the pharmaceutical industry, clinical trials represent one of the most critical and cost-

intensive stages of the R&D&I process. The outcome of trials remains uncertain at this stage, 
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so the significant investment of resources does not guarantee subsequent market success. 

Consequently, clinical trials are among the activities associated with the highest financial and 

operational risks in drug development (Lo et al., 2009). Clinical trials require significant 

financial investment, which, combined with development risks, necessitates rigorous planning 

and financial control. According to industry analyses, the costs of clinical trials can range from 

a few million USD in Phase I to over 100 million USD in Phase III, whilst costs per patient can 

typically reach six figures. The total budget is typically divided between site-related expenses, 

patient recruitment, data management, regulatory compliance and general overheads 

(Beauroyre, 2025). 

The budget for clinical trials is complex, comprising several interrelated cost categories. These 

items cover the entire life cycle of the trial, from protocol development to data lock, and are 

typically planned on a project basis. The cost structure is influenced by numerous factors, 

including the phase of the trial, sample size, geographical scope, the complexity of endpoints, 

and the operational model employed. 

In a narrative overview, the main cost categories of clinical trials can be classified into the 

following groups: 

 Protocol development and regulatory preparation, which includes the development of 

the trial plan, statistical planning, regulatory documentation, and ethical approvals. 

 Site-related costs, including site initiation, contract signing, training, and operational 

and administrative fees incurred during the trial. 

 Patient-related costs, such as recruitment, screening, conducting visits, compensation 

and logistical support related to participation. 

 Monitoring and quality assurance, which ensures the verification of trial compliance, 

data quality and adherence to the protocol. 

 Data collection and data management, including electronic data collection systems, data 

validation, statistical analysis and data closure. 

 Technology and IT infrastructure, which provides the technical foundation for trial data 

management, system integration and information security. 

 Project management and general overhead costs, covering sponsor and CRO 

coordination, vendor management and administrative operations. 

These cost elements cannot be interpreted in a static manner on their own, as their relative 

weight and temporal distribution depend significantly on the trial model employed. The 
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transformation of the operational logic of clinical research - particularly the emergence of 

digital and decentralised approaches - does not result in the complete emergence or 

disappearance of new cost categories, but primarily in a structural reorganisation of existing 

cost items. 

2.9.1 Differences in cost structure between traditional and digital clinical 

trials 

The cost structures of traditional and digital clinical trials differ structurally in several respects. 

The cost burden of the traditional model is primarily linked to physical trial sites, on-site staff 

and on-site monitoring, whereas the digital approach emphasises technological, data 

management and organisational expenses, partly replacing them with new technological costs 

(Weber, 2021). These differences do not signify the elimination of cost elements, but rather 

their reallocation, which determines the design and operational logic of clinical trials. 

 

10 Differences in cost structures between traditional and digital clinical trial designs 

Source: own compilation 
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2.9.2 Planning and regulatory costs 

In traditional clinical trials, planning is typically based on site-specific protocols, where 

regulatory and ethical approvals are geographically fragmented. In DCTs, by contrast, protocol 

design is supplemented by elements of data protection, digital process documentation and 

technological compliance (e.g. eConsent, remote data collection, audit trail). 

Consequently, the focus of planning costs shifts from physical infrastructure towards digital 

compliance and documentation, whilst the number and complexity of approval processes 

exhibit varying patterns. 

2.9.3 Costs associated with trial sites 

In the cost structure of traditional clinical trials, site initiation, training, contract signing and the 

ongoing operation of sites constitute the dominant items. The involvement of multiple sites 

increases administrative burdens and coordination costs. 

In DCTs, the number of physical sites typically decreases, or is supplemented by partially 

virtual or hybrid operations. As a result, fixed costs associated with physical infrastructure are 

reduced, whilst new types of platform implementation and service costs emerge. 

Site activation and staffing costs play a key role in the cost structure of traditional clinical trials. 

Typical items include site-specific start-up fees, which cover administrative processes, training 

and documentation, as well as the remuneration of the PI and clinical research coordinators. In 

the case of multi-site trials, the ongoing maintenance of each site further increases the budget. 

Based on institutional and industry reviews, site start-up costs - including feasibility studies, 

contract negotiation, ethical approval, training and the conduct of the site initiation visit (SIV) 

- can vary widely, ranging from a few thousand dollars to as much as USD 25,000 per site 

(IntuitionLabs, n.d.). Due to the recurring nature of these costs, together with staffing costs, 

they account for a significant proportion of the total budget. 

In the case of digital and decentralised trials, site activation fees and the need for on-site staff 

can be partially replaced by the use of telemedicine, remote monitoring and remote SDV 

(source data verification). At the same time, new cost elements emerge, such as helpdesk 

services related to digital operations, patient support systems and device logistics, which 

replace part of the traditional staffing costs. 
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2.9.4  Monitoring and quality control 

In traditional clinical trials, monitoring is typically based on on-site visits, including significant 

travel costs, flights, accommodation and daily subsistence allowances. Several empirical 

studies confirm that the use of hybrid monitoring models (combining on-site and remote 

elements) can result in cost reductions of up to 46.2% compared to exclusively on-site 

monitoring (Fu et al., 2023). These models also increase the number of patients that can be 

monitored during a single visit by one-third and reduce the time required for monitoring by 

13.8%, whilst maintaining the quality of monitoring. Access to real-time data allows safety and 

data quality signals to be detected earlier (Daly et al., 2024; Fu et al., 2023). 

Digital and hybrid monitoring models, by contrast, are based on remote data verification and 

risk-based approaches. This shift results in a structural transformation of monitoring costs: the 

need for on-site presence decreases, whilst the role of data-driven, centralised verification 

processes increases. This results in a structural shift in quality control costs: expenditure on on-

site presence decreases, whilst the role of data-driven control processes and centralised 

monitoring increases (Hummel et al., 2019) . 

2.9.5  Costs associated with patient recruitment and retention 

Patient recruitment is one of the most critical and cost-intensive processes in clinical trials, the 

success of which has a direct impact on the timeline of the trial. Based on empirical data, the 

average cost of online recruitment is approximately USD 72 per patient, whilst for traditional 

offline methods this figure is around USD 199, representing a difference of nearly threefold. 

Traditional approaches using print advertisements are even more expensive, with some 

estimates putting the cost at USD 1,100-1,500 per active patient (IntuitionLabs, n.d.). In 

contrast, in 80% of trials, it is not possible to meet the patient recruitment target and maintain 

the planned schedule, which has led to the opening of new sites and, in any case, to the extension 

of the trial. These necessary interventions can result in a daily revenue loss of up to $8 million 

for pharmaceutical companies (Brøgger-Mikkelsen et al., 2020). According to a global survey 

by Sinha and colleagues (2024), the average enrolment rate for phase III and phase IV trials 

was below 40%. 

Digital channels typically enable higher daily recruitment activity, but with a lower screen-to-

enrol conversion rate. In contrast, traditional methods use fewer channels but often achieve a 

higher final enrolment rate. One key advantage of decentralised clinical trials, however, is 
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improved patient retention: participation from home, a flexible visit structure and telemedicine 

solutions reduce the burden on patients, resulting in lower dropout rates and thus cost-saving 

effects in the long term (Moseson et al., 2020). 

In DCTs, online channels provide wider geographical reach, yet operate with different 

conversion dynamics to traditional, on-site recruitment. The difference in cost structure in this 

case is not reflected solely in unit costs, but also in the fact that a larger proportion of 

recruitment expenditure is concentrated on digital campaigns, data-driven selection and 

solutions that support the patient experience. 

In this case, the difference in cost structure does not signify the elimination of the element, but 

rather a shift in the direction of cost allocation: alongside traditional site-based screening, digital 

campaigns and solutions supporting the patient experience are coming to the fore. 

2.9.6  Data collection, data management and technological infrastructure 

Data management in traditional clinical trials is often based on a combination of electronic and 

manual processes, which requires significant expenditure on data verification and data 

cleansing. In contrast, DCTs utilise integrated data collection solutions, including EDC, 

electronic clinical outcome assessments (eCOA), eDiary and sensor-based systems. 

Electronic data capture systems represent a significant cost factor in both trial models, the extent 

of which depends on the system’s functionality and complexity: according to industry 

estimates, the monthly fee for EDC licences typically ranges from USD 1,000 to USD 5,000, 

supplemented by initial implementation costs of around USD 5,000 to USD 12,000, as well as 

additional data management expenses such as specification, form design, data cleaning and 

analytical services (Ledesma, 2024). The complex design of eCRFs, the large number of trial 

sites, the integration of ePRO systems and validation requirements collectively drive up costs 

further.  

In digital trials, real-time data collection and automated data validation reduce data cleaning 

time (IQVIA, 2022b), whilst reduced manual query handling enables relative cost savings and 

faster decision support (Laurent, 2026). 

Although the structural transformation of costs requires higher expenditure on technology and 

IT security, it simultaneously reduces the human resource requirements associated with manual 

data processing, improves the efficiency of decision support and shortens the development 
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cycle (Shah et al., 2010), resulting in a shift in the cost structure towards technological 

investments. 

2.9.7  Costs of sensors, wearable devices and digital solutions 

However, DCTs do not introduce cost-reducing elements exclusively. The development, 

validation and regulatory approval of sensors, wearable devices, mobile applications and other 

digital solutions generate significant new entry costs. In the short term, these costs may increase 

the overall cost of trials, particularly in the case of DCTs involving innovative medical devices. 

According to industry analyses, development and regulatory costs can reach millions or even 

tens of millions of USD, depending on the risk class (Millstone Medical, 2025). Although these 

entry costs are high, the devices can be economically viable through long-term, reusable and 

scalable use (De Sario Velasquez et al., 2024). At the same time, one must account for 

depreciation, the repair or replacement of devices, and the logistical challenges of delivering 

and collecting them from patients’ homes, all of which influence the sustainability of the digital 

model.  

Overall, it can be concluded that DCTs are not merely a ‘cheaper’ alternative to the traditional 

model, but represent a different cost logic: some of the recurring costs associated with physical 

infrastructure and human resources are replaced by technological investments, which are 

initially higher but scalable in the long term. This shift in cost structure fundamentally 

influences the planning of clinical development, particularly in the case of trials involving large 

sample sizes, geographically dispersed sites, or those requiring long-term follow-up. 

2.9.8  Project management and overhead 

In traditional trials, the focus of project management is on the coordination of a large number 

of sites and the associated administrative processes. In DCTs, the involvement of more 

technology and service providers becomes necessary alongside fewer physical sites, creating a 

different overhead structure. 

This difference does not necessarily mean lower overall costs, but reflects a shift in project 

management tasks and resource requirements. 
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2.9.9  Structural summary 

Overall, the difference in cost structure between traditional and DCTs is primarily not captured 

in the number of cost elements, but in their distribution and weighting. In the traditional model, 

costs related to physical infrastructure, on-site presence and travel dominate, whereas the digital 

approach emphasises expenditure on technology, data management and governance. 

Cost category 

Traditional 

analysis (base = 

100%) 

Estimated 

DCT level 

compared to 

the baseline 

Comment 

Site start-up (initiation, SIV, training) 100% 50-70% 

Fewer physical sites, 

more ‘virtual’ 

operations.1 

Site operating fees / investigator fee 100% 60-80% 

Fewer on-site visits, 

partly shifted to 

remote services.1 

On-site monitoring (CRA travel) 100% 30-50% 

Remote/risk-based 

monitoring, fewer 

trips. 

Patient travel and travel expense 

reimbursement 
100% 20-40% 

Significantly fewer 

face-to-face visits.1 

On-site administration, paper-based 

processes 
100% 40-60% 

More digital processes, 

less manual data entry 

on-site. 

Sampling on-site 100% 50-80% 

Partially home-based / 

local laboratory 

sampling. 

Digital platform, DHTs, IT security 0-30% 120-200% 

New / higher cost 

bracket (platform, 

wearables, 

cybersecurity).2 

 

1 (Weber, 2021) 

2 (Laurent, 2026) 

5 The shift in cost allocation for DCTs 

Source: own compilation 

This table conceptually illustrates which items in the cost structure of a traditional trial decrease 

significantly in a DCT (Weber, 2021). The relative decrease and increase in individual cost 
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items provide the basis for interpreting the financial return on DCTs as a separate analytical 

dimension. 

2.10  ROI of DCTs 

The financial return on DCTs is not derived directly from the elimination of individual cost 

items, but - as illustrated in Figure 10 in Chapter 2.9 - from the restructuring of costs and their 

temporal effects. ROI analysis should therefore be interpreted not as an isolated cost-reduction 

exercise, but as the result of complex financial and operational effects. 

2.10.1  Comparison of cost and time dimensions 

Table 5 summarises the key financial and temporal differences between traditional and digital 

clinical trials. The table highlights that whilst in the traditional model a significant proportion 

of operational costs is linked to physical trial sites, travel and on-site staff, in the digital 

approach the weight of these items is reduced, whilst the proportion of technology and platform-

related investments increases. 

In the case of DCTs, the literature typically identifies a potential reduction in total operating 

costs of between 10-25%, primarily resulting from fewer physical trial sites, lower travel 

expenses and more efficient monitoring models (DiMasi et al., 2023; Nair, 2019). However, it 

is important to emphasise that these savings do not occur evenly throughout the trial’s entire 

life-cycle, as DCTs typically involve higher initial technological investment. 

2.10.2  The financial significance of the time factor 

The time dimension is a key element of ROI-based analyses. The operational model of DCTs - 

particularly through online recruitment, faster study start-up and real-time data collection - can 

shorten certain phases of the clinical development cycle. According to the findings of Fu et al. 

(2023), a development time saving of 1-3 months can be achieved in Phase II trials, whilst a 

similar order of magnitude of acceleration is observed in Phase III. The reduction in clinical 

development time represents significant economic value indirectly, particularly through 

bringing forward the time to market (IQVIA, 2022a). 

The reduction in clinical development time is of particular significance in late-phase trials, 

where time savings can result in significant revenue benefits through earlier market entry. In 
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ROI analyses, this effect is often given greater weight than the direct reduction in individual 

cost items. 

2.10.3  Empirical ROI results and model-based estimates 

Most studies examining the financial ROI of DCTs trials are based on model-based analyses 

that estimate ROI using industry data (particularly from the Tufts CSDD and Medable 

databases). These analyses suggest that the use of DCT components can result in an average 

five-fold ROI in Phase II and up to a fourteen-fold ROI in Phase III, primarily through time 

savings, lower screen failure rates and fewer protocol amendments (DiMasi et al., 2023). 

It is important to note, however, that in terms of total trial costs, direct savings are typically 

more modest. According to phase-specific analyses, DCT solutions on their own result in a 

direct cost reduction of between 2.58% and 3.61%, whilst certain operational components - 

such as hybrid monitoring models - can reduce monitoring costs by up to 46.2% compared to 

models based solely on on-site presence (Fu et al., 2023). 

2.10.4  Methodological limitations and interpretative considerations 

When interpreting ROI results, it is particularly important to take methodological limitations 

into account. The costs of clinical trials are highly dependent on the institution, country, phase 

and indication, and industry reports typically rely on heterogeneous data sources and estimates. 

The number of empirical studies examining the financial return on DCTs is currently limited, 

and most of them employ a retrospective or model-based approach. 

Although an exemplary small-scale empirical programme (Zhang et al., 2025) and an analysis 

focusing on specific trial designs - such as platform trials (Park et al., 2022) - also support the 

potential for a favourable ROI, further large-scale, prospective, independent trials are needed 

to confirm the generalisability of the results. 

2.10.5  Strategic significance 

Based on the available evidence, the use of DCTs is primarily justified in settings where cost-

effectiveness and operational flexibility are realised in the long term. This applies in particular 

to multi-centre trials with large sample sizes, where the accumulation of traditional 

infrastructure and site activation costs offers significant potential for savings. Similarly, the 

DCT approach is particularly advantageous in Phase II and III trials, where the ROI is highest, 



 

   

 

82 

as well as in longer-term programmes where technological investments and equipment 

developments can be amortised. 

In contrast, the traditional clinical trial model continues to play a dominant role in early-phase 

trials and for populations where intensive in-person monitoring or low technological readiness 

limits the extent of digitalisation (Rosa et al., 2021). The financial return on DCTs is therefore 

not universal, but depends on the indication, phase and context, which requires a conscious 

strategic decision during the planning of clinical developments. 

2.10.6  Further - often underestimated - considerations and cost implications 

When comparing the cost structures of traditional and digital clinical trials, a number of factors 

can be identified that are often underestimated during initial cost planning, yet have a significant 

impact on total life-cycle costs and operational feasibility. These considerations typically do 

not fall into a single cost category, but rather cut across regulatory compliance, technological 

infrastructure, human resources and patient experience. 

Ensuring regulatory and data protection compliance is of paramount importance in digital 

assessments. Due to the increased digital flow of personal and sensitive health data, solutions 

such as electronic consent, audit trails and logging mechanisms, role- and permission-based 

access management, and cyber security measures based on encryption and access control are 

becoming indispensable. The implementation and ongoing maintenance of these measures - 

including regular penetration testing and security audits - place a more significant and sustained 

cost burden on sponsors and service providers in the case of DCTs than in traditional, site-

centric models. 

Another frequently underestimated cost factor is the issue of interoperability and 

standardisation. A prerequisite for the effective operation of decentralised data collection is 

integration with EHR/EMR systems, the establishment of Health Level Seven/Fast Healthcare 

Interoperability Resources (HL7/FHIR) compatibility (Gomez, 2023), and the development and 

maintenance of data standards at the device and protocol levels. While these solutions initially 

incur significant implementation costs, in the longer term they reduce the complexity of data 

management, minimise the need for manual data conversion and cleansing, and facilitate 

scalability, particularly in the case of digital portfolios spanning multiple examinations. 

Testing logistics and home-based services represent a further specific cost dimension of 

decentralised models. Direct home delivery of test kits, temperature and supply chain 
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monitoring, home or mobile sampling, patient training, and the collection of devices all appear 

as separate cost items. Although these expenses increase operating costs, they also help to 

reduce the burden on patients and improve retention, which may indirectly offset the initial 

expenditure. 

The successful roll-out of decentralised testing is closely linked to the effectiveness of training 

and change management. The digital training of site staff and patients, the adoption of new 

workflows, and the maintenance of continuously available helpdesk and support channels are 

not merely operational issues, but are also critical in terms of protocol compliance, data quality 

and trial scheduling. Neglecting these elements may suggest cost savings in the short term, but 

in the longer term it can lead to significant losses in efficiency and hidden additional costs. 

Device validation and maintenance require ongoing expenditure. Regular calibration of 

wearable devices, software updates and version management, as well as testing for 

compatibility with various operating systems and device types, are essential to ensure 

measurement accuracy and data consistency. These activities generate recurring costs 

throughout the entire duration of the study, which often only become apparent during the 

implementation phase. 

Addressing equal access and the digital divide is not only an ethical and social issue, but also 

entails direct costs. The provision of equipment, data packages or internet support, ensuring 

adequate network coverage, and making the language and user interface accessible are all 

factors without which decentralised trials may skew the composition of the enrolled population. 

At the same time, incorporating these solutions increases cost sensitivity, particularly in the 

case of large and heterogeneous patient populations. 

decentralised operations also alter insurance and liability structures. Liability issues related to 

remote interventions, home sampling and device use may necessitate different insurance terms 

and premium structures, which do not always align with the frameworks used in traditional 

clinical trials. 

Last but not least, the choice of endpoints and methodology also has a significant cost impact. 

The design, validation and regulatory approval of digital endpoints - particularly measurements 

based on passive and active sensor data - influence development timelines and the costs of the 

authorisation process. The advantage of these endpoints is objective, high-resolution data 

collection; however, from a methodological and regulatory perspective, they may require a 

higher initial investment. 
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2.11 Conclusion of the literature review 

In parallel with post-COVID-19 industry adaptation, several corporate and academic analyses 

suggest that the use of DCT elements accelerates recruitment and shortens cycle times, 

improving financial value and patient-centredness (Daly et al., 2024; Sinha et al., 2024). 

The use of digital elements in clinical trials is reshaping the cost structure: it reduces on-site 

and travel expenses, enhances investments in technology, data protection and interoperability, 

and accelerates recruitment, monitoring and data flow. The net economic benefit - particularly 

in Phase II-III, multi-site and long-term trials - is increasingly supported by evidence; however, 

costs related to equipment and cybersecurity, as well as ensuring equitable access, require 

conscious planning and change management (Sinha et al., 2024) . 

The cost structure of clinical trials is undergoing a significant transformation with the 

proliferation of digital elements. Our findings indicate that DCTs directly reduce on-site and 

travel costs, improve the efficiency of recruitment and retention, and achieve substantial cost 

savings through remote and hybrid monitoring models, whilst new cost items (related to 

technology, cybersecurity and interoperability) emerge. Several analyses demonstrate 

significant financial added value in Phase II-III trials when DCT elements are systematically 

applied. 

Overall, it can be concluded that the cost structure of DCTs does not merely represent a 

reallocation of traditional cost items, but reflects a fundamentally different, system-level 

operational logic. The apparent cost savings - particularly in the areas of on-site infrastructure, 

travel and on-site monitoring - can only be interpreted as sustainable benefits if we take into 

account the often underestimated but structurally decisive costs associated with regulatory 

compliance, interoperable data management, in-house logistics, and the ongoing operation of 

the digital ecosystem. 

One of the most important lessons of the digital approach is that the timing of costs changes: 

initial investment and implementation costs - particularly on the technological, data protection 

and methodological fronts - may be higher, whilst in the longer term the burdens arising from 

manual processes, data inconsistencies and patient attrition are reduced. Consequently, the 

economic evaluation of DCTs cannot be based solely on short-term cost comparisons, but 

necessarily requires a life-cycle approach that also takes into account repeatability, scalability 

and the effects of organisational learning. 
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It should also be emphasised that DCTs are not universal alternatives to traditional models, but 

strategic tools capable of creating genuine added value when applied to the appropriate 

indication, patient population and trial phase. The key to the successful application of DCTs 

lies not in the isolated introduction of technological elements, but in their integrated, regulated 

and patient-centred application. In the absence of this, DCTs can easily become new cost 

centres rather than drivers of efficiency and evidence generation. 

Consequently, the future competitiveness of DCTs depends crucially on the extent to which 

sponsors and research organisers are able to consciously assess and manage the often hidden 

cost implications, and to implement cost optimisation in a manner consistent with the scientific 

quality, ethical soundness and social inclusivity. 

On the other hand, a review of the existing literature indicates a lack of consistent estimates 

regarding the economic and operational value of DCTs. The observed discrepancies in these 

estimates can be categorised into three interrelated areas.  

Firstly, there is considerable variation among studies in their assessment of economic benefits. 

Model-based analyses and industry benchmarks often report significant ROI and notable time-

related value. However, empirical evidence and phase-specific data suggest that actual cost 

reductions may be much more modest and are heavily influenced by the underlying trial design.  

Secondly, the operational advantages of DCTs are not uniformly observed across all studies, 

particularly in terms of recruitment, retention, monitoring efficiency, and cycle time reduction. 

These variations can be attributed to several factors, including the phase of the clinical trial, the 

therapeutic indication, the sample size, the extent of geographic dispersion, the technology 

configuration, and the percentage of trial activities that can realistically be decentralised.  

Thirdly, the robustness and transferability of the evidence vary according to the institutional 

and implementation context. Evidence generated by vendors, financial simulations, and 

retrospective benchmark analyses may illustrate potential value under favorable 

implementation assumptions. However, they do not necessarily account for the costs associated 

with technology onboarding, validation, organisational change, legacy-system integration, 

training, cybersecurity, and site-level adaptation that arise under typical conditions.  

In contrast, empirical studies provide greater contextual realism; however, they are limited in 

number and often confined to specific trial configurations or organisational environments. 

Consequently, the most substantiated conclusion drawn from the existing literature is not that 
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DCTs universally reduce costs or guarantee a specific level of ROI. Instead, it emphasises that 

the economic and operational impacts of DCTs are contingent upon changes in recruitment, 

monitoring, communication, and data collection.  
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3. RESEARCH METHODOLOGY 

3.1 Research questions, areas of investigation 

Bringing a new drug to market is among the most capital-intensive and strategically risky 

activities in the modern economy. Estimates of the capitalised costs of pharmaceutical 

development range from USD 879 million to USD 4.46 billion per approved molecule (DiMasi 

et al., 2016; Sertkaya et al., 2024). Against a backdrop of rising research and development 

expenditure and increasing pressure on innovation productivity, DCTs have emerged as a 

potentially transformative model for clinical research. By integrating digital technologies into 

trial operations, DCTs may improve efficiency, shorten development timelines, and support 

more effective resource allocation (de Jong et al., 2024; Harmon et al., 2023). Nevertheless, 

considerable uncertainty remains regarding the economic value, implementation costs, and 

long-term ROI associated with DCT adoption. 

Despite growing interest in DCTs, their economic implications remain insufficiently 

understood. The available evidence base is characterised by a limited number of peer-reviewed 

empirical studies reporting real-world cost data. Much of the literature relies on simulation 

models, financial projections, and industry-generated benchmarks rather than prospective 

economic evaluations. As a result, there remains considerable uncertainty regarding the extent 

to which reported efficiencies translate into realised economic benefits in routine clinical trial 

settings. 

This challenge is compounded by the absence of standardised terminology. Related concepts, 

including decentralised, virtual, siteless, hybrid, and digitally enabled clinical trials, are 

frequently used interchangeably despite important operational differences (Santa-Ana-Tellez et 

al., 2023). The resulting conceptual fragmentation complicates evidence synthesis and limits 

comparability across studies. 

The fragmented nature of the literature presents additional methodological challenges for 

evidence synthesis. Conventional database searches may fail to identify relevant studies 

scattered across multiple disciplines and publication types. To address this limitation, the 

present study combines a systematic literature review with citation-network mapping using 

Litmaps. This approach facilitates the identification of influential publications, thematic 
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connections, and potentially overlooked sources, thereby providing a broader perspective on 

the economic evidence surrounding DCTs. 

Accordingly, this study seeks to address three central research questions. Firstly, the study 

examines how implementing DCT components transforms the traditional cost structure of 

clinical trials, particularly with regard to CAPEX and OPEX allocation. Secondly, the study 

will investigate the extent and quality of the empirical and model-based quantitative evidence 

concerning DCT operational efficiencies, including patient recruitment costs, monitoring 

expenditure and trial cycle time reductions. It will also critically assess the methodological 

limitations associated with these findings. Thirdly, it explores how the fragmented body of 

economic evidence can be integrated into a coherent conceptual framework capable of 

supporting strategic decision-making in biopharmaceutical portfolio management. 

The aim of the study is to explore the ecosystem of domestic DCTs from the perspective of the 

stakeholder groups (medicines regulatory authority, sponsors, CROs, service providers, PIs, 

patient organisations and participants). The questions in the questionnaire were compiled based 

on the results of CISCRP studies, relevant literature on health technologies used in DCTs and 

cost-reduction mechanisms, as well as topics identified through my experience as a clinical trial 

project manager. The main dimensions also cover aspects influencing the management of 

clinical trials and, in addition to examining the regulatory framework and the burdens on 

patients and institutions, place emphasis on exploring data protection and economic 

dimensions. The exploratory approach and pragmatic perspective adopted in the research aim 

to maximise evidence for decision-making alongside high-quality practical relevance (Creswell 

& Poth, 2018; Patton, 2015). 

By combining qualitative and quantitative data collection, the research focused on the following 

questions: 

1.) Which DHT solutions are typically used in domestic practice? 

2.) What are the benefits and challenges perceived by stakeholders during the 

implementation and operation of DHT? 

3.) What organisational, regulatory and data protection factors influence the adoption and 

scalability of DHT in clinical trials? 
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4.) What cost-saving mechanisms can be identified in DCTs according to the perceptions 

of stakeholders, and how do these mechanisms affect the cost structure of DCTs? 

The methodological framework of this doctoral research integrates several empirical 

approaches. I supplemented qualitative expert interviews with quantitative data collection in 

accordance with mixed-methods methodology. Due to these methodological characteristics, the 

application of statistical hypothesis testing in the classical sense is not applicable; therefore, 

from a methodological perspective, it must be distinguished from research hypotheses in the 

scientific sense.  

In examining the methodological requirements for exploratory research in emerging 

technological domains (Pörzse et al., 2021), it is important to distinguish clearly between formal 

statistical hypothesis testing and exploratory research questions. Given the structural 

characteristics of the domestic pharmaceutical research sample - where the quantitative 

component (N = 11) is intended to standardise and triangulate the qualitative expert findings 

(N = 13) - the analytical framework does not seek to generalise statistically across the entire 

industry. As a result, the foundational principles of this study are framed as Exploratory 

Research Questions (RQ1-RQ6) rather than as formal deductive hypotheses. The quantitative 

metrics (means, medians, and standard deviations based on Likert scales) are utilised solely for 

descriptive statistics and pattern recognition to support qualitative findings, thereby avoiding 

over-generalisation while ensuring methodological rigour (Creswell & Plano Clark, 2018; 

Pörzse et al., 2021). 

3.2 Research methodological framework and sample 

characteristics 

The research is based on qualitative-interpretivist principles, supplemented by a quantitative 

component. Semi-structured expert interviews allow the discussion to proceed along predefined 

themes, whilst also providing flexible scope for the emergence of new perspectives (Brinkmann 

& Kvale, 2018; Kvale, 1996). The content validity of the entire questionnaire was reviewed by 

an independent expert - a doctor who had previously worked as a clinical trial project manager, 

was employed by a sponsor, and later took up a position with a service provider. Based on the 

suggestions, I refined the wording of the items and the scaling, after which the questionnaire 

was tested. During this process, with the involvement of a relevant expert - who was therefore 
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excluded from the interviews - I examined the clarity of the questions, the response time and 

any potential redundancies. An iterative approach characterised the development of the 

questionnaire throughout, as I sought feedback from each subsequent interviewee regarding 

improvements to the questionnaire’s structure, the topics covered, and the overall interview 

process. 

3.2.1  Systematic literature review 

To ensure transparency and reproducibility, explicit eligibility criteria were established prior to 

the screening process. In order to be considered for inclusion, studies had to comprise peer-

reviewed empirical research, financial simulation models, or industry benchmark reports 

examining DCTs or related DHTs, and, if applicable, report quantitative, empirical, or model-

based economic metrics. Publications written in English or Hungarian were deemed to be 

eligible for consideration. The exclusion criteria applied to the studies included the following: 

the absence of quantitative or model-based economic evidence; an exclusive focus on clinical 

efficacy, pharmacological outcomes, or technical performance without assessing economic 

implications; or the presence of duplicate records. Secondary publications, narrative 

commentaries, and opinion papers that reproduced previously published findings without 

contributing original data or novel analytical approaches were also excluded from the study. 

To mitigate the risk of relevant evidence being overlooked, the initial search strategy was 

intentionally broad, with no restrictions applied to therapeutic area, clinical trial phase, sponsor 

type, or geographical setting. This approach reflected the exploratory nature of the review and 

acknowledged the multidisciplinary nature of DCT research. After the identification stage, a 

structured, multi-stage screening process was conducted. This comprised a review of titles and 

abstracts, followed by a full-text assessment, and was facilitated by Rayyan software. The 

predefined eligibility criteria were applied systematically throughout the process to ensure 

consistency in study selection. The identification of publications providing original empirical 

evidence, model-based estimates, or quantitative assessments of the economic impact of DCT 

implementation was of particular importance. In the final synthesis, studies that described 

clinical, technological, or operational aspects without evaluating economic outcomes were 

excluded. Similarly, publications that merely reiterated previously reported benchmark figures 

without presenting new empirical evidence, analytical insights, or modelling frameworks were 

not retained. 
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3.2.2 Expert interviews 

In the primary research, semi-structured expert interviews were employed to explore and 

deepen understanding of the experiences, perceptions, and contextual factors of stakeholders 

involved in domestic clinical trials (Creswell & Poth, 2018; Kvale, 1996). The semi-structured 

format enabled the discussion to proceed along predefined topics while allowing novel 

perspectives to emerge during the interviews (Patton, 2015). In light of the heterogeneity in 

participants' professional backgrounds, a set of core questions was devised to ensure uniformity 

of the interview framework while allowing for the introduction of supplementary questions 

based on participants' individual experiences (see Appendix 5 for details). 

The qualitative component's sampling frame comprised identifiable stakeholder groups within 

the Hungarian clinical trial ecosystem that were directly relevant to the implementation, 

management, or regulation of digital clinical trial solutions. These included pharmaceutical 

sponsors, CROs, clinical investigators, and other healthcare professionals involved in clinical 

trials, patient organisations and patients, and regulatory stakeholders. In the absence of a 

comprehensive public register of individuals with direct experience of DCTs, the sampling 

frame was developed through professional networks, relevant Hungarian organisations, 

stakeholder associations, and targeted outreach. In instances where participant groups were 

particularly difficult to access, such as patients and specialised experts, snowball sampling was 

employed to broaden the reach of eligible participants (Noy, 2008). 

The selection of participants was purposive rather than probability-based. The primary criterion 

for determining eligibility was professional relevance and direct or experience-based exposure 

to clinical research and/or DCT practices within the Hungarian context. The sampling strategy 

was designed to achieve stakeholder diversity and information richness, rather than statistical 

representativeness (Palinkas et al., 2015). 

The determination of the sample size was informed by the extant methodological literature 

concerning qualitative research and thematic saturation. The point at which saturation was 

reached was identified by recurring patterns across the main thematic categories. Subsequent 

interviews primarily served to confirm existing codes and thematic dimensions, rather than 

introducing new ones (Guest et al., 2006; Saunders et al., 2018). Thematic saturation was 

achieved after conducting 13 interview sessions. 
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A total of 13 invitations to participate in interviews were accepted. In one instance, two 

representatives from the same patient organisation participated jointly in a single interview. 

Consequently, the qualitative component comprised 13 interview sessions involving 14 

individual participants. In this instance, the two representatives collectively presented the 

organisation's viewpoint. 

During the sampling process, particular attention was paid to the representation of clinical trial 

sponsors, as these stakeholders were expected to provide insights into trial design and the payer 

perspective. The pharmaceutical company representatives included in the sample had 

significant experience in both traditional and DCT environments. A representative of a smaller, 

Hungarian-owned CRO specialising in DCTs was also included in the study. In addition, 

endeavors were undertaken to recruit CRAs and service providers engaged by prominent 

international corporations. Nevertheless, these interviews failed to materialise, primarily due to 

capacity constraints on the part of the parties approached. 

To incorporate the patient perspective, the author contacted the Hungarian Federation of Patient 

organisations (BEMOSZ) and the National Association of People Living with Rare and 

Congenital Disorders (RIROSZ) and asked them to forward the request to individuals registered 

in their systems. Following the questionnaire administration, one patient was willing to 

participate in an interview. Furthermore, the president of RIROSZ and a volunteer participated 

in their capacity as representatives of the patient organisation. Furthermore, an additional strand 

of research involved in-depth interviews with physicians who had previously participated in 

DCTs. The sample was further complemented by a data-driven healthcare expert and a futurist 

doctor, one of whom contributed through an interview, while the other contributed by sharing 

professional publications. 

In addition, regulatory stakeholders were approached. However, the relevant staff member at 

the National Centre for Public Health and Pharmacy (NNGYK) was unable to participate in an 

interview or provide written information. This is indicative of a limitation in the composition 

of the stakeholder group, which is considered when interpreting the findings. 

The interviews were conducted in a semi-structured format and lasted between 60 and 90 

minutes. The interviews were conducted via the Microsoft Teams platform. Prior to each 

interview, all participants were apprised of the purpose and procedure of the interviews. Verbal 

consent was obtained from all participants at the start of each interview, authorising the 
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recording of the conversation and the use of the recordings for research purposes. The 

interviews were transcribed using Alrite speech recognition software (version 2.35.1), and 

subsequent processing was conducted with MAXQDA Analytics Pro (version 26.2.1). A 

comprehensive overview of the interview participants is provided in Appendix 4. 

3.2.3 Quantitative questionnaire 

The quantitative element of the research was based on a self-developed questionnaire designed 

to capture stakeholder attitudes and perceptions throughout the clinical trial life cycle. The 

rationale for developing the questionnaire was that, during the literature review, no existing 

instrument was found that fully addressed the research objectives and the specific domestic 

context. International sources, including the CISCRP studies, provided relevant background 

evidence and informed the development of the questionnaire; however, they were not used as 

direct measurement instruments in the primary research. 

The questionnaire comprised structured statements covering the main stages and dimensions of 

the clinical trial process and used a four-point Likert scale (Joshi et al., 2015; Likert, 1932). 

The objective of the study was not to provide a statistically representative measurement of the 

Hungarian pharmaceutical ecosystem, but rather to provide a standardised descriptive 

assessment of stakeholder perceptions. This was intended to complement the qualitative 

findings within the mixed-methods framework. The qualitative and quantitative components 

were collected concurrently and integrated during the interpretation of the findings(Creswell & 

Plano Clark, 2018; Johnson et al., 2007). 

The administration of the questionnaire occurred concomitantly with the conduction of the 

qualitative interviews. A total of 13 interview invitations were accepted. In one case, two 

representatives of the same patient organisation participated jointly in a single interview and 

submitted a single questionnaire response on behalf of the organisation. Consequently, 13 

questionnaire response units were approached, and 11 completed questionnaires were returned, 

yielding a response rate of 84.6% (11/13). The response rate is reported at the level of the 

questionnaire response unit rather than at the individual participant level because the 

questionnaire was designed to capture the stakeholder or organisational perspective represented 

in the interviews. 
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In light of the purposive, non-probability sampling strategy and the modest quantitative sample 

size (N = 11), the response rate should not be construed as evidence of population-level 

representativeness. The quantitative component was explicitly intended to serve as an 

exploratory and descriptive element of the mixed-methods design. The utilisation of the 

questionnaire findings was thus primarily to provide structured numerical data to bolster the 

interpretation and triangulation of the qualitative findings, rather than to conduct inferential 

statistical testing or establish population-level relationships. The 19 impact areas were treated 

as separate indicators of stakeholder perceptions rather than as items forming composite 

psychometric scales. Consequently, no aggregate scale scores were constructed and no internal 

consistency coefficient was calculated for the questionnaire. 

The development of the questionnaire was a self-initiated process, and, as such, particular 

attention was paid to the instrument's quality throughout its development. The items 

constituting the questionnaire were derived from the research questions and the thematic 

domains identified in the literature review. The questionnaire was reviewed by an independent 

expert with professional experience in clinical trial management, with particular regard to the 

items' relevance, clarity, and wording. Following the expert review, several items and the 

response scale were refined. A subsequent pilot test was conducted with an expert who was not 

included in the interview sample. The pilot assessment concentrated on the clarity and 

comprehensibility of the questions, the interpretation of the response options, completion time, 

and the identification of redundant or ambiguous items. 

The questionnaire was designed as an exploratory instrument for the structured description of 

stakeholder perceptions, rather than as a psychometrically validated measurement scale. 

Consequently, formal statistical construct validation and internal consistency analysis were not 

conducted. With a sample size of only 11 respondents, the quantitative component was not 

designed to support population-level inference or formal statistical hypothesis testing. The 

questionnaire findings were analysed descriptively, using means, medians, and standard 

deviations. These findings were then interpreted in conjunction with the qualitative evidence. 

The study's methodological limitations are recognised to be the limited sample size and the 

exploratory nature of the questionnaire. 
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The questionnaire encompassed five primary thematic domains: 

1) the characteristics of the technology portfolio and data management, as well as factors 

promoting and hindering implementation 

2)  health economics dimensions, with particular regard to efficiency gains and cost factors 

3)  aspects of risk and quality management, including data protection, regulatory factors 

and the burden on participants 

4)  social implications, challenges arising from digitalisation, patient experience, patient-

centredness and accessibility  

5)  overarching perceptions, such as scalability, future trends and market outlook. 
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4. EMPIRICAL RESEARCH FINDINGS 

4.1 Research questions identified based on a literature review 

During the literature review, I formulated the following research questions. I substantiated the 

validity of the questions at the heart of the study not only through relevant literature references 

but also through the primary research framework. To confirm these research questions, I found 

only a small number of widely cited references in the international context prior to the start of 

my research, and no evidence at all relating to Hungary. The formulated questions - through the 

interviewees - are primarily applicable to stakeholders in the Hungarian pharmaceutical 

industry. 

My main research questions (RQ1-RQ3) examine the most frequently described phenomena. 

RQ1: Do DCTs involve a shorter trial duration compared to traditional clinical trials? 

RQ2: Is the cost structure of DCTs generally more favourable than that of the traditional 

clinical trial model? 

RQ3: Do the quality, reliability and data integration characteristics of data collected during 

DCTs differ from those of traditional clinical trials? 

Further research questions (RQ4-RQ6) analysed factors acting as mediators. 

RQ4: Does recruitment efficiency influence the relationship between the trial design and the 

duration of the trial? 

RQ5: Does the digitalisation of patient communication influence the relationship between the 

trial design and the cost structure? 

RQ6: Does the frequency and method of data collection influence the relationship between the 

study design and data quality? 
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4.2 Systematic literature review 

To ensure transparency and reproducibility, explicit eligibility criteria were established prior to 

the screening process. To be considered for inclusion, studies had to comprise peer-reviewed 

empirical research, financial simulation models, or industry benchmark reports that examined 

DCTs or related DHTs. If applicable, the studies also had to report quantitative, empirical, or 

model-based economic metrics. The relevant outcomes encompassed a range of financial and 

operational metrics, including ROI, OPEX, CAPEX, cost per patient, recruitment costs, 

monitoring costs, cycle-time reductions, and other indicators of economic performance. It was 

determined that publications authored in either English or Hungarian would be considered for 

review. The exclusion criteria applied to the studies were as follows: the absence of quantitative 

or model-based economic evidence; an exclusive focus on clinical efficacy, pharmacological 

outcomes, or technical performance without assessing economic implications; or the presence 

of duplicate records. Secondary publications, narrative commentaries, and opinion papers that 

reproduced previously published findings without contributing original data or novel analytical 

approaches were also excluded from the study. 

To mitigate the risk of relevant evidence being overlooked, the initial search strategy was 

intentionally broad, with no restrictions on therapeutic area, clinical trial phase, sponsor type, 

or geographical setting. This approach reflected the exploratory nature of the review and 

acknowledged the multidisciplinary nature of DCT research. After the identification stage, a 

structured, multi-stage screening process was conducted. The process entailed a preliminary 

evaluation of titles and abstracts, followed by a comprehensive assessment of the full texts. The 

Rayyan software facilitated this. The predefined eligibility criteria were applied systematically 

throughout the process to ensure consistency in study selection. The identification of 

publications providing original empirical evidence, model-based estimates, or quantitative 

assessments of the economic impact of DCT implementation was of particular importance. In 

the final synthesis, studies that described clinical, technological, or operational aspects without 

evaluating economic outcomes were excluded. Similarly, publications that merely reiterated 

previously reported benchmark figures without presenting new empirical evidence, analytical 

insights, or modelling frameworks were not retained. 
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Database Hits (n) 

Embase 167 

Scopus 154 

EBSCO 142 

PubMed 95 

Web of Science 82 

Litmaps 71 

 

6 Systematic literature review databases and the following hits 

Source: own compilation 

The resulting unique records were then subjected to a staged screening process, with this stage 

based on titles, abstracts, and author keywords. In this phase, studies that were evidently 

unrelated to clinical trials, DHTs, or economic evaluation were excluded. A particular focus 

was placed on identifying publications that addressed the economic performance of DCTs and 

related DHTs. Records that focused exclusively on technological development, software 

engineering, clinical efficacy, or pharmacological outcomes and did not assess economic 

implications were excluded from further consideration. 

Publications that met the preliminary screening criteria were then retrieved for full-text 

assessment. At this stage, the studies were evaluated against predefined eligibility criteria 

relating to methodological relevance and the presence of economic evidence. It is important to 

note that particular emphasis was placed on incorporating original empirical evidence, model-

based estimates, and quantitative assessments of economic outcomes. Publications were only 

retained if they reported explicit economic metrics, such as cost savings, ROI, OPEX, CAPEX, 

monitoring costs, recruitment costs, cycle-time reductions, and other measures relevant to 

economic evaluation. The exclusion criteria applied to the studies included those that relied 

exclusively on qualitative efficiency claims without quantitative evidence, those that were 

narrative reviews or opinion papers that reproduced previously published findings without 

introducing original data or novel analytical frameworks, and those that fell outside the context 

of regulated clinical trials. It should be noted that the present study excluded studies that 

examined general telehealth services without incorporating a clinical research component. 

The full-text evaluation also revealed a significant feature of the evidence base. Whilst 

traditional database searches yielded most studies that met the predefined quantitative eligibility 

criteria, citation-network mapping identified several highly relevant publications that offered 
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valuable contextual and methodological insights. After the conclusion of the final eligibility 

assessment, publications containing redundant secondary information or inadequate economic 

evidence were excluded from the synthesis. The resulting corpus comprised studies providing 

empirical and model-based evidence, as well as industry-generated benchmarks, all of which 

were relevant to the economic evaluation of DCTs. This systematic selection process ensured 

that the final evidence base remained focused on publications that could inform assessments of 

economic value, while maintaining methodological transparency and consistency throughout 

the review. 

The PRISMA flowchart below (Page et al., 2021) illustrates the SLR process and the results 

obtained. Furthermore, the figure provides a comprehensive overview of the findings from 

Litmaps. 
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11 Overview of PRISMA flowchart 

Source: own compilation 
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The extensive list of 640 results suggests that the topic is indeed timely. According to the 

Scimago Journal Ranking, all articles are classified as Q1, with the exception of three (Q2). 

The earliest result is an article published in 2003 that also emphasises the topic's relevance. 

Following the analysis, only two studies were identified across the five scientific databases. 

These two papers contain original, added information, both of which were also researched by 

DiMasi and colleagues. In many cases, the filtered articles refer to DiMasi’s research or mention 

the cost-effectiveness of DHTs, but do not contain specific data. 

However, using Litmaps scientific tool by searching for keywords and mapping the citation 

network of the most influential literature, an additional 19 relevant publications were identified. 

4.3 Expert interviews 

The qualitative analysis of the research was justified by the richness of content in the semi-

structured expert interviews, as the organisational and technological processes of DCTs are 

highly context-dependent and can only be understood through a deeper exploration of 

experiential perspectives. To process the 13 interviews, I applied the methodological 

framework of thematic analysis, following the steps defined by Braun and Clarke (2006): 

producing verbatim transcripts, anonymisation, familiarisation with the data, creating primary 

codes, developing themes, reviewing the coding system, and finalising the structure. 

For the analysis, I employed thematic analysis using inductive-deductive hybrid coding (Braun 

& Clarke, 2006; Miles et al., 2014; Saldana, 2016). The deductive codes formed the backbone 

of the thematic structure, ensuring that the analysis was comparable and coherent with the 

international industry discourse. Any phenomenon that went beyond the standardised 

technological, regulatory or economic categories found in the literature (e.g. EDC/eCRF, 

ePRO, eConsent, home-visit, AI, ROI) was coded inductively, capturing the specific 

operational experiences, challenges and insights associated with them. In this way, the 

deductive framework provided a stable foundation, whilst the inductive layer enabled the 

integration of new, empirical content. 

In addition to the deductive framework, I applied open coding to the interview data in order to 

uncover those experiences and meanings that stem from practice and do not appear among the 

standard concepts in the literature. The inductive codes highlighted phenomena such as the 
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usability limitations of digital solutions (e.g. reminder fatigue or the spam effect), data quality 

issues (e.g. limitations of telemedicine), cultural and organisational resistance (e.g. refusal of 

home visits), or risks associated with vendor competence. These were organised into 

thematically arranged categories through axial coding, which supplemented the deductive 

framework with contextual depth. In the next step of the process, conceptually related groups 

of codes coalesced into coherent ‘narratives’, which provided the themes for the qualitative 

research. 

Following the consolidation of the codes, the final three-level coding system (main themes, 

categories, inductive codes) was established. On this basis, I compiled the codebook, which 

contained definitions, inclusion and exclusion criteria, and example sentences. The codebook 

is included in Appendix 6. 

Thematic saturation was achieved on the basis of the 13 interviews: subsequent interviews 

primarily served to confirm and refine existing themes, rather than introducing new main 

themes. This supported the conclusion that the interview process could be closed, whilst also 

confirming that the research was working with empirical material of sufficient breadth and 

depth. As a result of the entire coding process, a stable and complex thematic framework was 

established, built simultaneously on the literature and international theoretical frameworks of 

DCTs, as well as on the practical experiences of the interviewees. This dual approach enabled 

the research to interpret the functioning and economic impacts of digital trials in a nuanced, 

empirically grounded and theoretically relevant manner. 

The coding process thus resulted not merely in a descriptive analysis, but in an interpretative 

and contextualised analysis suitable for an integrated understanding of the operational, 

economic, technological and organisational aspects of DCTs. 

The methodological quality of the qualitative and quantitative components was addressed 

through procedures appropriate to their respective research designs. Credibility was supported 

by triangulation involving multiple stakeholder groups, as well as professional consultations 

(peer debriefing). Generalisability was supported by a detailed description of the research 

context, sampling and data collection. Reliability was reinforced by the documentation of a 

version-controlled code book and analysis memos, whilst confirmability was aided by reflective 

journaling and the support of interpretations with interview quotations. 
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I supported the interpretation of the results obtained using visual methods. One such method is 

the code frequency matrix (Table 7), which shows in which interviews each code occurred and 

also allowed for a quantitative overview of code density and the thematic coverage of the 

interviews. The creation of the code relation matrix (Table 8) and the heatmap (Table 9) 

provided further insight into the relative intensity of the codes, which supported the 

relationships between themes and the thematic saturation. The matrix displaying the 

subcategories of the codes is included in Appendix 6. 

 

7 The MAXQDA code frequency matrix of the main themes 
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8 The MAXQDA code relation matrix with circles 

 

9 The MAXQDA code relation matrix with heatmap 

The code relation matrix with subcodes is found in Appendix 7.



 

   

 

105 

 

4.4 Quantitative questionnaire for various stakeholders in the 

domestic pharmaceutical industry 

The quantitative component of the research consisted of a questionnaire in tabular format 

completed by the interviewees (Appendix 5; Expert interview, Question 22). Of the 13 

interviewees, 11 returned the completed questionnaire. Data processing was carried out using 

the Excel spreadsheet programme. Respondents rated the 19 identified impact areas in the 

questionnaire on a four-point Likert scale (1-4): 

1. the applicability/acceptability of the DHT in clinical trials 

2. the design of the trial 

3. the selection of the principal investigator 

4. the regulatory approval process 

5. compliance with regulations 

6. reducing the number of protocol amendments 

7. improving the screening error rate / the recruitment process  

8. patient recruitability / trust 

9. the patient retention rate 

10. ensuring data security 

11. the volume of data collected 

12. the quality / reliability / information content of the data collected 

13. the usability / processability of the collected data 

14. patient-centred care 

15. doctor-patient communication / relationship 

16. the process for reporting adverse events 

17. the duration of the study 

18. reduction of trial costs / cost-effectiveness 

19. return on examination costs 

Descriptive statistics - mean, standard deviation and median - were calculated for each impact 

area, and I have also presented these in graphical form (Figure 12) to ensure clarity and 

comparability. 
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12 Answers to the quantitative questionnaire, presented as the mean on a Likert scale, with 

the standard deviation indicated 

Source: own compilation 

The development of the questionnaire followed a theory-informed and expert-reviewed process, 

with particular attention to content relevance, clarity and comprehensibility. The initial item 

pool was derived from the research questions and themes identified in the literature review. An 

independent clinical trial expert, who possesses extensive experience both on the sponsor side 

and as a service provider, was engaged to assess the questionnaire for content relevance, clarity, 

and coverage of the intended topic domains. After a comprehensive review, several items were 

refined in terms of wording and scaling. The pilot assessment focused on the clarity of the 

questions, the interpretation of response options, the completion time, and the identification of 

redundant or ambiguous items. Further refinements to the questionnaire were made prior to its 

deployment in the primary data collection.  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Likert-scale mean 3,36 3,00 2,36 2,55 3,00 2,73 3,00 2,91 3,00 2,27 3,45 3,45 3,36 3,09 2,55 2,91 3,00 2,91 2,82
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5. CONCLUSIONS 

5.1 Evaluation of research findings and conclusions 

5.1.1 Systematic literature review 

The study employed a systematic literature review methodology, supplemented by the Litmaps 

scientific tool. The variability of industry terminology complicated the creation of the search 

query; therefore, it cannot be guaranteed that all relevant publications were identified. This 

discrepancy is particularly pronounced given that the number of results from the conventional 

methodology (N = 2) differs considerably from the number reported by Litmaps (N = 19). A 

review of the extant literature revealed a clear research gap, namely the paucity of academic 

papers that precisely quantify DCT cost-effectiveness. 

As a consequence of the SLR, there is a paucity of empirical, phase-specific cost and cost-

effectiveness analyses in both the Hungarian and international literature that examine the 

economic impacts of DCTs. 

The substantial number of preliminary database queries underscores the growing relevance and 

impetus for research on DCTs. However, a significant gap in the current evidence base is 

highlighted by the substantial reduction in studies during the final eligibility screening. A dearth 

of peer-reviewed publications reports original empirical data on the economic performance of 

DCTs. This scarcity of academic evidence appears to stem from several interconnected factors. 

Firstly, DCT models have only recently been widely adopted, meaning that only a limited 

number of completed trials have generated sufficient financial and operational data to allow for 

a rigorous economic evaluation. Secondly, detailed cost structures, budget allocations, and site-

level financial metrics are generally considered commercially sensitive information, and as 

such, are rarely disclosed by pharmaceutical sponsors in peer-reviewed scientific publications. 

This structural reliance on model-based evidence introduces an inherent risk of commercial 

optimism bias, which was explicitly considered during the synthesis of findings. A significant 

proportion of the economic data currently available originates from commercial reports, vendor 

white papers, and industry benchmarks. Whilst these sources provide valuable and timely 

insights into the potential economic impact of DCT implementation, it is important to note that 
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they may also reflect the commercial interests of technology providers and solution vendors. 

Consequently, reported projections of cost savings and ROI may represent favorable 

implementation scenarios rather than typical real-world outcomes. It has been demonstrated 

that biopharmaceutical sponsors frequently incur implementation costs for platform 

onboarding, organisational change management, and legacy system integration. These costs 

could temporarily offset the theoretical operational efficiencies and cost savings associated with 

decentralised trial models. 

A substantial proportion of the extant data is contingent on model-based estimates, industry 

reports, and benchmarks of variable quality, which demonstrate considerable variation by 

country, sponsor, and technology portfolio. This uncertainty is particularly relevant to the 

domestic clinical trial ecosystem, where the adoption of digital components remains 

fragmented, and decision-makers often lack context-sensitive, cost-based decision-support 

tools. 

5.1.2 Evaluation of qualitative research findings 

As a result of the entire coding process, a robust, multidimensional thematic framework was 

established that captures the actual functioning of DCTs in an accurate, nuanced and 

theoretically grounded manner. The coding process thus yielded not merely a descriptive 

analysis, but an interpretative and contextualised one, which, in terms of its scientific value, is 

suitable for an integrated interpretation of the operational, economic, technological and 

organisational aspects of DCTs. 

I categorised the groups of sub-codes developed during the coding process into 9 main themes: 

 Economic and business impacts 

 Clinical operations and trial organisation 

 Strategy, innovation and vision 

 Stakeholder impacts and burden 

 Regulatory environment 

 Data management and quality 

 Patient-centred care and access 

 Disruptive digital technologies 

 Social and demographic challenges 
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I have grouped the main themes listed above into 7 report groups. I have paired the sub-themes 

relating to Data management and quality with those on Disruptive digital technologies, and the 

sub-themes on Social and demographic challenges with those on Patient-centred care and 

access. The keywords appearing in the interviews are generally organised across three levels, 

and the meta-pattern emerging from this formed the basis for the groupings. The operational 

mechanisms linked to the perceived structural and contextual conditions determine the cross-

section of measurable outputs and impacts. The seven groups of reports are therefore typically 

not independent of one another, but are linked as elements of a process model. 

 

13 A process model illustrating the elements of the meta-pattern derived from the data groups 

Source: own compilation 

One of the most prominent patterns observed during the analysis of economic and business 

impacts was the interpretation of ROI as being time-delayed. The majority of interviewees 

described the introduction of digital solutions as a cost-increasing factor in the short term, 

particularly in relation to infrastructure development, system integration and training 

requirements. However, alongside these initial outlays, a longer-term narrative emerged, which 

saw the value of DCTs primarily in increased operational efficiency, time savings and 

organisational flexibility. In this form, the ROI was typically expressed not in direct financial 

metrics but in indirect benefits, which in itself reflects uncertainty regarding the method of 

economic evaluation. 
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This uncertainty was further reinforced by the lack of KPI-based performance measurement, 

which emerged as a recurring theme in the interviews. Although the majority of stakeholders 

reported positive experiences regarding the operation of DCTs, these assessments rarely relied 

on formally recorded and regularly measured indicators. Economic impacts were often 

articulated in the form of anecdotal impressions, intuitions and ad hoc observations, which 

makes it difficult to evaluate digital solutions in a way that is both comparable and relevant at 

an organisational level. Consequently, business decision-making was in many cases based more 

on strategic expectations and narratives regarding the future than on empirically supported 

economic data. 

During the analysis of the operational and organisational dimensions, it became clear that the 

impact of digitalisation is not evident in a clear reduction in workload, but rather in its 

redistribution. Whilst certain traditional tasks, such as paper-based documentation or on-site 

presence, have decreased, new types of tasks have emerged relating to the use, monitoring and 

troubleshooting of digital systems. This shift was particularly pronounced in the case of doctors 

and examination centres, where the technological and administrative workload has increased 

alongside clinical work. For patients, the burden was primarily linked to continuous data 

collection and the use of digital devices. According to the interviews, the assessment of the 

impact of digitalisation often depended on whether a reduction or an increase in the burden was 

the dominant factor for the individual concerned. 

In this complex operational environment, patient experience emerged as a factor of paramount 

importance. Based on the interviews, patient experience was not merely a matter of patients’ 

subjective satisfaction, but an operational factor directly influencing the continuity of study 

participation and data quality. Well-designed, understandable and intuitive digital solutions 

facilitated patient engagement and retention, whilst systems that were overly complex or 

required participation across multiple platforms caused frustration and increased the risk of 

dropout. The patient experience can thus be interpreted as an intermediary dimension that links 

human and operational aspects. 

When examining the technological dimension, the interviews clearly highlighted the varying 

levels of maturity of digital solutions. Whilst certain systems, such as EDC or ePRO solutions, 

have already been routinely integrated into clinical research practice, other technologies, 

including AI-based analyses or virtual reality applications, appeared to be more future-oriented 

and in an experimental stage. This difference in maturity has influenced not only technological 

acceptance but also economic and operational assessments, as more mature systems have been 
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associated with more stable experiences, whilst newer solutions have been dominated by higher 

expectations and greater uncertainties. 

Based on a summary interpretation of the results, it can be concluded that the successful 

implementation of DCTs is not solely a technological issue. The creation of economic value, 

operational stability and human acceptance are inseparable factors, the coordinated functioning 

of which is only partially ensured by current practice. The time-sensitive nature of ROI, the 

lack of KPIs, the redistribution of workloads and the prominent role of patient experience all 

suggest that the interpretation of DCTs is currently in a transitional phase. In this phase, the 

technological potential is widely recognised, yet the organisational, economic and human 

conditions do not yet always support the full realisation of this potential. 

This complexity has necessitated an integrated interpretative framework that treats DCTs not 

as isolated technological innovations, but as multidimensional organisational and social 

phenomena. The empirical findings of this thesis contribute to this framework by exploring the 

tensions and points of connection that define the current and future role of DCTs in clinical 

research. 

5.1.3 Evaluation of quantitative research findings 

The descriptive statistics of the Likert-scale evaluations provide a nuanced picture of how 

DHTs are perceived across different domains of clinical trials. The results of the study suggest 

a moderately positive assessment of DHTs implementation, with mean values predominantly 

clustering around the upper range of the scale (approximately 3), indicating a generally 

favourable but not unequivocal perception. 

The most consistent positive evaluations are associated with data-related domains. Specifically, 

the perceived impact of DHTs on the quantity, quality, and usability of collected data exhibits 

the highest mean scores, all exceeding 3.3. This pattern indicates a strong consensus among 

respondents that digital solutions enhance the data-generating capacity of clinical trials, both in 

terms of volume and informational value. These findings are consistent with the prevailing 

expectation that digitalisation primarily contributes to enhanced data capture and processing 

capabilities, which are pivotal to contemporary clinical research. 

Conversely, lower mean values are observed in domains associated with regulatory processes, 

operational implementation, and trust-sensitive issues. The lowest-rated area is data security, 

with a mean of approximately 2.27, suggesting considerable concern or uncertainty among 
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respondents regarding the ability of digital systems to ensure secure data handling. In a similar 

vein, the selection of PIs and regulatory approval processes have received comparatively low 

ratings, with mean scores of below 2.6. The findings suggest that while DHTs may offer 

technical advantages, its integration into established institutional and regulatory frameworks 

remains problematic or insufficiently substantiated in practice. 

A critical dimension of the analysis concerns the variability of responses, as captured by 

standard deviations. The highest dispersion is observed in the domain of trial cycle time, where 

the standard deviation exceeds 1.18. This substantial variability is indicative of a pronounced 

lack of consensus among respondents, suggesting that the effect of DHTs on trial duration is 

highly context-dependent. While certain participants have reported significant efficiency gains, 

others have reported neutral or even negative experiences. 

A comparable level of variability is observed in data security (standard deviation 1.01) and 

patient-related dimensions, including recruitment feasibility, patient trust, and patient-centricity 

(standard deviations around 0.94). These findings indicate that there are significant variations 

in perception, which are likely attributable to differences in technological maturity, institutional 

readiness, or prior experience with digital tools. The combination of low mean and high 

variance in data security underscores its role as a critical and contested domain. 

Conversely, certain areas demonstrate near-universal consensus. For instance, the evaluation of 

study design demonstrates a standard deviation of zero, thus indicating identical responses 

among participants. The results indicate that other domains, including the reduction of protocol 

amendments and general applicability, demonstrate low variability. These results suggest that 

certain aspects of DHTs integration are relatively well understood and consistently evaluated 

across stakeholders. 

An analysis of discrepancies across response patterns further corroborates these conclusions. 

The results also indicate that a number of domains exhibit significant variability in their 

individual scores, with ranges extending from 0 to 4, including trial cycle time, data quantity, 

and patient recruitment. Such disparities indicate that respondents' experiences with DHTs are 

far from uniform and may depend on specific organisational, technological, or methodological 

contexts. The variability in patient-related dimensions is of particular interest, as it suggests that 

the purported benefits of digitalisation for patient engagement are not universally realised. 

In summary, the findings reveal a dual pattern. On the one hand, there is a clear and robust 

perception that DHTs enhances data-related aspects of clinical trials. Conversely, substantial 
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uncertainty and disagreement persist in areas related to implementation, regulation, and patient 

interaction. The most significant discrepancies have been observed in domains where digital 

transformation intersects with complex organisational and human factors, such as data security, 

patient engagement, and operational efficiency. The results of this study underscore the 

significance of contextual factors in influencing the perceived impact of DHTs, thereby 

signifying the necessity for further standardisation and the generation of evidence with the aim 

of mitigating variability in stakeholder experience. 

5.1.4 Mixed-methods integrated matrix 

Based on the findings, it became clear that the perception of DCTs is not uniform, but rather 

takes shape along multiple interpretative frameworks that exist in parallel and are often in 

tension with one another. 

The research was conducted within a mixed-methods framework, the central element of which 

was data integration. This integration was supported by the use of convergence tables, also 

known as joint displays, which linked qualitative themes with the corresponding quantitative 

indicators within a single matrix. This approach did not merely place the different data types 

side by side, but made their convergence, complementarity or, indeed, divergence visible. The 

advantage of this approach was the nuanced exploration of complex phenomena; at the same 

time, the interpretation of qualitative data necessarily carries the risk of researcher subjectivity. 

To present the results in a credible manner, the so-called ‘weaving’ technique was also 

employed, whereby qualitative and quantitative findings appeared in the same sections of text, 

reinforcing one another. 

The aim of the integrated qualitative-quantitative analysis was to explore the conditions under 

which DHTs contribute to the efficiency, quality and acceptance of clinical trials. Using a 

mixed-methods approach, I examined the phenomenon from a multidimensional perspective. 

Qualitative expert interviews, focusing on the underlying mechanisms, enable the exploration 

of causal relationships and modes of operation, whilst quantitative indicators quantify the 

frequency, intensity and extent of the phenomena. This combined approach provides a more 

comprehensive and in-depth understanding to answer the research questions. 
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Quantitative 

topic 

Interpretation Areas of impact Qualitative indicators 

Mean / SD / Median 

Clinical 

performance 

generally good Clinical 

applicability/acceptance of 

DHTs 

3.36 0.50 3 

Clinical 

performance 

Positive effect development of a study protocol 3.00 0.00 3 

Stakeholder 

impacts 

Changing attitudes selection of the PIs 2.36 0.50 2 

Tech and data CTIS, acceptance regulatory approval process 2.55 0.52 3 

Regulation Over-regulated, 

changing 

compliance with regulations 3.00 0.77 3 

Economic 

factors 

better reduction in the number of 

protocol amendments 

2.73 0.47 3 

Clinical 

operations 

Targeted, faster improvement in screening error 

rate / inclusion process 

3.00 0.77 3 

Clinical 

operations 

variable patient engagement / trust 2.91 0.94 3 

Clinical 

operations 

Positive impact Patient retention rate 3.00 0.89 3 

Tech and data better ensuring data security 2.27 1.01 3 

Tech and data more data Amount of data collected 3.45 0.93 4 

Tech and data better quality / reliability / information 

content of collected data 

3.45 0.52 3 

Tech and data faster usability/processability of 

collected data 

3.36 0.50 3 

Stakeholder More flexible patient-centred 3.09 0.94 3 

Stakeholder trust doctor-patient communication / 

relationship 

2.55 0.82 3 

Clinical 

practice 

weak point Adverse event reporting process 2.91 0.70 3 

Economic is shortened cycle time 3.00 1.18 3 

Economic Yes, in the long 

term 

reduction in testing costs / cost-

effectiveness 

2.91 0.83 3 

Economic Yes, in the long 

term 

return on research costs 2.82 0.75 3 
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10 A matrix illustrating the integrated interpretation of qualitative themes and quantitative 

metrics 

Source: own compilation 

The quantitative metrics typically showed moderate to good values on their own; however, 

based on the interviews, it became clear that these results were not the outcome of linear 

technological effects, but rather of complex, conditional mechanisms. 

5.1.5 Clinical operations and examination processes 

Based on the quantitative data, the clinical applicability and acceptability of DHTs can be 

described as favourable overall (average: 3.36). This is unanimously confirmed by the 

interviews, which also emphasise that the positive effect is not automatic, but depends heavily 

on the quality of the trial design and the correct integration of the technological elements. 

According to the qualitative results, DHTs supports clinical operations most effectively when 

it is not introduced as a ‘stopgap solution’, but is adapted at an early stage of protocol design, 

taking into account the therapeutic area and the patient population concerned, and aligned with 

the trial’s objectives. 

This explains why the quantitative score for trial design is stable but not outstanding (average: 

3.00): the potential of the technology is widely accepted, but its implementation requires 

significant preparation, resources and organisational learning. 

The process of improving screening error rates and patient engagement also showed moderately 

good results (average: 3.00). The interviews highlight that digital tools - particularly 

retrospective database analysis and AI-based pre-screening - can significantly reduce the 

screening failure rate through targeted selection, provided the target population is realistically 

defined. Otherwise, the technology may even exacerbate structural problems. 

5.1.6 Stakeholder influences and human dimensions 

The most critical points of tension in the study arose in relation to the human dimensions. The 

quantitative score for the selection of the PI was notably low (average: 2.36 on a scale of 4), 

which is clearly explained by the qualitative results. Based on the interviews, the attitude of PIs 

plays a key role: digital solutions often represent an additional workload, a need for training 

and administrative responsibility for them, which leads to selective acceptance. 
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Patient engagement and trust (average: 2.91) present an ambivalent picture. According to the 

qualitative data, convenience, reduced travel burdens and home-based data collection increase 

willingness to participate, whilst digital illiteracy, data security fears and cultural differences 

can pose significant barriers. This ambivalence explains the relatively high standard deviation 

in this dimension. 

The quantitative value for doctor-patient communication is lower (average: 2.55), a finding 

consistently supported by the interviews. Fully remote solutions often undermine the quality of 

the personal relationship, particularly in the case of longer or sensitive examinations; 

consequently, the majority of respondents identified the hybrid model as the optimal solution. 

5.1.7  Technology and data dimensions 

The strongest convergent results emerged in the areas of technology and data. The quantity 

(mean: 3.45; median: 4) and quality (mean: 3.45) of the data collected proved to be particularly 

high. According to the interviews, real-time data collection, audit trails, time-stamping and 

integrated databases (e.g. EESZT, RWE) clearly enhance data integrity and analytical 

capabilities. Several respondents highlighted the significance of the untapped potential inherent 

in EESZT. 

In contrast, the assessment of data security showed the lowest average and the highest standard 

deviation (average: 2.27; standard deviation: 1.01). According to the qualitative data, issues of 

data protection, validation, GDPR compliance and data sovereignty generate significant 

uncertainty and mistrust, which directly impacts technological adoption. 

5.1.8 Economic factors 

The quantitative values for the economic dimensions fall within a moderate range. The 

assessment of development cycle time (mean: 3.00) and cost-effectiveness (mean: 2.91) is 

nuanced by the qualitative results: DHT solutions are typically costly initially and create a new 

cost structure; however, they can provide ROI indirectly - through shorter cycle times, faster 

time-to-market and better data quality - particularly in cases involving large sample sizes and 

hard-to-reach, remote regions or populations, such as rare diseases. 
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5.2 Conditional impact model of DCTs 

Based on the integrated matrix, it can be concluded that the application of DHTs in clinical 

trials is not merely a technological issue, but a conditional operational model. The strongest 

impact of digital solutions is evident in the data and time dimensions, whilst human and 

regulatory factors play a mediating role in the development of measurable outcomes.  

 

14 A conditional impact model for DCTs 

Source: own compilation 

Figure 14 illustrates the impact of DHTs on clinical trials using a conditional, three-level model. 

The structural and regulatory environment influences measurable outcomes not directly, but 

through mediating mechanisms. The results suggest that the realisation of technological 

potential depends primarily on the degree of acceptance and effectiveness. The human and 

regulatory aspects, meanwhile, are most strongly influenced by the quality of implementation. 

Based on the research findings, it can be concluded that DCTs are currently in a transitional 

phase of development. Although the potential of technological solutions is widely recognised, 

business, organisational and human conditions do not always support the full realisation of this 

potential. 
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The interpretation of DCTs is often fragmented: economic expectations, operational 

experiences and human experiences do not always align. This fragmentation may explain why 

tensions arise between expectations and practical reality. 

5.3 Conceptual modelling 

The present study employs a mixed-methods explanatory research design to examine how the 

digitalisation of clinical trials affects operational performance. The conceptual model 

framework posits that the benefits of DCTs are not directly attributable to technology itself, but 

rather emerge through an operational causal chain: structural inputs drive changes in mediating 

operational processes (specifically patient recruitment, continuous communication, and remote 

data collection), which ultimately transform trial outcomes (duration, cost structure, and data 

quality). 

The integrated conceptual model (Figure 14) synthesises this macro-meso-micro transition 

logic based on the MLP (Geels, 2011). At the macro level, the digitalisation of the clinical 

research socio-technical regime is driven by technological evolution, regulatory reforms, and 

cost pressures. At the organisational micro level, the transition is interpreted through DC 

(Teece, 2007) particularly sensing, seizing and transforming, while Hungarian empirical 

research on digitalisation and innovation management provides contextual evidence on 

adaptive capabilities and organisational renewal (Csedő et al., 2019). The model also 

incorporates strategic technology management considerations, because the value of digital 

solutions depends on the alignment of technology choices with organisational capabilities and 

strategic priorities (Deutsch et al., 2019; Deutsch & Berényi, 2023). Site digital readiness is 

treated as a contextual condition linked to organisational readiness for change (Weiner, 2009) 

and to the change-management requirements identified in digitalisation research (Csedo et al., 

2017). Therapeutic complexity and HTA/RWE alignment are retained as further moderators, 

with the latter grounded in CEE evidence on the use and transferability of real-world evidence 

(Kaló et al., 2026; Kamusheva et al., 2022; Németh et al., 2023). 

From an economic perspective, the model formalises a fundamental shift in the financial 

architecture of clinical trials: 

 CAPEX vs. OPEX realignment: The implementation of DCTs requires a substantial 

initial CAPEX for software licensing, cyber-infrastructure, and training, creating 

immediate financial commitments. 
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 Long-term value creation: These upfront investments are offset over time by OPEX 

reductions achieved through accelerated recruitment, lower screen failure rates, reduced 

patient dropouts, and streamlined remote monitoring workflows (DiMasi et al., 2023; 

Fu et al., 2023). 

 Portfolio expected net present value (eNPV) optimisation: Beyond the direct site-level 

cost savings (estimated at 2.58-3.61% for Phase II-III trials), the monetary value 

generated by DCTs relies heavily on "soft money" operational returns. Such returns may 

take the form of reduced overall cycle times, earlier market entry, and improved 

portfolio-level eNPV. 

The model goes beyond immediate financial metrics by conceptualising DCT adoption as a 

transition at the ecosystem level rather than a series of isolated software implementations. This 

operational evolution entails a shift from a site-centric, episodic data-generation model to a 

continuous, patient-centric research-network paradigm. 

Nevertheless, the economic value realised through DCT approaches is context-dependent and 

non-uniform. The magnitude of return may be influenced by trial design (virtual versus hybrid), 

therapeutic indication, organisational readiness, and regional governance, including data-

protection and evidence requirements. This contextual interpretation is consistent with CEE 

research showing that the generation, use and transferability of real-world evidence depend on 

local data availability, governance arrangements, methodological expectations, expertise and 

system conditions (Kaló et al., 2026; Kamusheva et al., 2022; Németh et al., 2023). It is also 

consistent with strategic technology-management research emphasising the need to align 

technology investments with organisational capabilities and strategic priorities (Deutsch & 

Berényi, 2023). 

Consequently, the successful capitalisation of DCT investments requires institutional 

adaptation, including advanced data platforms, dynamic analytics, strategic cross-sector 

partnerships and the organisational capacity to redesign established routines. Research on 

innovation-induced organisational change in Hungary highlights the importance of 

organisational structures, culture, knowledge management and deliberate change processes in 

enabling innovation (Csedo et al., 2017; Csedő et al., 2019, 2022). 
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15 Structural, operational, and outcome relationships between digital and traditional clinical 

trial models 

Source: own compilation 

5.4 Integration of contextual moderating variables into the 

conceptual framework 

To enhance the structural model illustrated in Figure 14, and drawing on DC and contingency 

perspectives within strategic management (Csedő et al., 2019; Teece, 2007), the relationship 

between digital structural inputs and operational/economic outcomes is framed as conditional. 

Hungarian research on digital transformation further supports this interpretation by showing 

that technology-related change interacts with organisational structures, capabilities, culture and 

renewal processes (Csedő et al., 2019). Strategic technology-management research likewise 

emphasises adaptive competencies and the strategic integration of technology into 

organisational decision-making (Deutsch & Berényi, 2023). The operational efficiencies of 

DCTs are therefore not expected to be uniform; rather, they are influenced by several key 

contextual variables: 

1. Clinical trial phase: trial phase is treated as a moderator because the scale and operational 

configuration of decentralised components may differ across development stages. Later-phase 

trials often involve larger and more geographically distributed participant populations, whereas 

early-phase studies may require more intensive in-person supervision; consequently, the value 
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and feasibility of remote components should not be assumed to be uniform across phases 

(DiMasi et al., 2023). 

2. Therapeutic indication and procedural complexity: the feasibility and value of 

decentralisation depend on the extent to which a protocol relies on activities that can be 

performed remotely versus procedures requiring physical examination, imaging, invasive 

sampling or other site-based interventions. Therapeutic area is therefore treated as a contextual 

moderator rather than as a fixed predictor of DCT success. 

3. Organisational and site digital readiness: the digital maturity of the sponsor, the CRO, and 

the trial site serves as a crucial moderator. This construct is grounded primarily in organisational 

readiness for change (Weiner, 2009) and in change-management evidence showing that digital 

transformation requires appropriate competencies, leadership, communication and stakeholder 

management (Csedo et al., 2017). Hungarian technology-adoption research further indicates 

that user competence and perceived vulnerability can shape technology acceptance, although 

these findings come from higher-education samples and should therefore be treated as 

contextual rather than site-specific evidence (Berenyi et al., 2021; Deutsch & Berényi, 2023). 

4. Regulatory and data governance landscape: factors such as the speed of protocol approvals, 

eSignature validity, responsibilities across jurisdictions, and capabilities for cross-border data 

transfer are influenced by regional regulatory constraints. Regulatory adaptation and 

governance are therefore treated as contextual conditions of DCT implementation (European 

Medicines Agency, 2025; Yang, 2025). 
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6. SUMMARY AND FUTURE RESEARCH DIRECTIONS 

6.1 Research findings 

The research employed a systematic literature review methodology, supplemented by the 

Litmaps scientific tool. The variability of industry terminology posed a significant challenge to 

formulating the search query, thereby precluding assurance of comprehensive identification of 

all pertinent publications. This discrepancy is particularly pronounced given that the number of 

results from the conventional methodology (N = 2) differs considerably from the number 

reported by Litmaps (N = 19). A comprehensive review of extant literature revealed a 

discernible research gap concerning the precise quantification of DCT cost-effectiveness. 

The study's findings indicate that the increased use of digital technologies for precise data 

collection has a significant impact on R&D&I. The use of remote modes has been shown to 

facilitate widespread patient access, thereby promoting equity, inclusivity, and generalisability 

by reaching marginalised populations often missed by conventional methods. The potential of 

DCTs to achieve direct and indirect cost reductions is primarily attributable to their ability to 

optimise patient recruitment and reduce time-to-market. Nevertheless, to ensure the long-term 

economic sustainability of DCTs, patient-centredness and equity must remain firmly embedded 

in trial design. Measures such as the provision of equipment, training, community engagement, 

and hybrid participation models have been demonstrated to be effective in addressing the digital 

divide (Aiyegbusi et al., 2024; de Bruin et al., 2025; Jean-Louis & Seixas, 2024; Polhemus et 

al., 2018; Simmons et al., 2022). It is important to note that these actions represent investments 

that reduce recruitment and retention risks and enhance statistical validity. 

However, achieving competitive advantages and operational flexibility is contingent upon 

meticulous, trial-specific planning. The process of recouping investments in technological 

development and licensing necessitates prolonged trials and multi-use applications. In early-

phase (Phase I) trials, where the patient cohort is small and rigorous in-person monitoring is 

paramount, traditional and hybrid approaches remain the preferred option. Conversely, the 

unwarranted deployment of digital technologies can induce digital fatigue among personnel and 

participants. To avoid counterproductivity and the concomitant increase in patient burden, 

technology selection must be tailored to the specific therapeutic area and study design. 

It is imperative to establish a clear distinction between the sponsor's commercial requirements 

and the professional/medical KPIs essential to maintaining study quality. Achieving financial 
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and business objectives, including reduced cycle time, lower infusion costs, and accelerated 

market presence (ROI), is contingent upon the strict adherence to professional and operational 

KPIs (e.g., data integrity, patient safety, ePRO protocol compliance, doctor-patient satisfaction, 

and screening accuracy). 

In future research, exploration should be made of emerging technological and business 

domains, such as 'beyond-the-pill' service ecosystems, AI-driven protocol optimisation, digital 

twins, and Pharma 4.0 platforms. Empirical studies are recommended to examine how the 

adoption of these novel tools and global partner networks directly influences DCT trial budgets, 

economic viability, and overall ROI, thereby bridging current theoretical expectations with 

empirical evidence. 

The theoretical analysis indicates that DCTs are not merely technology-enabled variants of 

traditional models but paradigms that fundamentally transform the operational logic of trials. 

The selection of the trial model influences daily organisational processes, specifically patient 

recruitment patterns, staff-participant interactions, and high-frequency data collection. 

Consequently, shorter trial cycles, distinct cost structures, and high-temporal-resolution data 

are not isolated outcome metrics, but rather direct structural results of this reorganised 

operational framework. 

6.2  Scientific contribution 

The present study makes three principal contributions to the fields of science and business. 

Firstly, it provides a structured overview of the principal cost drivers associated with DCT 

implementation, explaining how digitalisation alters traditional trial cost structures. Secondly, 

it synthesises and critically evaluates the available evidence regarding recruitment efficiency, 

monitoring costs, retention outcomes, and development-cycle acceleration. Thirdly, it proposes 

an integrated conceptual framework that bridges economic and operational perspectives with 

patient experience, linking cost drivers and operational mechanisms to economic outcomes for 

pharmaceutical R&D portfolio management. 

Moreover, the findings offer practical implications across multiple stakeholder levels. 

 Sponsors and decision-makers: Performance evaluation must shift towards indicators 

that are time- and efficiency-sensitive and can capture indirect benefits, such as time 

savings and enhanced data quality. Furthermore, the implementation of technology 
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should be a gradual process, aligned with the organisational maturity model, in order to 

mitigate the risks associated with hasty or inadequately prepared implementation. 

 Clinical trial sites and investigators: The implementation of DHTs necessitates a 

deliberate restructuring of daily workloads. Achieving key operational successes is 

contingent on redesigning task allocations and integrating structured training into 

routine workflows. This approach has been demonstrated to reduce staff resistance and 

increase technology adoption. 

 Patient-centred design: User Experience (UX) testing should be an integral component 

of the design process. It is also important to address prevailing disparities in digital 

access and literacy, given their direct impact on patient engagement, overall experience, 

and trial inclusivity. 

 Regulators and senior leadership: The research emphasises the necessity of flexible, 

technology-neutral regulatory frameworks that can keep pace with rapid innovation. 

The establishment of controlled pilot environments is recommended to facilitate the safe 

testing of novel digital solutions whilst safeguarding patient safety and data integrity. 

6.3 Practical and managerial contributions 

6.3.1 Decision-making framework 

In order to transform the empirical and conceptual insights from this research into a practical 

tool for industry application, this section introduces a structured managerial decision-making 

framework and checklist (Figure 16-18). To operationalise the findings, this framework offers 

a fresh perspective on the adoption of DHTs challenging the traditional view of it as merely a 

binary technological upgrade. Instead, it is reframed as a strategic, multi-stage governance 

process that encourages a deeper understanding of digital transformation in modern contexts. 

The primary goal of this framework is to provide biopharmaceutical sponsors, CROs, 

technology vendors, and PIs with a practical roadmap for evaluating, organising, and executing 

DCTs. This approach aims to optimise ROI while minimising operational friction. 

The framework begins with protocol and therapeutic area feasibility, during which portfolio 

managers and clinical operations directors carry out a preliminary structural evaluation of the 

protocol's compatibility prior to committing resources to the onboarding of digital platforms. 
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16 Stage 1: Protocol and therapeutic area feasibility check 

Source: own compilation 

In this phase, leaders assess whether the study is a Phase II or Phase III trial that involves a 

large, geographically dispersed sample size, where the acceleration of recruitment directly 

affects the project timeline. This stands in contrast to early Phase I studies, which necessitate 

intensive, in-person clinical oversight. The evaluation focuses on the potential for capturing 

primary and secondary clinical endpoints through passive digital biomarkers, validated ePRO 

or eCOA, and wearable continuous monitoring sensors. This is particularly pertinent when 

targeting populations with rare diseases, those with mobility impairments, or geographically 

remote cohorts. If at least two feasibility criteria are satisfied, the trial will advance to the second 

stage. Conversely, if these criteria are not met, managers will opt to maintain a traditional, site-

centric operational model to avoid inducing "digital fatigue" among investigators and 

participants. 

 
17 Stage 2: Financial strategy - hard money vs. soft money alignment 

Source: own compilation 

A key insight from this study revolves around the temporal disconnect between immediate 

"hard money" expenditures - such as upfront software licensing, hardware validation, and 
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platform onboarding - and the delayed "soft money" returns, which encompass benefits like 

accelerated cycle times, enhanced temporal resolution of data, and reduced patient dropouts. 

This stage is crucial for ensuring the financial viability of the project before its execution.  

Stage 2 specifically highlights this critical issue: the timing gap between immediate costs and 

future benefits. Financial officers and programme directors must confirm the availability of 

upfront capital to manage initial expenses related to platform customisation and cybersecurity 

validation. This should be integrated with the monetisation strategies for market launch 

acceleration, taking into account daily opportunity losses estimated between $40,000 and $8 

million for each day of delay in their valuation models. Additionally, the operational plan must 

proactively implement hybrid or risk-based monitoring approaches to achieve an estimated 30-

40% reduction in CRA travel and site-monitoring overhead costs. 

To move forward to the final stage, it is essential that the eNPV and savings in cycle times 

sufficiently compensate for the initial costs associated with technology implementation. 

 
18 Stage 3: Site readiness, human factors, and change management protocol 

Source: own compilation 

Empirical evidence highlights that advanced DCT designs often face operational challenges 

stemming from investigator burden and friction in user interfaces. The final phase of the process 

focuses on fostering human-centric adoption and ensuring regional compliance. 

To alleviate administrative overload for site personnel, clinical research associates, site 

coordinators, and change management teams must spearhead the implementation of workflow-

integrated digital training, user-friendly single-sign-on interfaces, and round-the-clock 

technical helpdesk support. To promote digital equity and mitigate selection bias, the protocol 

mandates the distribution of pre-configured, cellular-enabled devices to participants, thereby 

accommodating varying levels of digital literacy. Additionally, regulatory affairs managers are 



 

   

 

127 

tasked with ensuring that the digital infrastructure fully complies with local regulations and 

infrastructural requirements, including GDPR compliance, EU CTR 536/2014 standards, and 

readiness for integration with national systems such as Hungary's EESZT. The full rollout of 

the hybrid or decentralised trial model will commence only after validating site readiness and 

change management protocols. 

The following table summarises the practical benefits of this decision framework for key 

industry actors: 

Stakeholder Group Primary Operational 

Dilemma 

Framework Value Add & 

Practical Output 

Biopharmaceutical 

Sponsors 

Unpredictable ROI and 

high initial CAPEX 

commitments.  

 

Provides a structured gate-system 

to monetise time-to-market savings 

and balance hard vs. soft money 

dynamics.  

 

CROs & Tech 

Vendors 

Overpromising technology 

capabilities leading to site 

resistance.  

 

Establishes realistic feasibility 

criteria, preventing commercial 

optimism bias and platform 

overload.  

 

PIs Administrative overload 

and digital fatigue from 

fragmented systems.  

 

Enforces a dedicated change 

management protocol and helpdesk 

support to reduce site-level 

operational burden.  

 

Patients & Patient 

Advocacy Groups 

High travel burden, digital 

exclusion, and privacy 

concerns.  

 

Guarantees provisioned device 

support, hybrid flexibility, and 

user-centric trial design.  

 

11 Key stakeholder value proposition 

Source: own compilation 

 

6.3.2 Integrated KPI matrix for DCT performance evaluation 

To systematically evaluate the economic and operational returns of DHTs biopharmaceutical 

sponsors and other stakeholders in clinical research require a well-balanced performance 

measurement tool. Traditional metrics often fall short in capturing the true value of digital 

transformation, as they tend to focus solely on immediate, direct costs, while overlooking 

essential factors such as time-to-market acceleration, risk mitigation, and improvements in data 

quality. 
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This study addresses the decision-making challenge between immediate "hard money" 

expenditures (direct capital and operational costs) and the long-term benefits of "soft money" 

returns (indirect gains related to operations, timing, and quality). To this end, an Integrated 

Management KPI Matrix has been established. 

The proposed framework categorises KPIs across two distinct operational dimensions: 

1. Portfolio & Financial Indicators (Hard Money / Sponsor-level): Quantifiable monetary and 

portfolio-valuation metrics directly tied to capital allocation, cycle-time acceleration, and 

time-to-market monetisation. 

2. Process & Operational Quality Indicators (Soft Money / Site- & Patient-level): 

Intermediate operational, behavioural, and data-integrity metrics that capture process 

efficiency, protocol adherence, and workload distribution. 

To successfully operationalise the Integrated KPI Matrix during the planning and execution of 

clinical trials, project leaders and biopharmaceutical executives must engage in a continuous, 

three-phase monitoring routine. Unlike the traditional method of assessing key metrics post-

trial, this structured approach integrates performance tracking throughout the entire life-cycle 

of the trial. During the preliminary pre-trial feasibility stage, known as baseline setting, 

operational management establishes benchmark targets for critical efficiency indicators, 

specifically the screen failure rate and the cost per enrolled patient. These targets are determined 

by analysing historical data from traditional trials conducted within the same therapeutic 

indication. As the trial moves into the active patient enrolment phase, the focus shifts to 

operational execution and mid-stream monitoring. In this stage, management is responsible for 

continuously overseeing real-time data flow metrics, including, but not limited to, data latency.  

Additionally, human-centric factors are monitored through the Investigator Burden Index. If 

monitoring reveals a sudden increase in missing data or an unacceptable rise in investigator 

fatigue, clinical operations teams can proactively implement targeted site-helpdesk 

interventions and streamline workflows to sustain data integrity and site-level engagement. In 

conclusion, once the trial process is complete, a thorough review of the existing portfolio (Post-

Trial Valuation) is conducted. At this juncture, management calculates the realised time-to-

market acceleration and reassesses the overall eNPV impact. This analysis translates 

operational outcomes into refined financial models that directly inform capital allocation 

strategies for future DCTs. 
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Dimension KPI Type  KPI Measurement Source & Formula Strategic & Practical Business 

Impact 

Portfolio & 

Financial 

(Hard 

Money) 

Sponsor / 

Portfolio-

Level 

eNPV Financial portfolio models 

discounted for clinical success 

probability.  

 

Preserves and maximises overall 

portfolio capital value across multi-

year development life-cycles.  

 

  Cost per 

Enrolled 

Patient 

Sponsor/CRO trial budget 

accounting: 

 
Total Recruitment Expenditure

Enrolled Patients
 

 

 

Evaluates the cost-efficiency of 

digital recruitment vs. traditional 

site screening.  

 

  Time-to-

Market 

Acceleration 

Clinical trial milestone tracking 

(SIV to Data Lock duration vs. 

baseline).  

 

Monetises cycle-time savings by 

avoiding daily opportunity losses 

estimated between $40,000 and $8M 

per day of delay.  

 

  OPEX 

Reallocation 

Ratio 

Financial balance sheet: 

 

 
Digital Platform & Remote Services Cost

Saved On-Site Travel & Administrative Fees
 

Measures the structural shift from 

fixed physical site overheads 

 to flexible technology platform 

licenses.  

 

Process & 

Operational 

Quality 

(Soft Money) 

Process 

Efficiency 

Screen 

Failure Rate 

EDC / AI pre-screening database: 

 
Screened Patients - Enrolled Patients

Total Screened Patients
× 100 

Reduces unnecessary laboratory, 

diagnostic, and site visit expenses 

by targeting eligible participants 

early.  
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  Patient 

Retention & 

Dropout Rate 

ePRO / eCOA compliance logs: 

 
Withdrawn Participants

Total Randomized Participants
× 100 

Minimises protocol non-completion 

risks, preventing costly sample size 

recalculations or trial repetitions.  

 

 Data & 

Technology 

Data Latency 

& 

Missingness 

Cloud audit trail logs: Time 

elapsed between remote data entry 

and centralised EDC verification.  

 

Enables real-time safety signal 

detection and cuts data 

cleaning/lock timelines 

significantly.  

 

 Human 

Factors 

Investigator 

Burden 

Index 

Standardised site survey measuring 

system usability and admin time 

spent per participant.  

 

Monitors and mitigates investigator 

digital fatigue, reducing site-level 

resistance and system misuse.  

 

 

12 Integrated KPI matrix for evaluating DCT 

 

Source: own compilation
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6.4 Limitations of the research and areas for improvement 

To ensure a balanced and critical interpretation of the findings, it is necessary to acknowledge 

the methodological, empirical, and contextual limitations of this study.  

A fundamental methodological limitation of the research stems from the nature of the sampling 

strategy. Participants were selected through targeted sampling, focusing on experts who play a 

relevant role in conducting domestic clinical trials, have direct experience with digital 

components, and have at least 5 years of professional experience. Whilst this approach 

guaranteed the accumulation of data-rich, in-depth qualitative information, it concomitantly 

restricts the generalisability of the findings to broader international settings. Furthermore, 

potential participants who were developers or owners of digital solutions were excluded to 

prevent conflicts of interest, thereby strengthening internal validity but concomitantly 

narrowing the scope of the included technological perspectives. To avoid sampling bias from 

the over-representation of sponsors, I intended to interview a variety of stakeholders. However, 

as outlined below, this was not possible for the reasons subsequently described. By their own 

admission, the respondents did not possess such information; however, the questionnaire's focus 

on personal data and sensitive corporate information may also have led to the negative attitude 

they exhibited.  

The procurement of multi-stakeholder representation also proved challenging. Despite repeated 

attempts, formal regulatory perspectives (e.g., from the NNGYK) could not be integrated into 

the primary research due to institutional data availability constraints. Similarly, direct access to 

clinical trial participants was subject to stringent restrictions imposed by rigorous health data 

protection regulations (GDPR). In consideration of the sensitivity inherent to health data, legal 

provisions have been established to govern the process of contacting study participants. 

However, to represent the limited patient perspective, an approach was made to patient 

organisations, who in turn forwarded the interview invitation to patients they were able to 

contact. In this manner, I received three responses, one of which resulted in an interview. Given 

the specialised nature of the research topic, open social media platforms were not considered a 

suitable means of recruitment. 

Furthermore, there was an absence of groups that might have been relevant to the subject. 

Notwithstanding, even if such knowledge had been available, it would have been possible to 
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anticipate only incomplete information, given that study participants generally possess no 

understanding of the financial aspects. Despite the valuable insights provided by patient 

organisation representatives, direct input from active trial participants remained limited. 

Beyond the constraints of empirical data collection, significant limitations arise from the 

existing evidence base and the methodological literature analysed in the SLR. The number of 

peer-reviewed empirical studies explicitly evaluating the cost-effectiveness of DCTs remains 

limited. The field is characterised by inconsistent terminology, with studies referring to 

decentralised, virtual, digital, site-less, or hybrid trials interchangeably. This absence of 

terminological standardisation engenders inherent search constraints and increases the 

likelihood that relevant studies employing alternative keywords may have been overlooked 

(Santa-Ana-Tellez et al., 2023; Vayena et al., 2023). Despite the utilisation of Litmaps citation 

mapping to facilitate source identification, inadvertent omissions remain possible. 

Moreover, the extant evidence is susceptible to commercial vendor and publication bias. A 

substantial proportion of the quantitative economic evidence is derived from vendor white 

papers, consultancy reports, and sponsor-supported financial simulations (IQVIA, 2022a). 

These sources place significant emphasis on the highly favorable outcomes achieved, including 

reductions in monitoring costs of up to 46.2% and cycle time improvements of almost 49%. 

However, there is a paucity of data on implementation expenditures for platform onboarding, 

organisational change management, integration with legacy systems, and cybersecurity (Daly 

et al., 2024; Jiang et al., 2025; Tenti et al., 2025). Consequently, the economic benefits 

presented in such sources may reflect best-case implementation scenarios rather than routine 

operational reality. 

Methodological heterogeneity across available studies further restricts external validity. The 

included literature varies considerably in terms of research design, underlying assumptions, 

therapeutic focus, and operational context. Model-based studies reporting substantial 

operational efficiencies typically assume optimised multicentre Phase II or Phase III trial 

designs (DiMasi et al., 2023; IQVIA, 2022b), whereas retrospective observational studies 

evaluate hybrid implementations within specific therapeutic areas (Fu et al., 2023). 

Consequently, cost savings and ROI estimates must be interpreted as context-dependent 

outcomes shaped by protocol complexity and sponsor capabilities, rather than as universally 

achievable benchmarks. 
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A further challenge is the limited availability of transparent financial data. Sponsors generally 

regard detailed trial budgets, site-level expenditure, and unit-cost structures as commercially 

sensitive. Consequently, peer-reviewed research relies heavily on industry benchmarks and 

indirect simulation models rather than observed cost data (DiMasi et al., 2023; Sertkaya et al., 

2024), which restricts precision and independent validation. 

The economic impact of DCTs varies significantly by trial phase and therapeutic area. Large 

Phase II and III studies, involving geographically dispersed populations, benefit most from 

remote recruitment and centralised monitoring. Conversely, Phase I trials and protocols that 

require intensive in-person assessments or complex interventions (e.g., oncology) are not 

readily amenable to replacement with site-based activities. In such cases, sponsors face cost 

duplication, as they must maintain traditional site infrastructure while simultaneously funding 

digital platforms and remote logistics (Kijewski et al., 2026; Getz et al., 2023; Sertkaya et al., 

2024). Furthermore, initiatives aimed at addressing the digital divide (i.e., the provision of 

devices, internet access, and technical support) often result in operational expenses that are 

frequently omitted from financial models (Aiyegbusi et al., 2024; de Bruin et al., 2025; Jean-

Louis & Seixas, 2024; Moore et al., 2022). 

The generalisability of these findings may be limited by geographical and regulatory 

constraints. A significant portion of published economic evaluations originates from healthcare 

settings in North America and Western Europe. As a result, differences in infrastructure, 

funding mechanisms, labour costs, and data governance - such as the distinctions between the 

EHDS and U.S. regulatory standards - impede the direct applicability of these cost-saving 

estimates to emerging markets, particularly within the clinical research landscape of Central 

and Eastern Europe (de Jong et al., 2024). This non-transferability is even more pronounced in 

Hungary, where clinical research is predominantly concentrated in university centres and public 

hospitals (Orosz, 2022). The specific systemic and regulatory characteristics of this national 

framework create substantial barriers to the seamless adoption of international methodologies. 

This situation has led to an underutilisation paradox regarding the EESZT. Although Hungary 

boasts one of the most sophisticated centralised digital health data infrastructures, which 

theoretically provides an ideal foundation for retrospective patient screening and RWE 

generation, its operational potential remains largely untapped. This limitation is largely due to 

a lack of interoperability between the EESZT and international clinical trial platforms, further 

complicated by overlapping legal, data protection (GDPR), and technical restrictions. Systemic 

capacity deficits and widespread digital fatigue exacerbate these structural challenges. Within 

the strained public healthcare sector, investigator-physicians, already facing excessive 
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workloads, often resist the adoption of new digital tools. They view these innovations as 

additional administrative and technical burdens rather than as solutions that enhance efficiency. 

Additionally, domestic pharmaceutical authorities and ethics committees tend to adopt a more 

conservative stance towards the approval of fully decentralised (siteless) trial models compared 

to their counterparts in Western Europe and the United States, thereby hindering the local 

implementation of contemporary trial paradigms. 

In the rapidly evolving technological landscape of clinical research and development, the 

challenge of patient recruitment has led to a decline in the number of clinical trials conducted 

in Hungary. Concurrently, the emergence of data-driven trials and the transformation of global 

resource allocation have precipitated a shift in research activity to Eastern Europe. The 

economic and practical feasibility of DCTs in this region is fundamentally determined by the 

readiness of the local infrastructure and the willingness of patients to cooperate. In view of the 

aforementioned, the domestic market should prioritise the implementation of hybrid models 

that balance physical surveillance and digital data collection to ensure patient safety. 

The methodological limitations of the current research findings are primarily attributable to the 

sample, the interpretative nature of the qualitative methods, and the context-dependent results. 

Consequently, contemporary economic appraisals of DCTs should be approached with a degree 

of circumspection. 

To enhance the methodological and practical rigour of future research, it is essential to make 

concerted efforts in ensuring the consistent application of mixed methods, with a focus on 

explicit data integration and the strategic utilisation of convergence matrices. In alignment with 

the integration recommendations put forth by Fetters et al. (2013), newly identified 

contradictions should form the basis for developing targeted follow-up research questions. 

Decision-makers would also benefit from the implementation of joint displays, which offer a 

concise overview of the available evidence and pinpoint specific areas that require further 

empirical investigation. To facilitate this process, cost accounting frameworks should be 

established that are standardised, transparent, and empirically grounded. These frameworks 

should be supported by ongoing data collection across a diverse range of clinical trial portfolios, 

encompassing both multicentre and multicomprehensive studies. 
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6.5 Presentation of further research directions 

One possible direction for further extending the research is to expand the sample through in-

depth interviews or structured questionnaire data collection, which would allow for a broader 

validation of the findings. In addition, using clinical trial databases, it may be worthwhile to 

conduct analyses examining trends and proportions related to the use of DCTs. Although these 

data sources typically do not contain specific cost items, they may be suitable for comparative 

analysis of the use and prevalence of DHTs at national, EU and global levels. A further potential 

avenue for data collection is to re-engage with regulatory authorities, as although they generally 

do not possess direct cost information, data on regulatory approval rates and regulatory 

experiences regarding DCTs can contribute to a more comprehensive understanding of the 

phenomenon. 

6.5.1 Opportunities for developing the research methodology 

Given the complexity of the topic under investigation and the rapidly changing environment of 

DCTs, the research methodology can be further developed in several directions. The following 

recommendations, building on one another, can contribute to increasing the validity, 

generalisability and practical relevance of the findings. 

6.5.1.1 Incorporation of empirical, primary data collection 

The current approach, based on narrative and secondary sources, could be supplemented with 

primary empirical data, such as an analysis of the cost structures of sponsors, CROs or trial 

sites. Structured questionnaire surveys or semi-structured interviews could provide a more 

accurate picture of actual expenditure, the time-series of costs, and the real cost-benefit ratios 

of individual DHT components. 

6.5.1.2 Application of standardised cost definitions and categories 

The methodology could be improved by introducing a uniform cost category system that 

distinguishes between fixed and variable, direct and indirect, and one-off and recurring costs. 

This would reduce the distortions arising from the differences in definitions frequently found 

in the literature and enable comparability between different studies. 



 

   

 

136 

6.5.1.3 Phase-, indication- and geography-specific analyses 

The accuracy of the research would be significantly enhanced by a stratified analysis that 

examines Phase I-IV trials, different therapeutic areas (e.g. oncology, neurology, rare diseases), 

and different geographical and regulatory environments separately. This would help avoid 

generalisations in cases where the cost-effectiveness of DCTs varies markedly. 

6.5.1.4 Application of quantitative cost-benefit and life-cycle analysis 

The methodology could be further developed through quantitative cost-benefit analysis and a 

life-cycle cost approach. This would enable quantification of the extent to which initial 

technological and compliance investments are recouped over the entire duration of the trial, or 

at a portfolio level spanning multiple trials. 

6.5.1.5 Integration of outcome and quality indicators 

The current focus is primarily on cost structure; the methodology could be strengthened by 

incorporating data quality, patient safety and retention indicators. Linking these to costs would 

make it possible to examine whether DCTs are not only cheaper or more expensive, but also 

more effective in scientific and clinical terms. 

6.5.1.6 Longitudinal and portfolio-level approaches 

Future research could benefit from the analysis of longitudinal data that tracks changes in cost 

structure across multiple consecutive trials or over a period of several years. This would be 

particularly suitable for exploring the economic impacts of scalability and institutional learning. 

6.5.1.7 Sensitivity and design analyses 

The robustness of the methodology could be enhanced by applying sensitivity analyses that 

examine how changes in key parameters (e.g. patient numbers, dropout rates, technology 

licence fees, regulatory requirements) affect total costs. In parallel, a comparison of different 

trial designs (conventional, hybrid, fully decentralised) would also be warranted. 
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6.5.1.8  Incorporating a multi-stakeholder perspective 

Finally, the methodology could be enhanced by explicitly incorporating a multi-stakeholder 

perspective. Sponsors, CROs, trial sites, patients and regulatory authorities have differing 

perceptions of costs and value; therefore, a parallel examination of these could provide a more 

nuanced picture of the true economic and social impacts of DCTs. 

In summary, the direction of methodological developments clearly points away from a 

narrative, descriptive approach towards more structured, quantitative and empirically supported 

analyses. Such a strengthened methodology would enable the cost structure of DCTs to be not 

merely the subject of conceptual comparison, but to become a well-founded decision-support 

tool in the formulation of clinical development strategies. 
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Appendices 

1. Appendix: Comparative table of the structure of traditional clinical trials and 

the structure of digital clinical trials 

Dimension Aspect Traditional clinical trial Digital clinical trial 

Patient access and 

recruitment 
Patient reach 

Limited access, dependent 

on geographical proximity 

and travel options 

Geographically diverse population; 

patients in rural areas and those with 

limited mobility can also be 

included 

 
Method of 

inclusion 

On-site recruitment, face-

to-face interviews; slower 

recruitment, higher dropout 

rates 

Online registration, digital 

advertisements, automated/AI-based 

pre-screening; faster and more cost-

effective recruitment 

Patient 

communication 

and experience 

Patient 

communication 

Telephone appointments, 

face-to-face meetings 

Mobile apps, video calls, chat 

functions 

 

Patient 

experience and 

retention 

Time-consuming and 

travel-intensive, high 

participation burden 

Greater convenience and flexibility, 

improved satisfaction and retention 

On-site and 

organisational 

structure 

Study sites 
Centralised clinical centres, 

hospitals 

decentralised model: patient’s home, 

telemedicine, partially or fully trial-

at-home 

 Logistics 
Transport of samples 

between sites 

Home sampling kits, digital data 

transmission 

Study 

methodology 
Test procedures 

Physical examinations, on-

site laboratory sampling 

Remote monitoring, 

teleconsultations, wearable devices 

Data collection 

and data 

management 

Data collection 

On-site measurements, 

paper-based CRF or EDC; 

episodic data points 

Continuous or high-frequency data 

collection (ePRO, DHTs, wearables) 

 
Data management 

method 

Paper-based 

documentation, manual 

data entry 

Electronic data collection, cloud-

based storage, automated processing 

 Data quality 

Controlled environment, 

less frequent 

measurements; ‘white-

coat’ effect and missing 

data 

More frequent/continuous 

measurement; fewer missing data 

points, but risks associated with 

technical and device variability 

Monitoring and 

safety 
Monitoring 

Scheduled on-site 

monitoring visits 

Remote monitoring, hybrid or fully 

virtual model 

 Safety assessment 
Periodic, pre-planned 

assessments 

Real-time monitoring based on 

connected devices 
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Technology 

infrastructure 
Technology used 

Core software, limited 

integration 

Integrated platforms (EDC, eCOA, 

eConsent), wearables, API-based 

processes 

Human resources 

and costs 
Staff 

On-site researchers and 

coordinators 

decentralised teams, remote carers, 

virtual support 

 Cost structure 

High on-site overheads 

(infrastructure, staff, 

monitoring) 

Lower site overheads, new cost 

elements: technology, logistics, 

remote monitoring 

Time dimension 
Duration of the 

study 

On average 6-8 years 

(Phases I-III) 

On average 4-6 years (faster 

recruitment and data processing) 

Regulatory 

environment 

Regulatory 

compliance 

Stable, well-established 

requirements; on-site 

audits, GCP inspections 

Evolving guidelines (FDA, EMA 

DCT guidance), data protection and 

IT audit requirements 

 

Source: own compilation 
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2. Appendix: Factors influencing the sustainability of DCTs 

Sustainability category Key factors Characteristics 

Social / Equity Patient trust and ethical issues 

Trust and transparency in the secure 

handling of personal and health data. 

 Digital access and equality 

Ensuring access to devices and the 

internet; reducing the digital divide. 

 Health and digital literacy 

The ability of participants and 

communities to use digital platforms. 

 User-friendly design Influences social acceptance. 

 

Social determinants, 

technology provision 

Addressing local economic, 

educational, linguistic and 

infrastructural disadvantages; 

providing the means for participation. 

 

Community engagement, 

integration 

Community partnerships, cultural fit, 

inclusive recruitment. 

Economic 

Long-term ROI and 

operational efficiency 

Larger-scale trials have high potential 

for ROI. 

 Scalability 

The global and LMIC adaptability of 

digital solutions. 

 Sustainable funding model 

Multi-year funding, milestone-based 

resource allocation. 

 Initial technology investments 

Significant upfront costs for 

infrastructure, data security and 

training. 

Infrastructure / Technology 

Interoperability and data 

standards 

Uniform, validated, harmonised 

systems; prevention of fragmentation. 

 

Digital infrastructure and 

internet access 

Stable network environment, device 

provisioning, data centre infrastructure. 

 Ongoing technical support Ensuring reliable operation. 

 

Training and capacity-building 

needs 

Local skills development, long-term 

training programmes. 

Regulatory 

Regulatory alignment and 

harmonisation 

Addressing FDA-EMA differences; 

uniform operational frameworks. 

 Data quality assurance 

Continuous validation, audits, 

transparent data flow. 

 

Transcultural and regional 

adaptability 

Adapting guidelines to demographic 

and contextual differences. 
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Environmental Reducing the carbon footprint 

Reducing travel, logistics and 

administrative burdens, and 

significantly reducing CO₂ emissions. 

 Logistical trade-off14 

Home delivery may increase transport 

emissions; optimisation is required. 

 

Energy requirements of digital 

infrastructure 

Operational emissions from data 

centres and servers. 

 

Sustainable technological 

solutions 

Green data centres, renewable energy, 

full life-cycle management of 

equipment. 

Organisational / Institutional 

Political and institutional 

commitment 

Long-term strategic vision and stable 

support framework. 

 Expert capacity 

Ensuring a workforce of trained 

researchers and data managers. 

 

Partnership networks and 

system integration 

Integration at the level of the 

healthcare system; avoiding the pilot 

project syndrome. 

 

Context-specific infrastructure 

assessment 

Design and adaptation tailored to the 

local environment. 

 

Source: own compilation 

  

                                                 
14 logistics trade-off: when making a logistics decision, achieving one objective (e.g. cost reduction) may come at 

the expense of another (e.g. faster delivery, better quality), as resources in logistics systems are finite and it is not 

possible to maximise multiple objectives simultaneously; therefore, a compromise must always be struck between 

different performance objectives - such as cost, speed, quality and flexibility - to find the optimal balance. 



 

   

 

160 

3. Appendix: Comparative table of the main cost categories determining traditional 

and digital clinical trials 

Cost category Traditional clinical trial Digital clinical trial 
Main structural 

difference 

Planning and 

regulation 

Traditional protocol, site-

based design; multiple local 

authorisations and ethical 

approvals 

Supplementary DCT design, 

data protection and digital 

process descriptions; fewer 

physical sites 

Planning complexity 

is shifting towards 

technology 

Site structure and 

start-up 

Many physical sites; high 

site start-up, training and 

contractual costs 

Fewer or virtual sites; lower 

site fixed costs, platform roll-

out required 

Physical infrastructure 

↓, digital 

infrastructure ↑ 

Trial operations 

(site and 

investigator fees) 

Frequent on-site visits, 

significant administration; 

~30% of the budget 

Fewer on-site visits, partly 

remote care; new service fees 

emerge 

On-site operations 

reduced, hybrid 

operation 

Monitoring and 

quality control 

Regular on-site monitoring, 

high travel and staff costs 

Remote and risk-based 

monitoring; less frequent 

physical visits 

Monitoring costs 

significantly reduced 

Patient recruitment 

Relies on medical networks 

and site screening; slower, 

high per-patient costs 

Digital campaigns, direct 

online recruitment; faster 

enrolment 

10-25% cost 

reduction, shorter 

recruitment 

Patient visits and 

compensation 

On-site visits requiring 

travel, significant 

reimbursement and logistics 

More telemedicine and home 

data collection; lower travel 

costs 

Reduced burden and 

costs for patients 

Sampling and 

logistics 

Site-specific sampling, 

central laboratory 

Home health nurse, local 

laboratories, direct-to-patient 

logistics 

May be more 

expensive per unit, 

but fewer site-specific 

costs 

Data collection and 

data management 

EDC + paper-based 

elements; more manual data 

entry and cleaning 

Integrated EDC, eCOA, 

eDiary; higher platform fees, 

less manual work 

Increased automation, 

faster data processing 

Technology and IT 

security 

Minimal digital tools; low 

licensing costs, high human 

resource requirements 

DHTs, wearables, eConsent; 

increased GDPR and 

cybersecurity costs 

Significant initial and 

ongoing technology 

costs 

Project 

management and 

overhead 

Coordination of many sites; 

high administrative overhead 

Fewer sites, more vendors and 

technology partners 

Overheads are being 

restructured 

 

Source: own compilation 
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4.  Appendix: List of participants in expert interviews 

  Expert’s name Place of work Position Relevant 

experience 

Date of interview 

1. 

  

Dr Zsolt 

Szombathelyi 

Richter Gedeon 

Plc. (Sponsor) 

Advisor to the 

CEO 

40+ years 23 September 2025, 10:00 

2. Dr Balázs 

Szatmári 

Richter Gedeon 

Plc. (Sponsor) 

Chief Medical 

Officer 

14+ years 3 October 2025, 09:30 

3. Dr Tamás Joó Semmelweis 

University EKK 

Centre for 

Healthcare 

Management 

(Expert) 

Deputy Director, 

Associate 

Professor, data-

driven 

healthcare expert 

14+ years 22 October 2025, 10:00 

4. Dr Borbála 

Szepes 

Richter Gedeon 

Plc. (Sponsor) 

Early Phase 

Clinical Project 

Team Lead 

7+ years 29 October 2025, 

14:00 

5. Dr Ágota 

Barabássy 

Richter Gedeon 

Plc. (Sponsor) 

Medical Affairs 

CNS Team Lead 

Ages 13 

and over 

13 November 2025, 10:00 

6. Dr Zoltán 

Hujber 

Richter Gedeon 

Plc. (Sponsor) 

Late Phase 

Clinical Project 

Team Lead 

6+ years 18 November 2025, 13:00 

7. Dr Judit 

Harsányi 

Richter Gedeon 

Plc. (Sponsor) 

Manager of 

Global Clinical 

Operations 

10+ years 21 November 2025, 09:30 

8. Zsuzsanna 

Bojtor 

RIROSZ 

(Patient 

organisation) 

Professional 

Coordinator 

  25 November 2025, 09:00 

8. Dr Gábor 

Pogány 

RIROSZ 

(Patient 

organisation) 

President 20+ years 25 November 2025, 09:00 
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9. Dr István 

Kerekes 

Richter Gedeon 

Plc. (Sponsor) 

Senior Clinical 

Project Manager 

11+ years 2 December 2025, 09:00 

10 Dr Klára Hajnal Participant Retired 

university 

lecturer 

has had a 

rare 

condition 

for over 13 

years 

13 January 2026, 13:00 

11 Dr Szilvia 

Harsányi 

Research 

Professionals 

CRO 

decentralised 

Clinical Trial 

Operations 

Manager 

5+ years 29 January 2026, 09:00 

12 Dr Bálint 

Hajduska-Dér 

Semmelweis 

University, 

Department of 

Psychology and 

Psychotherapy 

(PI) 

Specialist 

psychiatrist, 

psychotherapist 

9+ years 10 March 2026, 10:00 

13 Dr Róbert 

Takács 

Albert Szent-

Györgyi 

Clinical Centre, 

Department of 

Internal 

Medicine (PI) 

Senior 

Consultant, 

Diabetologist, 

Endocrinologist, 

Internist, 

Hypertension 

Specialist, 

Obesity 

Specialist, 

Clinical 

Pharmacologist 

 20+ years 18 March 2026, 13:00 

  

The regulatory authority is an unrepresented group (n= 0). Based on their response to the 

inquiry, they do not have the requested data.  
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5.  Appendix: Standard set of questions for expert interviews 

The use of digital health technologies (DHTs) has now become commonplace; consider the 

countless health apps, home patient monitoring and wearable devices, telemedicine, or the use 

of electronic health records (EHR). In addition to software supporting digital therapies, the 

range of virtual modelling and design, advanced diagnostic capabilities, and predictive 

analytics-such as AI/VR/AR-based solutions-is growing ever longer. The use of remote 

solutions outside the clinical trial site has become possible in connection with the so-called 

decentralised clinical trial approach. By utilising the technologies listed above, DCTs can be 

conducted more efficiently, enabling the remote involvement of participants, more accurate and 

continuous data collection, and the faster and more cost-effective conduct of trials. 

1.      What disruptive technological developments would you mention that, in your 

experience, have revolutionised the field of clinical trials? Which of these have been 

a great success because they have become widespread/popular/easy to use etc. 

worldwide, and which have fallen short of expectations? 

2.      What is your experience with the use of DHT in clinical trials? 

3.      Could you give an example of a case where digitalisation improved a traditional 

clinical trial, or one where the trial was made possible specifically because of 

digitalisation and something new was achieved as a result? 

4.      If you used DHT in any aspect of a digital clinical trial, what was the primary problem 

you were trying to solve? What benefits did you experience during its use? 

5.      What challenges and obstacles did you identify when integrating this type of 

technology into a clinical trial? 

6.      What further benefits and challenges might arise in digital clinical trials compared 

to traditional clinical trials? 

7.      In your experience, will the structure of digital clinical trials be a key focus in 2026? 

To what extent does this manifest itself during the planning phase (e.g. willingness 

to invest/monopolistic service providers/selection of region/selection of principal 

investigators/regulatory compliance, etc.) and during implementation (e.g. patient 

recruitment/willingness to participate/data processing, etc.)? 

8.   From a scientific and/or innovation perspective, is it more obvious or popular today 

to conduct digital clinical trials, or is there any indication of such expectations or 

pressure from competitors? Do you see any risks in this regard, and if so, what are 

they? 
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9.      In your opinion, how can the aforementioned risks be mitigated? 

10.   Do you think the trial could place a greater burden on digital clinical trial 

stakeholders? If so, how can these burdens be reduced, or perhaps eliminated? 

11.   How do the cost structures of digital and traditional clinical trials differ? How do 

DHTs affect the costs of clinical trials? 

12.   Which costs can be reduced or optimised using DHT solutions? What hidden costs 

do you see in digital clinical trials? 

13.   In your experience, what short- and long-term financial impacts might the use of 

DHT have? 

14.   Please give an example of a DHT solution or service that has led to significant cost 

savings, even though this was not expected, or one where savings were expected but 

did not materialise. 

15.   How can the financial benefits of a digital clinical trial be measured? What key 

performance indicators (KPIs) would you mention? What are the advantages and 

disadvantages of the metrics used? 

16.   How do you think the cost-benefit/cost-effectiveness profile of the DHT used in the 

trial can be determined? 

17.   How would you assess the return on investment (ROI) of a digital clinical trial? 

18.   Could you share any examples where DHTs have increased the profitability of a 

clinical trial? What strategies were used in these cases that helped to increase 

profitability? 

19.   In your view, is there a common best practice among them, or are the cases unique? 

What lessons can be drawn from these examples for future clinical trials? 

20.   What would you recommend to ensure that the potential of DHT solutions is 

exploited as widely as possible? 

21.   What do you expect from DHT in the longer term? How do you expect it to reshape 

the market? Could new players enter the market? 

22.   Please rate your agreement with the following statements on a scale of 1 to 4 

(strongly disagree - strongly agree). 

In my experience, the use of the digital clinical trial concept has a positive impact on…: 
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  I strongly 

disagree 

I tend to 

disagree 

I tend to 

agree 

I completely 

agree 

on the clinical 

applicability/acceptance of 

DHT 

        

the design of the trial protocol         

the selection of the principal 

investigator 

        

the regulatory approval 

process 

        

compliance with regulations         

reducing the number of 

protocol amendments 

        

to improve the screening error 

rate/the inclusion process 

        

patient engagement / trust         

patient retention rates         

ensuring data security         

the volume of data collected         

the quality / reliability / 

information content of the data 

collected 
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the usability / processability of 

the collected data 

        

patient-centred care         

doctor-patient communication 

/ relationship 

        

the process of reporting 

adverse events 

        

the duration of the 

investigation 

        

to reduce testing costs / 

improve cost-effectiveness 

        

to ensure a return on testing 

costs 

        

  

23.   In your opinion, what important factors were not mentioned in the interview but 

would be worth discussing? 

24.   Who do you think would be worth interviewing on this topic? 
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6.  Appendix: MAXQDA code frequency matrix and heat map showing 

subcategories 
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7. Appendix: MAXQDA code relation matrix with subcodes 
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