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BUILDING THE ECOSYSTEM THAT MAKES INVESTIGATOR-INITIATED CLINICAL TRIALS
POSSIBLE.

Commentary

Investigator-initiated clinical trials (IICTs), also referred to as non-commercial clin-
ical trials (NCCTs), have become an indispensable component of evidence-based medicine.
By addressing clinically relevant questions that are often beyond the scope of commercially
sponsored research, they generate independent evidence for optimizing existing treatments,
improving healthcare delivery, and addressing unmet medical and public health needs. Con-
sequently, academic clinical research plays a pivotal role in advancing patient-centred
healthcare and informing clinical decision-making.

Over the past two decades, the environment in which NCCTs are conducted has
evolved considerably. Increasing regulatory requirements, growing methodological com-
plexity, advances in data science, and expanding expectations for patient and public involve-
ment have fundamentally transformed the design, implementation, and evaluation of aca-
demic clinical research. At the same time, European research infrastructures and multina-
tional research networks have created unprecedented opportunities to conduct high-quality
I1CTs capable of generating evidence with direct clinical and societal relevance. These de-
velopments have progressively shifted academic clinical research from the conduct of indi-
vidual investigator-driven studies towards an interconnected research ecosystem in which
scientific, methodological, regulatory, infrastructural, and societal components jointly de-
termine whether clinically relevant questions can be translated into meaningful evidence
and, ultimately, improvements in healthcare.

Unlike traditional habilitation theses that focus on a single disease area or therapeutic
intervention, this work adopts a systems perspective on clinical research. Rather than exam-
ining individual clinical trials in isolation, it explores the interconnected components that
determine their success, including methodological innovation, regulatory science, collabo-
rative research infrastructures, investigator competence, patient engagement, and implemen-
tation into clinical practice. Collectively, these elements form the ecosystem through which
I1CTs translate unmet clinical needs and scientific questions into measurable improvements
in patient care and public health.

This habilitation thesis is presented as a collection of the author's published scholarly
works accompanied by an integrative commentary. The publications document the evolution
of the author's research from clinical pharmacology and IICTs towards methodological re-
search, European clinical research infrastructures, capacity building, patient engagement,
and public health evaluation. Rather than representing separate research areas, these contri-
butions address complementary components of the IICTs lifecycle. Together, they illustrate
how high-quality academic clinical research extends beyond the conduct of individual stud-
ies to encompass the broader processes that enable the generation, implementation, and dis-
semination of clinically meaningful evidence. Their integration provides the basis for the
conceptual framework developed in this habilitation thesis, linking clinical need, research



methodology, regulatory and infrastructural support, trial delivery, evidence generation, pa-
tient involvement, and implementation into clinical practice and public health.

The thesis is organised into three interconnected parts reflecting this scientific develop-
ment:

- The first part introduces the methodological, regulatory, and organisational founda-
tions of I1CTs within the European context.

- The second part demonstrates these principles through selected 1ICTs and multina-
tional collaborative research initiatives, illustrating their contribution to clinical in-
novation and public health.

- The third part examines broader system-level aspects of academic clinical research,
including research capacity building, patient recruitment, inclusiveness, transpar-
ency, and patient and public involvement, highlighting their importance for the long-
term sustainability and societal impact of NCCTs.

Each chapter combines an overview of the current state of knowledge with a critical
discussion of the author's original scientific contributions. Taken together, the published
works presented in this habilitation thesis support the central premise that the impact of
IICTs depends not only on scientific excellence but also on the successful integration of
robust methodology, supportive regulatory frameworks, collaborative research infrastruc-
tures, investigator competence, and meaningful patient engagement. This integrative per-
spective forms the central conceptual basis of the thesis and provides a framework for un-
derstanding how IICTs can progress from the identification of unmet clinical needs to the
generation of evidence with measurable impact on patient care and public health.
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ABSTRACT

Abstract

Non-commercial clinical trials (NCCTSs), including investigator-initiated clinical tri-
als (IICTs), play an important role in addressing clinically relevant questions that are fre-
quently beyond the scope or priorities of commercially sponsored research. They contribute
to optimising existing therapies, comparative effectiveness research, drug repurposing, pre-
cision medicine, advanced therapy medicinal products, and other areas of high clinical and
public health importance. However, their successful implementation and potential transla-
tion into healthcare benefit depend not only on scientific excellence but also on a supportive
clinical research ecosystem.

This habilitation thesis analyses NCCTs from a systems perspective, integrating
methodological, regulatory, infrastructural, organisational, educational, patient-related, and
translational aspects of the European clinical research environment. Drawing on the author's
published scientific work, it examines how clinically relevant research questions progress
from the identification of clinical need through study design, regulatory and infrastructural
support, trial delivery and evidence generation towards dissemination, implementation, and
potential impact on clinical practice and public health. The included studies illustrate how
NCCTs and IICTs can address unmet clinical needs across diverse clinical and methodolog-
ical setting, while methodological and system-level analyses identify regulatory, organisa-
tional, financial, human capacity, and infrastructural factors that influence research feasibil-
ity, quality, and sustainability. The thesis further examines the complementary roles of re-
search infrastructures, regulatory frameworks, multidisciplinary collaboration, investigator
capacity building, patient and public involvement, and implementation strategies in support-
ing the clinical and societal value of NCCTs.

The principal original contribution of the thesis is the development of an integrated
conceptual framework of the NCCTs” ecosystem. The framework conceptualises research
as a continuum in which the ability to generate clinically meaningful evidence depends on
the interaction of successive stages of the research pathway with methodological, regulatory,
infrastructural, organisational, and translational conditions rather than on methodological
quality alone. Within this framework, clinical need and research questions constitute the
starting point, while study design and delivery, evidence generation, patient and public in-
volvement, dissemination, and implementation form the pathway towards evidence-in-
formed healthcare. Cross-cutting enablers, including sustainable funding, capacity building,
multidisciplinary collaboration, data and technology, and national and European research
networks, support this process throughout the research lifecycle. Robust, transparent, clini-
cally relevant, and patient-centred evidence, together with the infrastructures and effective
implementation mechanisms required to translate into healthcare decision-making, is there-
fore central to realising the potential value of NCCTs. This systems perspective provides a
comprehensive framework for understanding and further developing the European ecosys-
tem of NCCTs.
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INTRODUCTION

1 Introduction

1.1 Background

Clinical trials represent the fundamental methodological framework for the genera-
tion of evidence-based knowledge in modern medicine. They provide the basis for evaluat-
ing the efficacy, safety, and effectiveness of therapeutic, diagnostic, and preventive inter-
ventions and directly influence healthcare policies, regulatory decision-making, and clinical
practice. Over recent decades, the landscape of clinical research in Europe has undergone
substantial transformation, driven by increasing scientific complexity, regulatory harmoni-
sation, technological innovation, and growing societal expectations regarding patient-cen-
tred healthcare®3. Within this evolving environment, non-commercial clinical trials
(NCCTs) have become as a critical component of the European clinical research ecosystem?®.

Historically, academic clinical trials were commonly referred to as investigator-ini-
tiated clinical trials (I11CTs), reflecting the central role of individual academic investigators
in their conception and initiation. More recently, the broader term, NCCTs, has increasingly
been adopted to reflect the evolving nature of academic clinical research, which may involve
universities, hospitals, research infrastructures, collaborative networks, and multinational
consortia as sponsors or coordinating organisations. In this thesis, NCCTs is considered the
preferred overarching terminology and is used throughout where appropriate. However, in
specific sections, the term 1ICTs is deliberately retained when the intention is to emphasise
that the clinical trial originated entirely within the academic environment and, in particular,
to highlight the investigator’s role as the originator of the research idea and the principal
driver of its scientific development. 1ICTs is also retained where it reflects the terminology
used in the original publications. NCCTs are clinical trials initiated, designed, and conducted
primarily within the academic and NCCTs environment, including academic institutions,
hospitals, universities, research organisations, and independent investigators, rather than be-
ing driven by the pharmaceutical or medical device industry. Unlike commercially spon-
sored trials, which are typically driven by regulatory approval pathways and medicinal prod-
uct development objectives, NCCTs predominantly focus on addressing clinically relevant
questions with high societal value, including optimisation of existing therapies, comparative
effectiveness research, rare diseases, paediatric populations, public health interventions, and
unmet medical needs. These studies frequently investigate areas where commercial incen-
tives are insufficient or absent, despite significant potential benefits for patients and
healthcare systems®.

The distinction between investigator-initiated/non-commercial and industry-spon-
sored clinical research is therefore not solely related to funding mechanisms but also reflects
differences in scientific priorities and expected outcomes. Industry-sponsored trials are in-
dispensable for the development and registration of innovative medicinal products; however,
their research priorities are necessarily shaped by product-development strategies,
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INTRODUCTION

regulatory requirements, intellectual property considerations, and market potential. In con-
trast, IICTs often pursue broader clinical and public health objectives, including optimisa-
tion of standard-of-care therapies, evaluation of treatment strategies in underrepresented
populations, long-term effectiveness studies, or repurposing of existing drugs for rare and
neglected diseases. Consequently, NCCTs play an essential role in complementing commer-
cially driven research and ensuring that clinical evidence generation also addresses questions
arising directly from clinical practice and unmet patient and healthcare-system needs®.

The importance of NCCTs has become increasingly evident in the context of com-
plex healthcare challenges such as ageing populations, antimicrobial resistance, emerging
infectious diseases, and rare disorders. During the COVID-19 pandemic, investigator-initi-
ated and publicly coordinated studies demonstrated exceptional flexibility and responsive-
ness in generating real-world evidence, supporting vaccination strategies, and rapidly im-
plementing multinational collaborative research infrastructures. These developments high-
lighted both the scientific value and strategic importance of strong academic clinical re-
search networks within Europe’. At the same time, the pandemic exposed persistent limita-
tions in the ability to initiate, coordinate, and deliver academic clinical research rapidly and
consistently across countries, illustrating that scientific expertise alone is insufficient with-
out appropriate regulatory, organisational, financial, and infrastructural capacity.

At the European level, substantial efforts have been undertaken to strengthen the
infrastructure supporting NCCTs and to reduce fragmentation in clinical research capacity.
Among the most important initiatives is the European Clinical Research Infrastructure Net-
work (ECRIN), which was established to facilitate multinational academic clinical trials
through methodological support, regulatory guidance, data management, project manage-
ment, monitoring, and quality assurance services. ECRIN significantly contributes to har-
monisation of clinical research standards across Europe and enables academic investigators
to conduct complex multinational studies that would otherwise exceed the capacities of in-
dividual institutions®.

Similarly, the VACCELERATE consortium, established during the COVID-19 pan-
demic, created a pan-European infrastructure for vaccine trial coordination, participant re-
cruitment, communication strategies, and rapid trial implementation. Through initiatives
such as the VACCELERATE Site Network, VVolunteer Registry, and communication toolkit,
this infrastructure demonstrated how coordinated European collaboration can substantially
improve the efficiency, inclusivity, and responsiveness of clinical research®.

Together, these initiatives demonstrate that the success of IICTs depends on an in-
terconnected ecosystem extending beyond individual investigators and study protocols to
include methodological expertise, regulatory support, sustainable research infrastructures,
trained research teams, effective recruitment strategies, patient and public involvement, ap-
propriate data and technological capacity, and mechanisms for translating generated evi-
dence into clinical practice.

14



INTRODUCTION

Understanding how these components interact, and how their integration can en-
hance the feasibility, quality, efficiency, and societal impact of IICTs, therefore represents
an increasingly important challenge for contemporary academic clinical research.

1.2 Current challenges

Despite their undeniable importance, NCCTs continue to face numerous barriers that
limit their feasibility, sustainability, and clinical and societal impact. These barriers are pre-
dominantly structural and organisational rather than scientific in nature and include frag-
mented funding mechanisms, administrative burden, regulatory complexity, insufficient re-
search infrastructure, limited methodological support, lack of specialised expertise, and in-
adequate training opportunities for investigators. Importantly, these challenges dispropor-
tionately affect academic and public-interest research compared with commercially spon-
sored trials, limiting the capacity of academic investigators and non-commercial sponsors to
initiate, conduct, and sustain high-quality multinational clinical studies'°. These barriers are
closely interconnected: limitations in one component of the research ecosystem may amplify
constraints in others, ultimately affecting whether a scientifically relevant research question
can be translated into a successfully delivered clinical trial.

The author's research addressed these challenges progressively, moving from the
analysis of national funding environments to the investigation of barriers affecting specific
vulnerable areas of academic research, multinational drug-repurposing trials, and ultimately
the competencies required to successfully design and deliver 1ICTs.

The funding issue was explored in Annex 1, Investigator Initiated Clinical Trials
(IICTs): A Systematic Search in Registries to Compare the Czech Republic and Portugal in
Terms of Funding Policies and Scientific Outcomes, which analysed how national funding
policies were associated with the quantity and scientific output of IICTs. The study demon-
strated substantial disparities between countries in terms of funding structures, institutional
support, and publication outcomes, highlighting the importance of national research ecosys-
tems in shaping clinical research productivity. The findings suggested that differences in
scientific output are not necessarily caused by lack of expertise, but rather by unequal access
to sustainable support mechanisms and infrastructure. The distribution of national and inter-
national funding sources identified in the two countries is summarised in Table 1, illustrating
the different funding landscapes that underpin I1CTs in the Czech Republic and Portugal.

Table 1: National and International Funding Agencies and Programmes in Czech Re-

public in and Portugal and Corresponding Number of Funded Clinical Trials. (N°=Number
of Clinical Trials Funded by the Respective Funding Organization/Program).

15



INTRODUCTION

Funders Czech Portugal
Republic
National Funding Internal Grant Agency of the Czech 61 -
Agencies/ Ministry of Health (IGA until 2014);
Funding Currently AZV (Czech Health Research
Programs Council)
Charles University Research Fund 10 -
Fundacéo para a Ciéncia e Tecno- — 27
logia (FCT)
National Structural funding (COM- — 2
PETE, PRODEP)
ARDITI - Agéncia Regional para o — 1
Desenvolvimento da Investigacio
International European Commission (includes 18 17
Funding H2020, IMI, Erasmus Program)
Agencies/ Canadian Institutes of Health Re- 7 0
Funding search (Canada)
Programs European Regional Development 6 0
Fund
Medical Research Council (UK) 7 2
Australian National Health Service 0 5
and Medical Research Council
National Institutes of Health (NIH, 0 3
USA)
EEA Grants 0 1
Carlos Il Institute of Health 0 2
(Spain)

Similarly, Annex 2, The Current Status of European and National Financial Sources
for Clinical Research and Their Impact on Paediatric Non-commercial Clinical Trials: A
Case Study of the Czech Republic, extended the analysis to paediatric clinical research, an
area in which limited commercial incentives and specific methodological and regulatory
requirements further increase dependence on sustainable public funding. The study identi-
fied fragmented and unstable funding structures as one of the principal limitations prevent-
ing the implementation of academically sponsored paediatric studies. The analysis further
demonstrated that although European funding schemes provide important opportunities,
they often fail to adequately address the specific needs of long-term, investigator-driven
clinical research. Together, Annexes 1 and 2 therefore illustrate that funding is not merely a
prerequisite for trial initiation but a structural determinant of which clinically relevant re-
search questions can realistically progress into 1ICTs.

16



INTRODUCTION

Moving beyond funding as an isolated barrier, Annex 3, Identifying Obstacles Hinder-
ing the Conduct of Academic-Sponsored Trials for Drug Repurposing in Rare Diseases: An
Analysis of Six Use Cases, expanded the analysis to the broader set of practical and systemic
challenges encountered during the implementation of multinational investigator-initiated
drug repurposing trials. Based on six European case studies, the study identified numerous
obstacles affecting the entire clinical trial pathway, including regulatory heterogeneity, com-
plex administrative procedures, limited access to expertise, manufacturing challenges, diffi-
culties in obtaining investigational medicinal products, fragmented ethical review processes,
and insufficient coordination among stakeholders. The principal barriers identified through
the systematic literature review are summarised in Table 2 and Table 3, illustrating that the
challenges span scientific, regulatory, organisational, and operational domains rather than
being confined to individual studies or countries.

The analysis demonstrated that successful drug repurposing in rare diseases requires
not only sustainable funding but also coordinated regulatory support, specialised research
infrastructures, multidisciplinary expertise, and greater harmonisation across European
Member States. In this respect, Annex 3 provides an important transition from viewing in-
dividual barriers separately towards understanding them as interacting components of the
clinical research ecosystem. These findings further reinforced the conclusion that many of
the major obstacles limiting NCCTs arise from deficiencies within the research ecosystem
rather than from scientific quality or relevance of the underlying research questions.

Table 2: Major barriers to the conduct of randomized trials identified by systematic
reviews

Inadequate funding

Complex/not harmonized regulations

Excessive/non-focused monitoring

Over-restrictive interpretations of privacy laws without evidence of subject
benefit/Lack of transparency

Inadequate understanding of methodology

Inadequate identification of the clinical research questions

Inadequate knowledge and understanding of clinical research

Inadequate knowledge and understanding of clinical trials

Inadequate infrastructures

Unsupportive administrative system

Competing demands

Difficult patient recruitment

Major barriers to the conduct of RCTs in rare diseases

Difficult to recruit patients due to rarity

Incomplete understanding of national history to inform trial design

17



INTRODUCTION

Need for trial designs adapted to small population size and clinical heteroge-

neity

Organizational challenges as a consequence from the need for multinational

randomized clinical trials

Need for more sensitive outcome measures to quantify disease
Need for involvement of all the stakeholders in the study design and conduct

Table 3: Key Barriers to Non-Commercial Clinical Trials and Corresponding Ecosys-

tem Components
Barrier domain

Regulatory and ethical

Organisational and in-

frastructural

Methodological and com-
petence-related

Recruitment and stake-
holder-related

Key barriers identified

Inadequate, fragmented or
unsustainable funding
Regulatory heterogeneity,
complex procedures, ethics
and privacy requirements
Inadequate infrastructure, ad-
ministrative burden, multina-
tional coordination

Limited methodological
expertise, challenges in trial
design, insufficient trial-spe-
cific knowledge

Difficult recruitment, rare
populations, insufficient
stakeholder involvement

Corresponding ecosystem
component
Sustainable funding

Regulatory frameworks
and harmonisation; Data
governance and ethics
Research infrastructures
and networks

Investigator competence
and capacity building

Patient and public in-

volvement

Finally, Annex 4, Enhancing Pragmatic Competence in Investigator-Initiated Clinical

Trials: Structure and Evaluation of the CONSCIOUS Il Training Programme, addressed
another critical but frequently overlooked barrier to high-quality non-commercial clinical
research—the shortage of adequately trained investigators and research professionals. While
financial resources and regulatory support are fundamental prerequisites for 1ICTs, their
successful implementation equally depends on the availability of personnel with sufficient
methodological, regulatory, and operational expertise. The study described the development
and evaluation of the CONSCIOUS |1 educational programme, an interdisciplinary training
initiative designed to strengthen pragmatic competencies required throughout the lifecycle
of 1ICTs. The programme combined theoretical instruction with case-based learning and
practical exercises covering key aspects of clinical trial planning, methodology, regulatory
requirements, project management, and multidisciplinary collaboration.

18
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The evaluation demonstrated significant improvements in participants' self-reported
competencies across multiple domains of clinical research and confirmed high levels of par-
ticipant satisfaction with the educational approach. As these outcomes were based primarily
on participant-reported assessment, they should be interpreted as evidence of perceived com-
petency development rather than direct demonstration of improved trial performance. Im-
portantly, the programme highlighted that effective capacity building extends beyond the
transfer of theoretical knowledge and should foster critical thinking, interdisciplinary col-
laboration, and practical problem-solving skills directly applicable to I1ICTs.

Taken together, the studies presented in Annexes 14 identify four closely related de-
terminants of sustainable IICTs: access to appropriate funding, supportive national and Eu-
ropean research environments, coordinated multidisciplinary and infrastructural support,
and adequately trained research personnel. Rather than acting independently, these determi-
nants influence one another across the clinical trial lifecycle and collectively determine the
capacity to translate relevant clinical questions into successfully delivered studies and usable
evidence.

These findings support the growing recognition that sustainable clinical research infra-
structures require continuous investment in human capital alongside investments in techno-
logical infrastructure and funding mechanisms. Consequently, education should be regarded
as a strategic component of the clinical research ecosystem, strengthening the quality, effi-
ciency, and long-term sustainability of 1ICTs. Within the conceptual framework proposed
in this thesis, funding and capacity building therefore represent cross-cutting enablers that
support multiple stages of the 1ICTs pathway rather than isolated prerequisites for individual
trials.

1.3 Knowledge gap

Although methodological, regulatory, financial, and operational aspects of NCCTs
have been extensively described individually, considerably less attention has been paid to
understanding their interdependencies and how their integration across the research lifecycle
influences the ability of academic clinical research to generate clinically meaningful evi-
dence and ultimately contribute to patient care and public health. Existing literature predom-
inantly focuses on isolated elements of the clinical research process, such as study design,
regulatory compliance, funding mechanisms, statistical methodology, or operational man-
agement, whereas comparatively little emphasis has been placed on the clinical research
ecosystem as an integrated system linking governance, infrastructure, funding, methodolog-
ical expertise, patient engagement, evidence generation, and implementation into healthcare.
This systems perspective has recently gained increasing recognition in international policy
documents, particularly the WHO Global Action Plan for Clinical Trial Ecosystem Strength-
ening, but its application to the analysis of non-commercial academic clinical research
lifecycle remains comparatively limited??.
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In practice, the successful translation of NCCTs finding into clinical benefit depends
on the coordinated interaction of multiple components. High-quality methodology alone is
insufficient without sustainable funding, appropriate regulatory support, specialised re-
search infrastructures, multidisciplinary expertise, effective patient involvement, and mech-
anisms for translating evidence into clinical practice. Conversely, well-developed infrastruc-
tures or favourable regulatory frameworks cannot compensate for inadequate study design
or limited methodological competence. These components should therefore not be viewed
as independent prerequisites but as mutually dependent elements whose interaction may fa-
cilitate or constrain successive stages of the research process. Understanding these interde-
pendencies is therefore essential for strengthening the contribution of 11ICTs to healthcare®.

Furthermore, relatively few studies have examined NCCTs from the perspective of
their entire translational pathway—from identifying unmet clinical needs and generating
clinically relevant research questions, through trial design, regulatory and infrastructural
support, study delivery, and evidence generation, to implementation and measurable impact
on clinical decision-making, healthcare systems, and public health!2. This systems perspec-
tive is particularly important in areas where commercial incentives are limited, including
rare diseases, paediatric research, drug repurposing, comparative effectiveness research, and
advanced therapy medicinal products. Consequently, a gap remains between knowledge
generated about individual determinants of successful academic clinical research and an in-
tegrated understanding of how these determinants interact across the pathway from clinical
need to healthcare impact.

The present habilitation thesis addresses this knowledge gap by integrated evidence
from the author’s research across complementary domains of NCCTs and using body of
work to develop an integrated framework that conceptualises NCTs within a broader clinical
research ecosystem. Rather than examining methodological, regulatory, infrastructural, or-
ganisational, educational, patient-related, and translational aspects separately, the thesis ex-
plores how their interaction influences the feasibility and delivery of clinical studies, the
generation of robust and clinically relevant evidence, and its subsequent translation into
clinical practice and public health. The resulting framework therefore provides a structured
synthesis linking clinical and scientific need, study design and delivery, evidence genera-
tion, patient and public involvement, implementation, and healthcare impact, while recog-
nising the cross-cutting role of funding, research infrastructures, regulatory frameworks, in-
vestigator competence, data governance, and collaborative networks.

Despite substantial advances in individual domains of non-commercial clinical re-
search, these components are frequently considered separately. Methodological quality, reg-
ulatory requirements, research infrastructures, funding, professional competencies, patient
involvement, and implementation are often addressed as distinct challenges, although their
interaction ultimately determines whether clinically relevant research questions can be trans-
lated into feasible studies and meaningful evidence.

What remains insufficiently integrated is a systems-level perspective linking these
components across the entire research continuum—from the identification of clinical need
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and formulation of research questions through study design and conduct, evidence genera-
tion and dissemination, to implementation in healthcare. Such an integrated perspective is
particularly relevant to NCCTs, where successful trial delivery frequently depends on the
coordinated interaction of multiple scientific, regulatory, organisational, infrastructural, and
societal factors.

This habilitation thesis addresses this gap by integrating evidence from the author's
clinical, methodological, and system-level research into a conceptual framework of NCCTs
ecosystem.

1.4 Research question

Building on the identified knowledge gap, this habilitation thesis seeks to examine
NCCTs from a systems perspective. Rather than focusing on individual methodological or
regulatory components, it explores how multiple components of the research ecosystem in-
teract across the research lifecycle to influence the generation of clinically relevant evidence,
its implementation, and its ultimate impact on patient care and public health. The central
research question is:

How do the methodological, regulatory, infrastructural, organisational, and
translational components of the European NCCTs ecosystem interact to enable the
generation and implementation of clinically relevant evidence and contribute to im-
prove patient care and public health?

1.5 Aim of the Habilitation Thesis

The overarching aim of this habilitation thesis is to examine NCCTs from a systems
perspective and to integrate the author's clinical, methodological, and system-level research
into a conceptual framework describing how clinically relevant research questions progress
through the research continuum towards the generation of robust evidence and its translation
into evidence-informed healthcare.

Specifically, the thesis aims to:

« examine methodological approaches supporting the design and conduct of clinically
relevant NCCTs;

« analyse regulatory, financial, infrastructural, organisational, and capacity-related
factors influencing its feasibility and quality;

« demonstrate the contribution of NCCTs to comparative effectiveness research, opti-
misation of existing therapies, precision medicine, and advanced therapies;

« examine the roles of evidence transparency, patient and public involvement, and im-
plementation in translating research findings into healthcare; and
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« synthesise these dimensions into an integrated conceptual framework of the NCCTs
ecosystem.

Despite substantial advances in individual domains of NCCTs, these components are
frequently considered separately. Methodological quality, regulatory requirements, research
infrastructures, funding, professional competencies, patient involvement, and implementa-
tion are often addressed as distinct challenges, although their interaction determines whether
clinically relevant research questions can be translated into feasible studies, robust evidence,
and ultimately improvements in healthcare.

What remains insufficiently integrated is a systems-level perspective linking these
components across the entire research continuum—ifrom the identification of clinical needs
and formulation of research questions through study design and conduct, evidence genera-
tion and dissemination, to implementation in healthcare. Such a perspective is particularly
relevant to NCCTs, where successful research delivery often depends on the coordinated
interaction of multiple scientific, regulatory, organisational, infrastructural, and societal fac-
tors.

This habilitation thesis addresses this gap by examining these interdependencies
across the research continuum and synthesising the findings into an integrated concep-
tual framework of the NCCTs ecosystem.

1.6 Hypothesis

1.6.1 Central Hypothesis

The central hypothesis of this habilitation thesis is that the successful translation of
NCCTs into improvements in patient care and public health depends not only on scientific
excellence but also on the effective integration of robust methodology, supportive regulatory
frameworks, collaborative research infrastructures, sustainable funding, multidisciplinary
expertise, investigator competence, appropriate data governance, and meaningful patient
and public engagement. Together, these components constitute an interconnected ecosystem
that influences the quality, feasibility, delivery, evidence generation, implementation, and
societal impact of NCCTs.

1.6.2 Specific Hypotheses

The central hypothesis is explored through the following specific hypotheses:
1. NCCTs play an important role in addressing clinically relevant questions, unmet
medical needs, and public health priorities that are insufficiently covered by com-
mercially sponsored research.
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2. The effectiveness, sustainability, and societal impact of NCCTs are influenced by
the interaction of structural, regulatory, financial, organisational, methodological,
and capacity-related factors, rather than by scientific quality alone.

3. European research infrastructures and multinational collaborative networks support
the quality, efficiency, feasibility, and inclusiveness of NCCTs, by providing coor-
dinated methodological, regulatory, operational, and collaborative support across the
research lifecycle.

4. Investigator competence and multidisciplinary capacity building contribute to the
quality and feasibility of NCCTs by strengthening methodological, regulatory, and
operational capabilities required across the study lifecycle.

5. Meaningful patient and public involvement, together with effective dissemination
and implementation strategies, can enhance the relevance, acceptability, and transla-
tion of research findings into clinical practice and public-health benefit.

1.6.3 Original Scientific Contribution

The principal original contribution of this habilitation thesis is the development of
an integrated conceptual framework of the NCCTs ecosystem, derived from the synthesis of
the author's clinical, methodological, and system-level research.

The framework extends the conventional study-centred perspective on clinical trials by
conceptualising NCCTs as a continuum connecting clinical and scientific need, research
question formulation, study design and preparation, trial delivery, evidence generation, dis-
semination and synthesis, implementation, and evidence-informed healthcare. It further
identifies the cross-cutting methodological, regulatory, infrastructural, financial, technolog-
ical, professional, and patient-related factors that enable and support this continuum
throughout the research lifecycle.

The framework conceptualises NCCTs as a continuum from clinical and scientific need
and research question formulation through study design and preparation, trial delivery, evi-
dence generation, dissemination and synthesis, and implementation to evidence-informed
healthcare, presented in Figure 1. Cross-cutting enablers support the entire research lifecy-
cle, while feedback from healthcare practice generates new evidence, identifies remaining
uncertainties, and informs subsequent clinical and scientific needs.
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Figure 1. Integrated conceptual framework of the non-commercial clinical research

ecosystem.
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The author's publications map onto complementary components of this framework,
providing clinical, empirical, methodological, and system-level contributions across the re-
search lifecycle—from comparative effectiveness and optimisation of existing therapies to
precision medicine, research infrastructures, regulatory facilitation, capacity building, pa-
tient and public involvement, and evidence translation. Together, these studies illustrate how
individual components of the non-commercial clinical research ecosystem interact across
different stages of the research pathway. Their integration and mapping within a single sys-
tems perspective represent the principal integrative scientific contribution of this habilitation
thesis. The Figure 2. maps the author's publications onto successive stages of the re-
search continuum and its cross-cutting enablers, illustrating how the body of work in-
cluded in this habilitation contributes to complementary components of the proposed
systems perspective.

Figure 2. Mapping of the author's scientific contributions onto the integrated concep-
tual framework of the non-commercial clinical research ecosystem.
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2 Building High-Quality Academic Clinical Trials

2.1 Methodology

2.1.1 Trial Design in Academic Settings

The methodological design of NCCTs may differ from that of commercially sponsored
studies in terms of objectives, operational constraints, and scientific priorities. While indus-
try-sponsored trials often focus on generating evidence to support the development and reg-
ulatory approval of medicinal products, IICTs (especially as a subgroup of NCCTs) fre-
quently address clinically relevant questions for which commercial incentives may be lim-
ited, including optimisation of existing therapies, comparative effectiveness research, drug
repurposing, patient-centred outcomes, and unmet medical needs'?. As a result, academic
trial methodology may place particular emphasis on clinical relevance, external validity, and
applicability to routine healthcare settings, while maintaining the internal validity and meth-
odological rigour required for reliable evidence generation. This emphasis has also support
the adoption of innovative and pragmatic trial designs that seek to generate evidence directly
applicable to clinical decision-making while maintaining methodological rigour*3.

Recent developments in clinical trial methodology further demonstrate that academic
clinical research is increasingly adopting innovative and flexible study designs to address
complex clinical questions efficiently. As discussed in Annex 5, Innovative Clinical Trial
Designs, the author’s work examines the methodological principles, opportunities, and chal-
lenges associated with the transition beyond the traditional parallel-group randomised con-
trolled trial towards approaches such as pragmatic, adaptive, platform, basket, umbrella and
master protocol designs. These innovative methodologies aim to improve the efficiency,
flexibility and patient-centredness of clinical research while maintaining scientific validity
and regulatory acceptability. They are particularly relevant in areas such as rare diseases,
precision medicine and advanced therapy medicinal products, where conventional trial de-
signs may be challenged by small patient populations, biological heterogeneity and rapidly
evolving scientific knowledge.

One of the defining characteristics of contemporary NCCT methodology is the increas-
ing emphasis on pragmatic trial designs. Pragmatic clinical trials aim to evaluate interven-
tions under routine clinical conditions and to generate evidence applicable to everyday clin-
ical practice'®. In contrast to explanatory trials, which are conducted under highly controlled
settings to determine efficacy under more highly controlled conditions and primarily assess
efficacy, pragmatic studies typically allow broader and more representative patient popula-
tions, greater flexibility in intervention delivery, and clinically meaningful outcomes reflect-
ing routine care. This distinction is particularly relevant to academic clinical research which
frequently seek to answer questions arising directly from clinical practice and to generate
evidence of informing real-world clinical decission-maiking®®.
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The examples presented below illustrate the methodological diversity of NCCTs rep-
resented in the author's research, ranging from pragmatic comparative effectiveness studies
conducted under routine clinical conditions and procedural randomised trials to adaptive
trial designs in critically ill populations, specialised pharmacokinetic investigations, and
translational precision medicine studies integrating advanced diagnostics, predictive bi-
omarkers, and personalised advanced therapies. Together with the methodological concepts
discussed in Annex 5, these examples illustrate how methodological approaches can be
adapted to the nature of the clinical question, patient population, intervention, and healthcare
context. Collectively, the author's work demonstrates the breadth of methodological ap-
proaches required to address clinically relevant questions across different areas of NCCTSs.

2.1.1.1 Pragmatic comparative effectiveness trials

The application of pragmatic trial methodology is illustrated by Annex 6, Compari-
son of Continuous versus Intermittent Enteral Nutrition in Critically 1ll Patients (COINN):
Study Protocol for a Randomized Comparative Effectiveness Trial. This IIT addressed a
clinically relevant question in intensive care medicine regarding the optimal strategy for
enteral nutrition administration in critically ill patients. The methodological approach was
intentionally designed to reflect routine clinical practice rather than idealised experimental
conditions, thereby enhancing the external validity and practical applicability of the gener-
ated evidence. By directly comparing two strategies used in clinical practice, the study illus-
trates how pragmatic NCCTs can address areas of therapeutic uncertainty where different
approaches coexist despite limited comparative evidence. The study also illustrates an im-
portant role of NCCTs in evaluating and optimising established therapeutic strategies for
which the clinical relevance may be substantial despite limited commercial incentives for
comparative investigation.

In this context, methodological rigour is achieved not by maximising experimental con-
trol, but by embedding randomisation within a clinically representative care pathway while
preserving predefined eligibility criteria, outcomes, and analytical procedures.

2.1.1.2 Pragmatic procedural and surgical trials

The methodological principles of pragmatic clinical research extend beyond phar-
macological interventions to procedural and surgical studies. This is exemplified by Annex
7, Labelling of Subpleural Pulmonary Nodules with Blue Dye and Contrast Agents under
CT-Guided Control and Subsequent Video-Assisted Thoracoscopic Resection: the
BLUEPAT Prospective Randomised Study. With the increasing detection of small pulmo-
nary nodules through lung cancer screening and incidental imaging, accurate preoperative
localisation in an important prerequisite for effective minimally invasive thoracic resection.
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However, comparative evidence on the relative performance of different localisation ap-
proaches remains limited. The BLUEPAT study was therefore designed as a prospective
randomised IIT directly comparing two clinically applicable localisation strategies within
the routine diagnostic and surgical pathway. By evaluating localisation success, procedural
safety, technical feasibility, and perioperative outcomes, the study illustrates how random-
ised comparative methodology can be embedded within a procedural care pathway to gen-
erate clinically applicable evidence on interventions that are otherwise frequently evaluated
through observational experience or single-centre practice. In this way, BLUEPAT extends
the methodological spectrum of the author's work from pragmatic therapeutic comparisons
to the evidence-based optimisation of diagnostic and surgical procedures.

2.1.1.3 Adaptive and innovative trial designs

Beyond pragmatic and conventional trial designs, contemporary NCCT methodol-
ogy increasingly considers adaptive and master-protocol approaches that allow prespecified
modifications of selected trial characteristics based on accumulating data while maintaining
methodological validity. These designs may offer particular advantages in settings charac-
terised by small patient populations, disease heterogeneity, multiple potential interventions,
or rapidly evolving therapeutic strategies. At the same time, their implementation requires
advanced statistical expertise, careful prospective planning, appropriate control of operating
characteristics, and close alignment with regulatory requirements.

The methodological principles, opportunities, and limitations of these approaches are
discussed in Annex 5, Innovative Clinical Trial Designs, which reviews adaptive designs
together with platform, basket, umbrella, master-protocol, N-of-1, and SMART approaches.
Annex 5 further identifies limited methodological capacity, funding constraints, and the
need for specialised education and research infrastructure as important barriers to the
broader implementation of innovative trial designs.

A practical application of these methodological principles was explored during the de-
velopment of the MEDIC4CAY A Horizon Europe proposal, in which an adaptive clinical
trial concept was incorporated to address the combinational multi-drug therapeutic ap-
proach. Although the proposal was not selected for funding and the trial was therefore not
implemented, its development illustrates the translation of methodological expertise in in-
novative trial design into the preparation of a complex multinational academic research pro-
ject.

This example also highlights an important distinction between methodological innova-
tion and successful trial implementation: the availability of an appropriate study design alone
is insufficient without adequate funding, statistical and regulatory expertise, collaborative
infrastructure, and operational capacity. In this respect, adaptive trial development provides
a practical example of the broader ecosystem perspective proposed throughout this thesis.
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2.1.1.4 Pharmacokinetic and pharmacometric studies

NCCTs may also employ specialised pharmacokinetic and pharmacometrics meth-
odologies to optimise the use of established therapies in patient populations for whom dosing
evidence remains insufficient. Such studies are particularly important in intensive care med-
icine, where p critical illness-related physiological changes and advanced organ-support
technologies may substantially alter drug pharmacokinetics and contribute to uncertainty
regarding optimal dosing®®.

This methodological approach is represented by Annex 8, Changes of Colistin Phar-
macokinetics in Critically Il Patients due to Extracorporeal Membrane Oxygenation: Pro-
tocol for the COL-ECMO2022 Trial. The study employed a prospective Phase 1V pharma-
cokinetic design integrating intensive pharmacokinetic sampling with population pharma-
cokinetic modelling to evaluate the impact of extracorporeal membrane oxygenation on col-
istin disposition. By combining prospective clinical pharmacokinetic data collection, popu-
lation pharmacokinetic modelling, and the complex clinical setting od extracorporeal life
support, the study illustrates how specialised methodological approaches within NCCTs can
address clinically relevant dosing uncertainties in critically ill populations. This model-in-
formed approach enables variability in drug exposure to be characterised and provides a
basis for evaluating whether established dosing strategies remain appropriate under substan-
tially altered physiological and extracorporeal conditions.

2.1.15 Translational and biomarker-driven trial designs

A further methodological dimension of NCCTs is represented by translational and
biomarker-driven studies that integrate advanced diagnostics, molecular or physiological bi-
omarkers, personalised therapeutic approaches, and clinical evaluation withina single re-
search framework. Such studies require multidisciplinary collaboration across clinical med-
icine, molecular biology, imaging, laboratory sciences, biostatistics, and regulatory science,
thereby exemplifying the increasingly integrated nature of modern academic clinical re-
search?’.

This approach is demonstrated by Annex 9, represented by the GlioMET study, and
Annex 10, represented by the PRECISE study. The GlioMET trial integrates molecular im-
aging using ~11C-methionine PET into radiotherapy planning for patients with glioblas-
toma, with the aim of improving treatment precision through biomarker-guided therapeutic
decision-making. In contrast, the PRECISE study prospectively validates an electroenceph-
alography-based predictive model for vagal nerve stimulation in patients with drug-resistant
epilepsy. By combining clinical, electrophysiological, and computational data, the PRE-
CISE study illustrates an important step in biomarker translation: the transition from retro-
spective predictive model development to prospective multicentre clinical validation. To-
gether, these studies demonstrate how NCCTs can support precision medicine by moving
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candidate diagnostic and predictive tools towards prospective clinical validation and their
potential integration into therapeutic decision-making.

A distinct form of translational and methodological integration is represented by An-
nex 11, Dendritic Cell-Based Immunotherapy in Advanced Sarcoma and Neuroblastoma
Paediatric Patients: Anti-cancer Treatment Preceding Monocyte Harvest Impairs the Im-
munostimulatory and Antigen-Presenting Behaviour of DCs and Manufacturing Process
Outcome. Unlike conventional clinical trials evaluating a fixed medicinal product, this trans-
lational study investigated autologous dendritic cell-based immunotherapy, in which the in-
vestigational product was individually manufactured from each patient's own monocytes
under GMP conditions. Consequently, the study design extended far beyond clinical evalu-
ation to encompass the entire translational pathway, including patient selection, leukapher-
esis, cell isolation, ex vivo differentiation and maturation, quality control, immunopheno-
typic characterisation, functional immunological assays, and clinical administration.

Importantly, the study demonstrated that preceding anticancer therapy significantly
influenced the biological quality of the starting cellular material and subsequently affected
dendritic-cell differentiation, antigen-presenting capacity, cytokine production, and manu-
facturing success. Rather than evaluating only clinical outcomes, the study incorporated la-
boratory biomarkers, manufacturing parameters, and product quality attributes as integral
study endpoints. This multidimensional approach enabled the identification of patient- and
treatment-related factors affecting the feasibility and biological quality of personalised
ATMP manufacturing, thereby linking clinical history, starting-material characteristics,
manufacturing performance, and product functionality.

Methodologically, the study illustrates an integrated translational research model in
which laboratory science, manufacturing, regulatory requirements, biomarker evaluation,
and clinical investigation are inseparably linked. Such studies require close collaboration
between clinicians, GMP manufacturing facilities, immunologists, laboratory scientists,
pharmacologists, statisticians, and regulatory experts. The study therefore illustrates the
methodological and organisational complexity associated with personalised ATMP research
and the capacity of NCCTs to integrate clinical investigation with advanced manufacturing
and translational science.

Collectively, these examples demonstrate the methodological diversity of NCCTs
and illustrate how study design can be tailored to the nature of the clinical question, patient
population, intervention, and evidence gap in the Figure 3. Across the author's work, this
spectrum ranges from pragmatic comparative effectiveness and procedural randomised trials
to innovative and adaptive methodological concepts, pharmacokinetic and pharmacometrics
investigations, biomarker-driven prospective validation, and integrated translational studies
involving personalised ATMPs. Rather than representing a hierarchy of methodological
complexity, these approaches illustrate the need to select and adapt research methodology
according to the scientific and clinical problem being addressed.

Taken together, the author's contributions demonstrate that methodological quality
in NCCTs depends not on adherence to a single preferred trial model, but on the rigorous
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selection and implementation of a design that is appropriate to the research question while
remaining clinically relevant, operationally feasible, and scientifically valid. This methodo-
logical diversity enables NCCTs to generate complementary forms of evidence across a
broad range of clinical and translational settings.

Figure 3: Methodological diversity of non-commercial clinical trials: selected examples

from the author's research
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The methodological approach is determined by the clinical question, patient population,
intervention, and nature of the evidence gap.

* llustrative Horizon Europe project proposal (not funded).

2.1.2 Special Methodological Challenges

Despite their substantial scientific and societal value, NCCTs frequently address
clinical questions in settings in which conventional trial methodology may be difficult to
apply. Studies involving rare diseases, paediatric populations, critically ill patients, and pub-
lic health interventions present methodological challenges that extend beyond statistical
considerations and require careful integration of scientific rigor, ethical principles, opera-
tional feasibility, and available patient populations and resources. Consequently, methodo-
logical decision-making in NCCTs often involves adapting study design, recruitment strat-
egies, analytical approaches, and collaborative models to generate reliable evidence under
conditions in which conventional trial approaches may be difficult or infeasible?®.

The examples presented below illustrate how methodological approaches can be
adapted to specific constraints related to population size, recruitment, disease rarity, and the
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need for timely population-level evidence, while preserving scientific validity and clinical
relevance.

2.1.2.1 Limited populations and recruitment challenges

One of the most fundamental methodological challenges concerns studies involving
small or highly specific patient populations. Rare diseases and paediatric disorders fre-
quently affect limited numbers of patients dispersed across multiple centres and countries,
making recruitment one of the principal determinants of study feasibility. Under these cir-
cumstances, methodological quality depends not only on study design but also on interna-
tional collaboration, specialised research networks, and efficient organisational support*®.

This challenge is illustrated by Annex 12, Exploring the Publication Gap in Paedi-
atric Randomized Clinical Trials: Completed versus Uncompleted Paediatric Clinical Tri-
als. The study demonstrated that a substantial proportion of paediatric clinical trials were
not completed or did not result in publication, with insufficient patient recruitment identified
as the most frequent reported reason for trial discontinuation. The principal reasons for clin-
ical trial incompletion identified in the analysis are summarised in Table 3, demonstrating
that recruitment failure occurs within a broader set of interconnected financial, methodolog-
ical, organisational, regulatory, and operational challenges. Beyond reducing research effi-
ciency, unsuccessful recruitment may compromise the ability to generate clinically mean-
ingful evidence for vulnerable populations that are already underrepresented in clinical re-
search. These findings reinforce the concept that recruitment is not merely an operational
issue but an integral component of methodological feasibility and should therefore be con-
sidered prospectively during trial design, site selection, and feasibility assessment.

Table 4: Reported reasons for incompletion of paediatric clinical trials (Annex 13).
Uncompleted trials (N = 180 n %
Patient accrual 58 32.22
Nonreported or unclear 41 22.78
Company/business decision 22 12.22
Informative termination 21 11.67
Funding issue 13 7.22
Conduct problems 10 5.56
Regulatory issue 8 4.44
Principle investigator left 7 3.89

w
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2.1.2.2 Rare diseases and methodological complexity

The methodological challenges associated with limited populations become even
more pronounced in rare diseases, where small sample sizes are combined with disease het-
erogeneity, geographically dispersed patient populations, fragmented expertise, the frequent
need for multinational trial conduct. These characteristics influence not only recruitment but
also feasibility assessment, endpoint selection, statistical planning, operational design, and
the choice of appropriate therapeutic development strategies. These challenges were system-
atically analysed in Annex 3, ldentifying Obstacles Hindering the Conduct of Academic-
Sponsored Trials for Drug Repurposing in Rare Diseases: An Analysis of Six Use Cases. As
discussed earlier from a research-ecosystem perspective, the analysis identified regulatory,
organisational, manufacturing, and infrastructural barriers affecting academic drug-repur-
posing trials. From a methodological perspective, these findings demonstrate that trial fea-
sibility in rare diseases cannot be separated from the environment in which the study is de-
signed and conducted. Small and geographically dispersed populations require early feasi-
bility assessment, multinational collaboration, access to specialised expertise, and trial strat-
egies capable of generating interpretable evidence from limited patient populations.

Thus, rare-disease research provides a particularly clear example of the interdepend-
ence between methodological design and the wider clinical research ecosystem: even scien-
tifically robust protocols may remain unfeasible without coordinated regulatory, infrastruc-
tural, and operational support.

2.1.2.3 Real-world evidence and public health research

Another important methodological challenge concerns the evaluation of intervention
effectiveness at the population level and under routine healthcare conditions, particularly
when evidence needs to be generated repeatedly as epidemiological conditions, circulating
pathogens, population immunity, or the interventions themselves evolve over time. Ran-
domised trial alone cannot address all such questions, creating an important role for well-
designed observational studies and real-world evidence. This approach is demonstrated by
Annex 13 and Annex 14, comprising the VEBIS and I-MOVE vaccine effectiveness studies.
These multicentre observational studies employed the test-negative case-control design, an
internationally recognised methodological framework for evaluating vaccine effectiveness
during seasonal influenza epidemics and the COVID-19 pandemic. By integrating harmo-
nised surveillance networks, standardised data collection, and statistical approaches address-
ing relevant confounding and bias, these studies generated timely evidence regarding vac-
cine effectiveness across different viral variants, age groups, and risk populations. They il-
lustrate how harmonised multicentre observational methodology can generate comparable
real-world evidence across countries and over time, complementing evidence from
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randomised trials and supporting evidence-informed public health decision-making in a rap-
idly changing epidemiological context.

2.1.2.4 From methodological challenges to methodological innovation

Collectively, these examples demonstrate that methodological challenges in NCCTs
arise not only from the scientific question itself but also from the characteristics of the pop-
ulation, disease prevalence, recruitment potential, clinical setting, and the type and timeli-
ness of evidence required. Addressing these challenges therefore requires methodological
approaches that are adapted to the specific research context while preserving scientific va-
lidity and interpretability.

Across the author's work, limited recruitment in paediatric trials, the complexity of
multinational rare-disease research, and the need for rapidly generated vaccine-effectiveness
evidence illustrate different manifestations of the same underlying principle: methodological
feasibility is inseparable from operational feasibility and the surrounding research ecosys-
tem. International research networks, harmonised methodologies, specialised infrastruc-
tures, multidisciplinary expertise, appropriate analytical approaches, regulatory support, and
patient engagement are therefore not merely supportive components of NCCTs but im-
portant determinants of whether robust evidence can be generated at all*l. Together, these
elements contribute to a resilient European clinical research ecosystem capable of generating
high-quality evidence, particularly for patient populations with substantial unmet medical
needs?.

This perspective extends the concept introduced in the preceding section: while the
clinical question determines the appropriate methodological approach, the research context
determines whether that methodology can be successfully implemented. Together, these di-
mensions link methodological rigour with the broader clinical research ecosystem developed
throughout this thesis.

2.1.3 Capacity Building and Training

The successful design and implementation of NCCTs depend not only on methodo-
logical rigour but also on the competencies of the individuals, multidisciplinary Teams, and
organisations responsible for their conduct?!. While robust study design is fundamental to
generating valid and clinically relevant evidence, high-quality academic clinical research
also requires expertise in regulatory science, project management, pharmacovigilance, data
management, quality assurance, ethics, patient involvement, and multidisciplinary collabo-
ration??. Methodological quality therefore extends beyond the selection of an appropriate
study design to the capacity to implement that design effectively throughout the clinical trial
lifecycle®. In this context, capacity building represents a cross-cutting enabler of high-
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quality NCCTs, supported by appropriately trained professionals, multidisciplinary research
Teams, and sustainable organisational and infrastructural structures.

Compared with commercially sponsored research, non-commercial sponsors and ac-
ademic investigators frequently operate with more constrained financial and human re-
sources and may have a limited access to dedicated research personnel, specialised expertise,
and structured educational programmes®. Such limitations can affect multiple stages of the
trial lifecycle, including protocol development, regulatory compliance, study start-up, par-
ticipant recruitment, data quality, trial management, and ultimately the reliability and usa-
bility of the evidence generated. Strengthening human and organisational capacity is there-
fore an important component of sustainable clinical research ecosystem and a strategic pri-
ority for IICTs across Europe?*.

2.1.3.1 Developing methodological competencies of investigators

Developing methodological competence among investigators represents a funda-
mental level of capacity building for NCCTs. Investigators must combine scientific and clin-
ical expertise with practical knowledge of regulatory requirements, quality management,
ethical principles, project coordination, patient involvement, and multidisciplinary collabo-
ration. These competencies are particularly important in NCCTs, where investigators and
academic teams may assume responsibilities that, in commercially sponsored trials, are dis-
tributed across specialised professional functions.

This challenge is addressed in Annex 4, Enhancing Pragmatic Competence in Inves-
tigator-Initiated Clinical Trials: Structure and Evaluation of the CONSCIOUS Il Training
Programme. The programme was developed as a multidisciplinary educational initiative de-
signed to strengthen competencies required across the entire lifecycle. By combining e-
learning, interactive workshops, and case-based learning, it provided practice-oriented train-
ing in protocol development, regulatory requirements, project management, quality assur-
ance, patient involvement, and interdisciplinary collaboration.

Evaluation of the programme demonstrated significant improvements in participants'
self-perceived competencies across multiple domains of clinical research indicating the po-
tential value of combining theoretical knowledge with interactive and practice-oriented
learning. Importantly, the programme reflected a broader concept of methodological com-
petence: beyond understanding research methods, investigators need the ability to apply
them effectively within the regulatory, organisational, ethical, and multidisciplinary context
in which NCCTs are designed and conducted.
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2.1.3.2 Strengthening multidisciplinary research teams

Modern clinical trials increasingly rely on multidisciplinary research Teams, within
which study coordinators play a pivotal role. Although principal investigators retain overall
scientific responsibility, effective trial conduct relies substantially on professional responsi-
ble for coordinating participant recruitment, study documentation, regulatory communica-
tion, data quality, monitoring activities, and day-to-day trial management. Strengthening the
competencies and professional standing of these research professionals therefore represents
an important component of institutional capacity for conducting high-quality NCCTs.

This aspect is explored in Annex 15, The Role of the Clinical Research Coordinator in
Healthcare Institutions — A Cinderella Among Clinical Trial Experts? The national survey demon-
strated substantial heterogeneity in the educational background, responsibilities, employ-
ment conditions, and institutional recognition of study coordinators across Czech healthcare
institutions. Despite their central contribution to the successful conduct of increasingly com-
plex clinical trials, study coordinators remain poorly defined within the Czech healthcare
system and are not formally recognised as a distinct professional category within the national
employment framework.

The study identified the need for harmonised competency frameworks, structured
education, clearly defined career pathways, and formal professional recognition. These find-
ings highlight that building methodological capacity requires investment not only in inves-
tigators but also in the multidisciplinary workforce responsible for translating study proto-
cols and methodological requirements into high-quality trial conduct in routine research set-
tings.

2.1.3.3 From national infrastructures to European collaboration

The complementary roles of national and European research infrastructures are es-
sential for strengthening non-commercial clinical trials (NCCTSs) and enabling their conduct
across borders. At the European level, the European Clinical Research Infrastructure
Network (ECRIN) provides a framework for multinational clinical research, facilitating
cross-border coordination, methodological harmonisation, and access to distributed exper-
tise and services across participating countries. However, effective multinational research
depends fundamentally on strong national clinical research infrastructures capable of
supporting study preparation and implementation within their respective healthcare and re-
gulatory environments.

In the Czech Republic, this role is fulfilled by CZECRIN, the national clinical re-
search infrastructure and the Czech scientific partner within ECRIN. CZECRIN provides
coordinated methodological, regulatory, quality, monitoring, data management, pharmaco-
vigilance, project management, and educational support for clinical research, with particular
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relevance to investigator-initiated and other non-commercial clinical trials. By integrating
expertise and research capacities at the national level, CZECRIN supports investigators and
academic sponsors throughout the clinical trial lifecycle and facilitates their participation in
multinational research.

The relationship between CZECRIN and ECRIN illustrates the multilevel archi-
tecture required for sustainable academic clinical research in Europe. National in-
frastructures provide the interface between investigators, healthcare institutions, academic
sponsors, and the specific regulatory and organisational conditions of individual countries,
while ECRIN connects these national capacities at the European level and enables their
coordinated use in multinational studies. Neither level can fully substitute for the other: ro-
bust national capacity is a prerequisite for effective European collaboration, while European
infrastructure enables national expertise and resources to be integrated into larger, cross-
border research initiatives.

Together, CZECRIN and ECRIN exemplify how interconnected national and
European research infrastructures can transform individual academic research capa-
cities into a coordinated clinical research ecosystem, providing the methodological, ope-
rational, and organisational foundation required to initiate, conduct, and sustain high-quality
multinational NCCTs.

2.1.34 Capacity building as a methodological prerequisite

Collectively, these examples demonstrate that capacity building operates at several
interconnected levels: individual investigators, multidisciplinary research teams, disease-
oriented collaborative networks, national clinical research infrastructures, and European re-
search infrastructures. Methodological excellence in NCCTs therefore extends beyond the
selection of appropriate study designs. It requires sustained investment in education, profes-
sional development, organisational support, and collaborative research networks that enable
investigators and research teams to translate methodological principles into rigorous and
effectively conducted clinical research.

This systems-based approach represents an important characteristic of contemporary
NNCTs. The complementary functions of national infrastructures such as CZECRIN and the
European Clinical Research Infrastructure Network (ECRIN) illustrate how capacity can be
developed and connected across national and European levels, supporting the design and
conduct of multinational NCCTs and the generation of robust, clinically relevant evidence.
In this way, capacity building functions not merely as an educational activity, but as a meth-
odological and infrastructural prerequisite for translating scientific questions into high-qual-
ity evidence and, ultimately, into improvements in patient care and public health. As shown
in Figure 4, ECRIN connects Member and Observer countries within a European research
infrastructure that supports multinational NCCTs and facilitates cross-border collaboration.
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Figure 4: ECRIN"s Member or Observer country to the year 2026.

2.2 Regulation

The conduct of NCCTs in Europe is fundamentally influenced not only by methodo-
logical considerations but also by the regulatory environment within which these trials are
designed and conducted. Although Europe represents one of the world's largest and scien-
tifically strongest research regions, the European clinical trial landscape has historically
been characterised by fragmented national procedures, heterogeneous regulatory interpreta-
tions, unequal research capacities, and substantial administrative complexity. These chal-
lenges have disproportionately affected non-commercial sponsors, who often have more
limited access to dedicated financial, organisational, and regulatory resources than commer-
cial sponsors.

Over the past two decades, the European Union has undertaken major efforts to trans-
form this landscape through legislative harmonisation, digitalisation of regulatory processes,
and the establishment of collaborative research infrastructures. While the introduction of the
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Clinical Trials Regulation (CTR) has a created a more harmonised regulatory framework
across Member States, experience has demonstrated that harmonised legislation alone is in-
sufficient to ensure the efficient conduct of multinational academic clinical research®. In-
creasingly, European policy has evolved beyond regulatory harmonisation towards a broader
concept of regulatory facilitation, recognising that legislation must be complemented by co-
ordinated support structures, specialised expertise, and capacity-building initiatives that en-
able non-commercial sponsors and investigators to effectively navigate complex regulatory
requirements.

Consequently, regulation should no longer be viewed solely as a legal framework gov-
erning clinical trials. Rather, it represents an integral component of the European clinical
research ecosystem, interacting with research infrastructures, regulatory authorities, ethics
committees, national competence centres, and non-commercial sponsors to support the safe,
efficient, and scientifically rigorous conduct of NCCTs, particularly in multinational set-
tings.

2.2.1 European Regulatory Framework

The regulatory framework governing clinical trials in Europe has substantial transfor-
mation over the last two decades. A major milestone was the entry into application on 31
January 2022 of Regulation (EU) No 536/2014 on clinical trials (Clinical Trials Regulation,
CTR), which replaced the previous Clinical Trials Directive 2001/20/EC. Although the Di-
rective represented the first attempt to harmonise clinical trial regulation across the Euro-
pean Union, its implementation through national legislation resulted in multiple parallel na-
tional submissions, differences in regulatory procedures and interpretations, duplicated as-
sessments, and substantial administrative burden. These shortcomings disproportionately af-
fected multinational NCCTs and their sponsors, for whom the administrative and regulatory
requirements associated with conducting trials across several countries represented a partic-
ular challenge.

The Clinical Trials Regulation was designed to overcome these limitations by intro-
ducing a harmonised legal framework supported by the Clinical Trials Information System
(CTIS). CTIS enables a single electronic submission for multinational clinical trials, coor-
dinated assessment by participating Member States, harmonised regulatory timelines, and
increased transparency through public access to clinical trial information. Collectively, these
measures aim to simplify regulatory procedures while maintaining high standards of partic-
ipant protection and scientific quality. Figure 5 illustrates the CTIS assessment workflow
and the timelines applicable to Member States under the Clinical Trials Regulation, high-
lighting the coordinated evaluation process and harmonised decision-making across partic-
ipating countries®.
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Figure 5: Clinical Trials Information System (CTIS) workflow and timeline for Mem-
ber State assessment.
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For NCCTs, these developments represent an important opportunity to reduce fragmen-
tation and facilitate multinational collaboration. At the same time, non-commercial sponsors
remain responsible for fulfilling complex regulatory requirements, including pharmacovig-
ilance, quality management, investigational medicinal product oversight, transparency obli-
gations, and data governance. Consequently, regulatory harmonisation alone does not elim-
inate the need for specialised methodological and regulatory support.

An important recent development illustrating the continuing evolution of the European
regulatory landscape is the FAST-EU (Facilitating and Accelerating Strategic Clinical Tri-
als) pilot initiative. Launched in 2026 by the Clinical Trials Coordination Group under the
Heads of Medicines Agencies, together with MedEthics EU, FAST-EU aims to accelerate
the coordinated assessment and authorisation of selected multinational clinical trials while
operating fully within the Clinical Trials Regulation and CTIS framework. The pilot intro-
duces an accelerated coordinated assessment process, with an overall target of 70 calendar
days from CTIS submission to final conclusion, including sponsor response times. Beyond
shortening timelines, FAST-EU illustrates the broader evolution from regulatory harmoni-
sation towards active regulatory facilitation, testing whether more streamlined and predict-
able assessment processes can be achieved within the existing European regulatory frame-
work while maintaining scientific, safety, and ethical standards?.

Ethical oversight remains a cornerstone of European clinical research regulation.
NCCTs may address clinically important questions in vulnerable populations, including
children, critically ill patients, and individuals living with rare diseases. These studies re-
quire careful evaluation of scientific justification, proportionality of risks and benefits, in-
formed consent procedures, and patient protection. Ethical review therefore represents an
integral component of responsible clinical research and participant protection, closely linked
to methodological quality, rather than merely an administrative requirement.
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Similarly, compliance with Good Clinical Practice (GCP) provides an internationally
recognised framework for protecting trial participants and ensuring the reliability of clinical
trial data. Although GCP principles apply equally to commercial and non-commercial re-
search, implementation may be particularly demanding for academic institutions with lim-
ited access to dedicated clinical trial units and specialised quality management systems®.

Data governance has emerged as another critical regulatory consideration following the
implementation of the General Data Protection Regulation (GDPR). While GDPR signifi-
cantly strengthened the protection of personal data, differences in national interpretation and
institutional implementation may continue to complicate multinational data sharing, second-
ary use of research data, and informed consent procedures. These inconsistencies can con-
tribute to administrative complexity for multinational 11CTs?°.

Taken together, the European regulatory framework has evolved from a fragmented
legislative environment towards an increasingly coordinated regulatory ecosystem. Never-
theless, successful implementation of harmonised legislation depends on complementary
regulatory expertise, methodological support, and specialised clinical research infrastruc-
tures capable of supporting non-commercial sponsors and investigators throughout the clin-
ical trial lifecycle.

2.2.2 National Disparities

Despite substantial progress in European regulatory harmonisation, important dispari-
ties persist among Member States regarding the conduct and support of NCCTs. These dif-
ferences extend beyond legislation to encompass funding opportunities, administrative ca-
pacity, institutional infrastructure, regulatory expertise, and national research priorities.
Consequently, investigators and non-commercial sponsors operating in countries with less
developed support structures may face additional barriers to initiating and conducting clini-
cal trials, irrespective of the scientific quality of the research questions®®.

Funding inequality represents one of the principal structural barriers affecting NCCTs.
NCCTs frequently depend on public funding, institutional resources, or competitive Euro-
pean programmes, which may provide limited continuity across the clinical trial lifecycle.
Unlike commercially sponsored trials NCCTs may lack dedicated funding mechanisms cov-
ering the full pathway from study preparation and regulatory submission through trial con-
duct, analysis, and dissemination?’.

This challenge was investigated in Annex 2, The Current Status of European and Na-
tional Financial Sources for Clinical Research and Their Impact on Paediatric Non-com-
mercial Clinical Trials: A Case Study of the Czech Republic. The study demonstrated that
funding mechanisms supporting paediatric NCCTs were fragmented and frequently insuffi-
cient to sustain activities from protocol development to dissemination of results. While Eu-
ropean funding programmes provide valuable opportunities, national funding mechanisms
may not provide dedicated and continuous support across all stages of 1ICTs.
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National differences were further explored in Annex 1, Investigator-Initiated Clinical
Trials (1ICTs): A Systematic Search in Registries to Compare the Czech Republic and Por-
tugal in Terms of Funding Policies and Scientific Outcomes. This comparative analysis iden-
tified how different national funding and research environments may be associated with dif-
ferences in clinical research activity and scientific output.

In addition to financial inequalities, non-commercial sponsors and investigators may
face substantial administrative and operational requirements associated with ethics approv-
als, contractual negotiations, pharmacovigilance, insurance, data protection, and regulatory
reporting. The relative burden of these requirements may be particularly relevant for low-
risk pragmatic trials evaluating established or standard-of-care interventions, reinforcing the
importance of proportionate regulatory approaches aligned with the actual risks and com-
plexity of the trial?,

These observations illustrate that harmonised legislation alone cannot eliminate dispar-
ities in the European clinical research landscape. Successful implementation of NCCTSs re-
quires national systems capable of translating European legislation into practical support for
researchers?,

Recognising this need, the European Commission has supported collaborative initia-
tives aimed at strengthening the capacity available to non-commercial sponsors alongside
regulatory harmonisation. An important example is the EU4Health Joint Action "Support to
Non-Commercial Sponsors (Support-NCS)", coordinated by CZECRIN (Masaryk Univer-
sity)®0. The Joint Action brings together national competent authorities, clinical research
infrastructures, and national competence centres across Europe to strengthen support avail-
able to non-commercial sponsors, including through education and training, scientific and
regulatory support, Exchange of expertise and good practise, and the development of shared
approaches and guidance. By strengthening national competence while promoting collabo-
ration across Member States, the initiative seeks to reduce disparities in regulatory expertise
and improve the quality and efficiency of multinational NCCTs.

The Joint Action reflects an important evolution in European clinical research policy.
Rather than focusing exclusively on harmonising legislation, current initiatives increasingly
recognise that successful implementation depends equally on strengthening national com-
petencies and creating sustainable support systems for investigators. This approach comple-
ments the role of European research infrastructures by ensuring that academic investigators
receive practical methodological and regulatory support within their own national healthcare
systems while remaining fully integrated into the broader European clinical research eco-
system®L,

Collectively, these findings demonstrate that effective regulation of NCCTs extends
beyond legislative harmonisation. Sustainable NCCTSs requires an integrated regulatory eco-
system combining harmonised European legislation, proportionate regulatory requirements,
specialised national expertise and support structures, coordinated scientific advice, appro-
priate and sustainable funding mechanisms, and research infrastructures capable of support-
ing investigators throughout the entire clinical trial lifecycle. Recent developments—
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including the Clinical Trials Regulation, CTIS, the FAST-EU pilot, and the EU4Health Joint
Action Support-NCS—illustrate an evolution beyond regulatory harmonisation towards a
broader model of regulatory facilitation, aimed at making the European regulatory frame-
work more accessible and navigable for non-commercial sponsors while maintaining high
standard of scientific quality, patient safety, and ethical integrity, is presented in Figure 6 2°.

Figure 6: Development of European Clinical Trial Ecosystem
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2.3 Research Infrastructures as Enablers

The increasing complexity of contemporary clinical research has highlighted that high-
quality NCCTs depend not only on scientific excellence but also on sustainable research
infrastructures capable of supporting non-commercial sponsors, investigators, and research
teams throughout the clinical trial lifecycle. Modern NCCTs require access to specialised
expertise and services, including methodological consultation, regulatory guidance, quality
management, monitoring, data management, education, patient and public involvement. The
integration of these functions may extend beyond the capabilities of individual research
groups and institutions, particularly in complex or multinational NCCTs, creating a need
dedicated organisational structures and collaborative infrastructures at national and Euro-
pean levels®?,

Research infrastructures have consequently become important enabling components of
the European clinical research ecosystem. Their roles include reducing fragmentation, sup-
porting the harmonisation of research practices, enabling multinational collaboration, and
providing non-commercial sponsors and investigators with access to the expertise and ser-
vices required to design and conduct high-quality clinical trials®3. By connecting methodo-
logical, regulatory, operational, and disease-specific expertise across institutions and coun-
tries, research infrastructures provide an organisational framework through which scientific
questions can be translated into feasible and coordinated clinical research.

2.3.1 ECRIN as the European horizontal infrastructure

The European Clinical Research Infrastructure Network (ECRIN) represents a key Eu-
ropean research infrastructure supporting multinational NCCTs across multiple therapeutic
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areas. Unlike disease-specific research initiatives, ECRIN provides horizontal methodolog-
ical and operational support that is independent of medical specialty or disease area. Its ser-
vices include methodological consultation, regulatory support, monitoring, quality manage-
ment, data management, biostatistics, trial management, and coordination of multinational
studies®.

By supporting harmonised approaches across participating countries and providing ac-
cess to specialised expertise, ECRIN facilitates the design and conduct of complex multina-
tional NCCTs by connecting investigators and sponsors with research capacity and expertise
across national boundaries. Importantly, ECRIN does not replace national research infra-
structures; rather, it connects national scientific partners within a coordinated European
framework, combining national expertise and operational capacity to support complex mul-
tinational clinical research®,

2.3.2 The role of national research infrastructures

Successful multinational clinical research relies on sufficient research capacity within
participation countries. While ECRIN facilitates and coordinates cros-border collaboration,
participating country require national capacity to support non-commercial sponsors and in-
vestigators, provide access to methodological and regulatory expertise, develop human re-
sources, and coordinate research activities at the national level®.

The Czech Clinical Research Infrastructure Network (CZECRIN) illustrates this com-
plementary role. As the Czech national clinical research infrastructure and national scientific
partner of ECRIN, CZECRIN provides comprehensive supporting NCCTs, including meth-
odological consultation, regulatory guidance, monitoring, data management, education,
quality management, and coordination of multicentre clinical studies. In addition to facili-
tating Czech participation in multinational ECRIN-supported trials, CZECRIN supports the
development of national capacity through activities adapted to the Czech clinical research
environment, including investigator and research-team training, support for clinical trial
units, coordination of disease-oriented research networks, and broader capacity-building in-
itiatives®.

This complementary relationship between ECRIN and CZECRIN illustrates a multi-
level model of European clinical research infrastructure. European and national infrastruc-
tures perform distinct but interconnected functions: European-level coordination facilitates
cross-border collaboration, while national infrastructures provide locally accessible meth-
odological, regulatory, operational, and organisational capacity. Together, these comple-
mentary functions connect national research environments with European collaboration and
support the implementation of multinational NCCTs across participating countries.

2.3.3 Disease-oriented research networks

While horizontal infrastructures such as ECRIN and national infrastructures such as
CZECRIN provide support across multiple areas of clinical research, certain scientific and
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public health challenges benefit from additional disease-oriented or thematic- research net-
works. These networks are particularly valuable in areas characterised by rapidly evolving
scientific knowledge, highly specialised expertise, urgent public health needs, or dispersed
patient populations. Rather than replacing horizontal infrastructures, such networks comple-
ment them by bringing together domain-specific expertise, connecting specialised clinical
sites and patient populations, supporting harmonised research approaches, and facilitating
collaboration around defined clinical or public health priorities.

The strategic importance of such networks became particularly evident during the
COVID-19 pandemic, when the need for rapid initiation and implementation of multina-
tional vaccine trials required extensive cross-border coordination and rapid mobilisation of
clinical research capacity. In response, the VACCELERATE consortium was established
as a pan-European clinical research network focused on COVID-19 vaccine trials, bringing
together clinical trial sites, expertise, participant-recruitment capacity, and public engage-
ment activities across country®. VACCELERATE therefore provides an example of how a
thematic European network can complement existing horizontal and national infrastructures
by mobilising specialised research capacity around a specific and rapidly evolving public
health need.

2.3.3.1 VACCELERATE as a model of thematic European research capacity

Several publications included in this habilitation illustrate how thematic research net-
works can develop complementary capacities that address challenges extending beyond the
scope of individual clinical trials.

Annex 16, VACCELERATE Site Network: Real-time Definition of Clinical Study Ca-
pacity in Europe, describes the establishment of a continuously updated European network
of clinical trial sites designed to support rapid assessment of study feasibility and identifica-
tion of suitable sites for multinational vaccine trials. By systematically mapping site infra-
structure, expertise, and potential recruitment capacity across Europe, the network created a
mechanism for evidence-informed site identification and more efficient feasibility assess-
ment during the preparation of multinational studies.

Complementing this initiative, Annex 17, VACCELERATE Volunteer Registry: A Eu-
ropean Study Participant Database to Facilitate Clinical Trial Enrolment, presents the de-
velopment of a centralised European volunteer registry enabling citizens to express interest
in participating in vaccine trials. The registry established a cross-country mechanism for
connecting potentially eligible volunteers with clinical studies, thereby supporting partici-
pant identification and recruitment across participating countries. Beyond its operational re-
cruitment function, the registry also created a direct interface between the research infra-
structure and citizens interested in contributing to vaccine research.

The importance of public engagement was further addressed in Annex 18, Enhancing
Public Health Communication Regarding Vaccine Trials: Design and Development of the
Pan-European VACCELERATE Toolkit. This initiative developed multilingual
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communication resources designed to improve public understanding of vaccine research,
address misinformation, and support informed participation in clinical trials. Together, the
Site Network, Volunteer Registry, and communication toolkit illustrate how thematic re-
search networks can integrate site preparedness, participant access, and public engagement
within a coordinated research framework. They also demonstrate that enabling infrastructure
for clinical research extends beyond methodological and operational trial support to include
communication, trust-building, and meaningful engagement with patients and the public.

2.3.4 Research infrastructures as an integrated ecosystem

Collectively, these examples demonstrate that research infrastructures and collabora-
tive research networks operate at multiple complementary levels. Horizontal infrastructures
such as ECRIN support multinational NCCTs across therapeutic areas by providing cross-
border coordination and access to specialised expertise. National infrastructures such as
CZECRIN develop and provide access to the methodological, regulatory, operational, and
organisational capacities required within individual countries and support their participation
in multinational studies. Disease-oriented and thematic research networks complement these
structures by mobilising specialised expertise, clinical sites, patient populations, and other
research capacities around defined clinical, scientific, or public health priorities.

Rather than functioning independently, these structures interact within an integrated
European clinical research ecosystem. Their complementary roles can help reduce fragmen-
tation, strengthen methodological quality, support efficient trial preparation and conduct,
facilitate patient recruitment, and enhance public engagement. This multi-level and inter-
connected model enable 1ICTs to address research questions that would be difficult or im-
possible for individual institutions to undertake alone.

The experience gained through ECRIN, CZECRIN, and VACCELERATE illustrates
that a sustainable European ecosystem for NCCTs depends not only on scientific excellence
and regulatory harmonisation, but also on research infrastructures and collaborative net-
works capable of connecting methodological expertise, operational support, national re-
search capacity, disease- and theme-specific expertise, and multinational coordination. In
this way, research infrastructures function as enabling structures that connect scientific ques-
tions with the expertise, capacity, and cross-border collaboration required to translate them
into high-quality clinical research.
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3 Investigator-Initiated Clinical Trials as Drivers of
Clinical Innovation

3.1 Comparative Effectiveness Research

Comparative effectiveness research (CER) represents an important scientific contribu-
tion of NCCTs to evidence-based healthcare. Unlike registration trials designed primarily to
demonstrate the efficacy and safety of novel medicinal products to support regulatory deci-
sion-making, comparative effectiveness studies seek to determine the relative benefits and
risks of alternative therapeutic or healthcare strategies in conditions relevant to clinical prac-
tise. Their primary objective is therefore not the introduction of new technologies to the
market, but the optimisation of clinical practice through the generation of evidence directly
applicable to clinical and healthcare decision-making®®=’.

Historically, many medicinal products have been authorised on the basis of evidence
generated in placebo-controlled superiority trials. Such studies have played a fundamental
role in demonstrating efficacy and remain an important methodological otion when no
proven therapy exists. The Declaration of Helsinki recognises placebo as an ethically ac-
ceptable comparator not only in the absence of an established intervention but also where
compelling and scientifically sound methodological reasons justify its use and participants
receiving placebo are not exposed to additional risks of serious or irreversible harm. Conse-
quently, placebo-controlled studies continue to play an important role in clinical research
and remain particularly common in commercially sponsored drug development pro-
grammes, where demonstrating superiority over placebo is often sufficient for regulatory
approval®,

However, once an effective standard of care has been established, the choice of com-
parator becomes both an ethical and a scientific consideration. In such settings, the appro-
priateness of placebo use depends on the research question, clinical context, availability of
an established treatment, and the potential risks associated with withholding effective ther-
apy. This principle is reflected not only in the Declaration of Helsinki but also in the ICH
E10 Guideline on Choice of Control Group and Related Issues in Clinical Trials, which
provides a methodological framework for selecting appropriate comparators according to
the scientific objective, ethical acceptability, and clinical context. Active-controlled superi-
ority or non-inferiority trials may therefore be particularly relevant in therapeutic areas,
particularly in cardiovascular medicine, infectious diseases, oncology, and chronic diseases,
where effective treatments are already available®.

From the perspective of evidence-based medicine, active-comparator trials provide in-
formation that is often directly relevant to routine clinical decision-making than placebo-
controlled studies. While placebo comparisons can establish the efficacy of an intervention
relative to placebo, head-to-head comparisons can determine the relative benefits and risks
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of alternative therapeutic strategies, including differences in effectiveness, safety, conven-
ience, other outcomes relevant to patients and healthcare systems. Such evidence is im-
portant not only by clinicians but also by health technology assessment bodies, healthcare
payers, and clinical guideline developers®.

For NCCTs, active-comparator designs are particularly important. Whereas commer-
cially development programmes necessarily address evidence requirement related to mar-
keting authorisation, NCCTs frequently address questions arising from clinical practise that
may remain in answered after regulatory approval, including optimisation of existing thera-
peutic strategies, compare standards of care, evaluate treatment pathways, and answer ques-
tions arising directly from clinical practice. Consequently, comparative effectiveness re-
search represents an important area of NCCTs!341,

This distinction reflects not only different scientific priorities but also important prac-
tical considerations. For non-commercial sponsors, the development and manufacturing of
matching placebo medicinal products may represent substantial financial, logistical, and reg-
ulatory challenges that frequently exceed the resources available to non-commercial spon-
sors. Manufacturing placebo medicinal products may involve Good Manufacturing Practice
(GMP)-compliant production, quality control, packaging, labelling, stability testing, and
regulatory documentation, increasing study costs and operational complexity?. In settings
where an established standard of care exists and an active comparator appropriately ad-
dresses the research question, placebo-controlled designs may therefore be neither necessary
nor the most clinically informative option. Comparative studies of established therapeutic
strategies or standard-of-care interventions can instead generate evidence with direct rele-
vance to everyday healthcare 3%

The author's research presented in this habilitation thesis illustrates several comple-
mentary applications of comparative effectiveness research. The COINN trial, Annex 6, in-
vestigated continuous versus intermittent enteral nutrition in critically ill patients, addressing
an important clinical question concerning the optimisation of supportive care using a prag-
matic comparative design. Rather than evaluating a novel medicinal product, the study com-
pared two routinely used treatment strategies to generate evidence relevant to their use in
clinical practice.

Similarly, the DAPT-SHOCK-AMI trial, Annex 19, compared intravenous cangrelor
with crushed ticagrelor in patients with acute myocardial infarction complicated by cardio-
genic shock. This investigator-initiated randomised trial addressed a therapeutic question in
a critically ill and clinically complex in whom treatment evidence is limited. By directly
comparing two established antiplatelet strategies under emergency conditions, the study ex-
emplifies the ability of NCCTs to address clinically relevant comparative questions in spe-
cialised patient populations. The concept of comparative effectiveness research extends be-
yond pharmacological interventions. The BLUEPAT study, Annex 7, demonstrates how in-
vestigator-initiated research can evaluate innovative patient-centred approaches within rou-
tine healthcare delivery, expanding comparative effectiveness research beyond therapeutic
interventions to organisational and healthcare-delivery strategies. Such studies illustrate that
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the optimisation of patient care frequently depends not only on the selection of medicinal
products but also on improvements in healthcare processes and clinical pathways.

Looking ahead, the concept of the comparator in clinical research is beyond therapeutic
interventions to organisational and healthcare-delivery strategies. The recently adopted ICH
E6(R3) Good Clinical Practice Guideline, particularly Annex 2, formally recognises the
increasing role of real-world data (RWD), registries, and external control cohorts may com-
plement conventional randomised comparisons in appropriate designed studies, particularly
where conventional randomisation is difficult or where additional contextual evidence is
required. Contemporary clinical research frameworks increasingly recognise the use of di-
verse data sources and trial designs, provided that their fitness for purpose, data quality, and
methodological validity are adequately addressed, especially in rare disease, ATMPs and
other specific situations 2°.

Beyond these approaches, Al-driven technologies have the potential to further trans-
form comparative clinical research. Advanced computational models, including virtual pa-
tients, digital twins, and virtual control arms, may in the future support modelling of disease
progression and treatment response by integrating clinical, molecular, imaging, and real-
world data. Although these approaches are still under active development and require further
methodological validation and regulatory acceptance, they may eventually contribute to re-
ducing recruitment requirements and improving the feasibility of research in small or vul-
nerable populations®.

European initiatives such as CERTAINTY, which is developing patient-specific vir-
tual twins to support personalised decision-making in CAR-T cell therapy, illustrate the de-
velopment of Al-enabled computational modelling approaches in healthcare. While the pri-
mary objective of CERTAINTY is clinical decision support rather than clinical trial design,
projects of this type establish the scientific and technological foundations that may ulti-
mately enable more sophisticated data-driven comparative methodologies in future clinical
research®®44,

Collectively, the studies presented in Annexes 6, 7, and 19 demonstrate that investiga-
tor-initiated comparative effectiveness research extends beyond conventional comparisons
of medicinal products. Through pharmacological, supportive-care, and healthcare-delivery
interventions, these studies illustrate how NCCTs can address comparative questions arising
directly from clinical practice and generate evidence relevant to therapeutic choices, care
processes, and patient-centred healthcare. More broadly, comparative effectiveness research
is itself evolving as conventional randomised comparisons are increasingly complemented,
where methodologically appropriate, by real-world data, external controls, and emerging
computational approaches. Together, these developments illustrate the continuing adapta-
tion of comparative clinical research to changing scientific, clinical, and methodological
possibilities while preserving its central objective: generating evidence that supports better-
informed patient care.
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3.2 Optimising Existing Therapies

The optimisation of established therapeutic interventions represents an important
contribution of NCCTs to evidence-based medicine. Beyond establishing whether an inter-
vention is effective, NCCTs frequently address a complementary and clinically relevant
question: how can existing therapies be used more effectively, safely, and appropriately in
routine clinical practice?

Many medicinal products continue to be used for many years after marketing authori-
sation. During this period, new evidence may emerge regarding their pharmacokinetic and
pharmacodynamic properties, optimal dosing strategies, effectiveness in previously under-
studied populations, drug-drug interactions, long-term safety, and potential use in new clin-
ical indications. Some of these questions may remain insufficiently addressed by conven-
tional drug-development programmes, particularly where additional evidence is unlikely to
generate substantial commercial return despite its clinical relevance for patients and
healthcare systems®.

Consequently, optimisation of existing therapies represents an important area of
NCCTs. These studies frequently investigate approved medicinal products in populations,
clinical contexts, or therapeutic strategies that were not comprehensively evaluated during
their original development. Typical examples include critically ill patients, children, patients
with rare diseases, individuals receiving extracorporeal organ support, or populations with
multiple comorbidities. NCCTs can therefore plays a crucial role in extending the evidence
base beyond the populations and clinical settings originally investigated during drug devel-
opment*®.

From a methodological perspective, optimisation studies occupy an important position
throughout the lifecycle of medicinal products. Rather than generating evidence primarily
to support initial market authorisation, they contribute to the continuous refinement of ther-
apeutic use after medicines enter c clinical practice. Their findings may inform dosing rec-
ommendations, treatment guidelines, prescribing practices, and potentially reimbursement
of other healthcare decision-making, thereby contribution to improved treatment effective-
ness and patient safety*’.

The author's publications presented in this section illustrate three complementary ap-
proaches through which NCCTs can contribute to the optimisation of existing therapies:

- improving pharmacotherapy in highly specialised clinical settings,

- generating pharmacokinetic evidence in complex patient populations, and

- identifying new therapeutic applications for already authorised medicinal products
through drug repurposing.

3.2.1 Clinical Pharmacology and Optimisation in Critically 11l Patients

One of the major challenges in clinical pharmacology is the use of established me-
dicinal products in patients whose physiological conditions differ substantially from those
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represented in the populations studied during pre-authorisation development. Critical illness
can substantially alter drug absorption, distribution, metabolism, and elimination, making
extrapolation from standard dosing recommendations uncertain. NCCTs and investigator-
initiated pharmacological studies can therefore generate evidence needed to refine therapeu-
tic strategies in these complex patient populations and supports the safer and more effective
use of existing medicines.

The author's early research focused on understanding the pharmacokinetic and phar-
macodynamic factors influencing drug effectiveness in critically ill patients. Annex 20, Im-
paired bioavailability and antiplatelet effect of high-dose clopidogrel in patients after car-
diopulmonary resuscitation (CPR), demonstrated that despite administration of high-dose
clopidogrel, patients following successful cardiopulmonary resuscitation exhibited mark-
edly reduced bioavailability and insufficient platelet inhibition. The study highlighted the
potential impact of critical illness on drug absorption and therapeutic response, demonstrat-
ing that dosing strategies established in more stable patient populations may not necessarily
achieve comparable drug exposure or pharmacodynamic effects in critically ill patients.

The optimisation of pharmacotherapy in patients with altered routes of drug admin-
istration was further investigated in Annex 21, Quantitative analysis of drug losses admin-
istered via nasogastric tube — An in vitro study. This work quantified drug losses occurring
during administration through nasogastric tubes and demonstrated that the administration
process itself may substantially influence the delivered dose. The findings identified practi-
cal factors relevant to medication administration in intensive care settings and demonstrated
how targeted experimental studies can address clinically relevant uncertainties in the safe
and effective delivery of established medicines.

These early studies established the scientific foundation for the author's subsequent
I1ICTs aimed at optimising pharmacotherapy in highly specialised clinical settings. This re-
search trajectory was subsequently extended in Annex 8, Changes of colistin pharmacoki-
netics in critically ill patients due to extracorporeal membrane oxygenation: protocol for
the COL-ECMO02022 trial. Building upon previous work investigating altered drug disposi-
tion in critically ill patients, this prospective investigator-initiated Phase 1V pharmacokinetic
study was designed to evaluate the influence of extracorporeal membrane oxygenation on
colistin pharmacokinetics. By integrating prospective pharmacokinetic sampling with pop-
ulation pharmacokinetic in critically ill patients receiving ECMO, the study aimed to char-
acterise changes in colistin disposition and generate evidence to inform dosing in a clinical
setting where pharmacokinetic uncertainty may have important therapeutic consequences.

Taken together, these studies demonstrate a progressive development of the author's
research in clinical pharmacology, from identifying factors affecting drug exposure and ad-
ministration in critically ill patients to the design of a prospective pharmacokinetic NCCT
addressing drug disposition during advanced organ support. They illustrate how 1ICTs re-
search can complement evidence generated during medicinal product development by ad-
dressing pharmacological uncertainties that emerge when established therapies are used in
complex patient populations and clinical settings. More broadly, they exemplify an
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important contribution of NCCTs and related 1ICTs: extending and refining the evidence
base for medicinal products throughout their lifecycle to support their safe, effective, and
context-appropriate use in clinical practice.
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4 Translational and Precision Medicine

4.1 Introduction

The transition from conventional "one-size-fits-all" medicine towards precision
medicine represents a major transformation in contemporary healthcare. Advances in ge-
nomics, molecular biology, advanced imaging, computational modelling, artificial intelli-
gence, and cell-based therapies have created new opportunities to tailor diagnosis, progno-
sis, and treatment to individual patients and disease characteristics. However, scientific dis-
coveries alone do not necessarily translate into improve patient outcomes. Their successful
implementation requires rigorous translation and clinical research to establish analytical and
clinical validity, evaluate diagnostic and therapeutic approaches, optimise treatment strate-
gies, and demonstrate clinical utility in relevant patient populations and healthcare setting“®.

As discussed in the previous chapters, IICTs complements commercially sponsored
drug development by addressing clinically important questions that may arise throughout
the therapeutic development and implementation pathway. Whereas commercial clinical de-
velopment necessarily includes studies required to establish the efficacy, safety, and quality
of medicinal products for regulatory approval, NCCTs can address complementary ques-
tions concerning how diagnostic and therapeutic innovations should be selected, adapted,
and implemented in clinical practice. These questions include identifying patients most
likely to benefit from treatment, validating predictive and prognostic biomarkers, optimising
treatment delivery, refining treatment sequencing, investigating determinants of treatment
delivery, improving manufacturing processes, and integrating advanced diagnostics into
clinical decision-making®.

Consequently, NCCTs can play a unique and important role in the translational path-
way by generating evidence that connects biomedical discoveries and technological innova-
tions with their evaluation and implementation in patient care. In precision medicine, this
may include the prospective validation of biomarkers, evaluation of biomarker-guided ther-
apeutic strategies, optimisation of treatment delivery, and investigation of patient-specific
factors influencing the feasibility or effectiveness of complex therapies.

The studies included in this habilitation illustrate different stages and dimensions of
this translational continuum—from biomarker development and clinical validation, through
personalised treatment selection and optimisation of treatment delivery, to the development
and manufacture of personalised Advanced Therapy Medicinal Products (ATMPS). To-
gether, they demonstrate that precision medicine extends beyond molecularly targeted ther-
apies to encompass biomarker-guided treatment selection, functional and prognostic assess-
ment, precision in treatment delivery, and the integration of patient-specific biological char-
acteristics into the development and manufacturing of complex medicinal products.
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4.2  Biomarkers for personalised treatment selection

A fundamental objective of precision medicine is to identify patients who are most
likely to benefit from a particular therapeutic intervention, while minimising ineffective or
unnecessary treatment in those unlikely to benefit. Biomarkers therefore have the potential
to support therapeutic decision-making by informing treatment selection, stratification, or
prediction of treatment response.

Importantly, biomarkers used in precision medicine are highly heterogeneous. De-
pending on the clinical question, they may include molecular characteristics, imaging find-
ings, electrophysiological signals, pharmacological measurements, or functional character-
istics of patient-derived biological material. Clinical research plays an essential role in trans-
lating such candidate biomarkers from biological or technological observations into clini-
cally validated tools by establishing their predictive or prognostic performance and evaluat-
ing their potential clinical utility. NCCTs can contribute particularly where biomarker vali-
dation is embedded within clinically driven questions of treatment selection or optimisation.

This concept is illustrated by the Annex 9, the GlioMET study, which translates ad-
vances in tumour metabolism into a clinical investigation evaluating metformin as a metab-
olism-targeting therapeutic strategy for glioblastoma. By integrating molecular tumour char-
acteristics, advanced metabolic imaging, and clinical outcomes, the study provides a frame-
work for investigating whether biological and metabolic tumour characteristics are associ-
ated with treatment response and may contribute to future patient stratification. Rather than
evaluating a novel medicinal product, GlioMET investigates the therapeutic potential of an
existing medicine in relation to the biological characteristics of the tumour, linking drug
repurposing with a precision-medicine approach.

A complementary strategy is represented by the Annex 10, the PRECISE study, ad-
dressing personalised treatment selection in patients with drug-resistant epilepsy undergoing
vagus nerve stimulation. Since only a proportion of patients experience meaningful clinical
benefit, PRECISE is designed to prospectively validate an electroencephalography-based
predictive model for identifying patients more likely to respond to VNS before implantation.
Unlike genomic biomarkers, this approach relies on electrophysiological characteristics de-
rived from EEG, demonstrating that precision medicine is not restricted to molecular profil-
ing but may also incorporate functional biomarkers generated using clinically accessible
technologies.

Together, these studies illustrate complementary routes towards more personalised
therapeutic decision-making. GlioMET investigates the relationship between tumour biol-
ogy, metabolic characteristics, and therapeutic response, whereas PRECISE prospectively
evaluates a functional biomarker for prediction of response to an established therapeutic
intervention. Both illustrate how clinically oriented research can move beyond average treat-
ment effects towards understanding interindividual variability in treatment response and
generating evidence that may ultimately support more targeted use of healthcare interven-
tions.
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4.3  Optimisation of therapeutic delivery and clinical management

Precision medicine extends beyond treatment selection and patient stratification. It
also encompasses the optimisation of how therapeutic interventions are delivered, with the
aim of reducing avoidable variability in treatment exposure and ensuring that intended ther-
apeutic strategies are implemented as accurately and consistently as possible in clinical prac-
tice.

This concept is illustrated by the Annex 21, Quantitative Analysis of Drug Losses
Administered via Nasogastric Tube, which quantified drug losses associated with the ad-
ministration of medicines through nasogastric tubes and demonstrated that the administra-
tion process itself may influence the amount of drug ultimately delivered to critically ill
patients. Using quantitative analytical methods, the study identified sources of variability
arising during drug preparation and administration and provided evidence relevant to opti-
mising medication delivery in patients requiring enteral administration. Although this ap-
proach does not involve molecular or predictive biomarkers, it represents another dimension
of precision medicine: reducing treatment variability by ensuring more accurate and repro-
ducible delivery of the intended therapy.

This study therefore extends the concept of precision medicine from identifying the
appropriate treatment for an individual patient to optimising the delivery of that treatment
in clinical practice. It illustrates how translational research can address practical sources of
therapeutic variability and generate evidence supporting more precise and context-appropri-
ate use of established medicines.

4.4 Personalised Advanced Therapy Medicinal Products

The complexity of precision medicine is particularly evident in the field of ATMPs,
especially in autologous cell-based therapies, where the characteristics of the medicinal
product may be intrinsically linked to patient-derived starting material and individual man-
ufacturing processes. Unlike conventional medicinal products, the development of such
therapies may require coordinated optimisation of patient selection, biological material qual-
ity, manufacturing procedures, quality control, release criteria, and clinical administration.
For personalised cell-based therapies, clinical and manufacturing considerations are there-
fore closely interconnected throughout the translational pathway.

This concept is illustrated by the Annex 11, Dendritic Cell-Based Immunotherapy
in Advanced Sarcoma and Neuroblastoma Paediatric Patients, which investigated patient-
and treatment-related determinants affecting the generation and functional characteristics of
autologous dendritic-cell vaccines. The study demonstrated that prior anticancer treatment
was associated with characteristics of the monocyte starting material and subsequent den-
dritic-cell differentiation and function, including antigen-presenting capacity and cytokine
production. These findings indicate that variability in the resulting cell-based medicinal
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product may arise not only from the manufacturing process itself but also from the biological
characteristics and treatment history of the individual patient from whom the starting mate-
rial is obtained.

Methodologically, this study represents a highly integrated translational investiga-
tions included in this habilitation. It combines clinical oncology, immunology, laboratory
medicine, GMP manufacturing, quality control, and assessment of functional cellular char-
acteristics within an IICTs setting. Rather than considering the therapeutic intervention
solely in terms of clinical outcomes, it incorporates manufacturing quality attributes, func-
tional immunological parameters, and biological characteristics of the starting material as
interconnected determinants relevant to the development of an autologous cell-based ther-
apy.

This perspective extends precision medicine beyond the selection or delivery of a
therapeutic intervention. In autologous cell-based therapies, patient-specific biological char-
acteristics may influence not only potential treatment response but also the properties and
potentially the manufacturability of the medicinal product itself. Investigator-initiated trans-
lational research can therefore contribute to understanding and optimising the continuum
from patient selection and collection of biological material through GMP manufacturing and
quality control to clinical administration. This example also illustrates the contribution that
academic and IICTs can make to ATMP development by investigating questions at the in-
terface between patient biology, manufacturing, and clinical care. Understanding how char-
acteristics of the starting material, previous treatment exposure, manufacturing processes,
and clinical timing interact is particularly important for the development of personalised
cell-based therapies and may inform strategies to improve manufacturing consistency and
their subsequent clinical evaluation.

4.5  From biomarker innovation to precision clinical care

Despite the rapid expansion of biomedical research, translation of promising bi-
omarkers, technologies, and therapeutic concepts into clinically useful interventions remains
a complex multistep process. Successful translation requires analytical validation, clinical
validation, demonstration of clinical utility, integration into healthcare pathways, and pro-
spective evaluation within appropriately designed clinical studies. NCCTs plays a pivotal
role in this process by addressing clinically relevant questions that frequently extend beyond
the objectives of commercial product development.

The studies presented in this chapter illustrate different stages and dimensions of this
translational continuum. Annex 9, GlioMET translates advances in tumour biology into a
clinical investigation linking biological and metabolic tumour characteristics with therapeu-
tic response and potential future patient stratification. Annex 10, PRECISE, is designed to
prospectively validate an electrophysiological predictor of treatment response. Annex 21
extends the concept of precision from treatment selection to treatment delivery by
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identifying and quantifying sources of variability during nasogastric drug administration.
Finally, Annex 11 extends personalisation to the medicinal product itself, demonstrating
how patient- and treatment-related characteristics of biological starting material may influ-
ence the generation and functional properties of an autologous cell-based therapy.

Collectively, these studies demonstrate that precision medicine is not defined solely
by molecular diagnostics or targeted therapies. Rather, it encompasses multiple intercon-
nected dimensions of clinical translation—from understanding interindividual variability
and identifying predictors of treatment response, through precise delivery of therapeutic in-
terventions, to consideration of patient-specific biological factors in the manufacture of per-
sonalised medicinal products. In this context, IICTs can complement other forms of biomed-
ical and clinical research by generating evidence on for whom an intervention may be most
appropriate, how it can be delivered more precisely, and how patient-specific characteristics
may affect the development of complex personalised therapies.

Ultimately, these examples illustrate one of the central themes of this habilitation:

I1CTs provides the essential bridge between biomedical innovation and routine
clinical practice.

By evaluating candidate biomarkers and predictors of treatment response, refining
therapeutic strategies, optimising treatment delivery, and investigating patient-specific de-
terminants relevant to personalised ATMPs, NCCTs and related IICTs contribute to the
translation of scientific and technological advances into clinically actionable evidence that
improves patient outcomes and supports the implementation of precision medicine within
modern healthcare systems.
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5 From Evidence to Public Health

5.1 Evidence-Informed Healthcare

The generation of high-quality scientific evidence represents only one stage of the
clinical research continuum. The ultimate objective of IICTs is to generate clinically relevant
evidence capable of improving healthcare by informing clinical decision-making, support-
ing evidence-based guidelines, optimising therapeutic strategies, and addressing unmet med-
ical needs that may receive limited attention within commercially driven research pro-
grammes*t. While commercially sponsored clinical development necessarily generates evi-
dence required for regulatory approval and subsequent development of medicinal products,
NCCTs can address complementary questions arising throughout the therapeutic lifecycle,
including those related to comparative effectiveness, optimisation of established interven-
tions, and areas where commercial incentives are limited*2. Evidence generated by NCCTs
can therefore contribute to evidence-informed healthcare by informing the refinement of
standards of care, comparing alternative therapeutic strategies, evaluating treatment path-
ways, and optimising the use of established interventions in routine clinical conditions.

However, evidence-informed healthcare depends not only on the quality of individ-
ual clinical trials but also on the completeness and transparency of the available evidence®.
Clinical decisions, systematic reviews, meta-analyses, and clinical practice guidelines rely
substantially on the accessible evidence base. When completed clinical trials remain un-
published, particularly those with negative, neutral, or inconclusive findings, the available
evidence may become systematically biased, leading to publication bias and potentially dis-
torted estimates of intervention effects and safety®°.

This challenge is illustrated by the Annex 12, which demonstrated that a substantial
proportion of paediatric randomized clinical trials remain unpublished or are discontinued
before completion. While completed studies are considerably more likely to result in publi-
cation, unpublished studies and trials discontinued before completion contribute to gaps in
the available evidence base. Their absence may limit the completeness of systematic reviews
and evidence synthesis and may consequently affect clinical decision-making when conclu-
sions are based on incomplete evidence. The study therefore highlights that transparency
and dissemination of research results—including negative, neutral, and inconclusive find-
ings—are important components of responsible clinical research and evidence-informed
healthcare and represent an ethical responsibility towards research participants and future
patients.

The studies presented in this habilitation illustrate several complementary pathways
through which 11CTs can contribute to evidence-informed healthcare. Comparative effec-
tiveness studies generate evidence comparing therapeutic strategies, optimisation studies ad-
dress the safer and more effective use of established medicines, while translational investi-
gations support the development and evaluation of more personalised approaches to
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treatment selection, delivery, and advanced therapies. Together, these studies demonstrate
that the societal value of academic clinical research lies not only in generating new
knowledge but also in contributing to an evidence base that is clinically relevant, transparent,
and sufficiently complete to support healthcare decision-making. The availability of results
irrespective of the direction or statistical significance of findings is fundamental to reliable
evidence synthesis and, subsequently, to the development of clinical guidelines and in-
formed healthcare decisions.

Importantly, evidence alone rarely changes clinical practice. Its translation into
healthcare depends on subsequent processes including incorporation into clinical guidelines,
professional education, health technology assessment, reimbursement decisions, and organ-
isational processes within healthcare systems. NCCTs therefore form part of a broader evi-
dence-to-practise ecosystem in which research findings are evaluated, synthesised, inter-
preted, and ultimately translated into decisions at both the individual-patient and population
levels.

5.2  Patient Engagement as a Driver of Research Translation

Scientific excellence alone is insufficient to ensure that research addresses the needs
of patients or that its findings can be meaningfully translated into healthcare. Increasingly,
patients are recognised not merely as research participants but as contributors and partners
at different stages of the clinical research lifecycle. Meaningful patient involvement can en-
hance the relevance, feasibility, acceptability, and potential societal value of 11CTs>%2,

This evolution reflects a broader transformation in clinical research. As discussed in
the Annex 22, Patient and Public Involvement in Clinical Research: From Regulatory Re-
quirements to Partnerships with Patients, patient engagement has progressed from a pre-
dominantly consultative or voluntary activity towards a more systematic component of con-
temporary clinical research. This development is consistent with the increasing emphasis of
contemporary ethical, regulatory, and methodological frameworks on participant-centred
trials design, proportionality, and the incorporation of patient perspectives. The revised ICH
Good Clinical Practice (ICH E6(R3)) and its Quality by Design principles emphasise the
importance of designing trials around factors critical to participant protection and the relia-
bility of trial results, while the latest revision of the Declaration of Helsinki further rein-
forces engagement with patients and communities in medical research, increasingly recog-
nise meaningful Patient and Public Involvement (PPI) 2. In parallel, dedicated PPI frame-
works and major public research programmes increasingly encourage or require meaningful
involvement of patients and the public in the development and conduct of research, reflect-
ing a broader recognition that research benefits from being shaped together with those whom
it is intended to serve®,

Patient engagement may begin a clinical study is designed and continue throughout
its lifecycle. Patients can contribute to identifying research priorities, defining clinically
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meaningful research questions and endpoints, improving study protocols, enhancing the
readability of participant information and informed consent documents, and identifying as-
pects of study design that may create unnecessary participant burden. Their perspectives can
help researchers identify outcomes that matter to patients and improve the acceptability and
feasibility of study procedures. Patient advocates and patient organisations can further facil-
itate dialogue between researchers and patient communities and support structured involve-
ment throughout the research process. The broad spectrum of patient involvement across the
medicines research and development lifecycle is illustrated in Figure 7, demonstrating that
meaningful patient engagement may extend from the identification of unmet needs and study
design through clinical development, regulatory decision-making, and dissemination of re-
search outcomes®*,

Figure 7: Patient involvement in medicines Research and Development.
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The experience gained through European collaborative initiatives further illustrates
how research infrastructures can create mechanisms for broader patient and public engage-
ment. Within the VACCELERATE programme, patient-centred communication strategies,
multilingual educational resources, and the Volunteer Registry were developed to improve
access to understandable information about vaccine research, facilitate engagement with
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potential participants, and support recruitment into multinational vaccine studies. These in-
itiatives illustrate that successful clinical research depends not only on methodological ex-
cellence but also on transparent communication, accessibility of information, trust, and
meaningful dialogue with patients and the wider public®.

Patient engagement can also continue beyond the conduct of a clinical trial. Patients
may contribute to interpreting research findings, preparing lay summaries, supporting dis-
semination activities, and informing approaches to subsequent implementation®. In addi-
tion, patient experience measures and patient-reported outcomes provide complementary
evidence that captures dimensions of health, treatment burden, and care that may not be
reflected in conventional clinical endpoints, thereby supporting more patient-centred evalu-
ation and clinical decision-making. By incorporating the patient perspective throughout the
translational pathway, research can become more relevant and understandable to those
whom i tis intended to benefit and potentially more responsive to the reality of clinical care®2.

Consequently, patient engagement should not be regarded merely as an additional
activity alongside clinical research, but as an increasingly important component of a trans-
lational research approach linking scientific discovery with clinically relevant and patient-
centred evidence. By informing research priorities and study design, strengthening commu-
nication, supporting recruitment and retention, and contributing to dissemination and imple-
mentation, meaningful patient involvement can enhance the relevance, feasibility, and soci-
etal value of NCCTs. The transition from conducting research for patients to conducting
research with patients represents an important evolution in contemporary clinical research
and supports the development of evidence-informed, patient-centred healthcare®:,

5.3 Implementation into Clinical Practice and Health Systems

The successful completion of a clinical trial does not automatically translate into
changes in clinical practice or improvements in patient outcomes. The possible impact of
NCCTs depends on only on the generation of robust evidence but also on its subsequent
interpretation, synthesis, dissemination, and implementation within healthcare systems. This
process is inherently complex and requires coordinated interaction among researchers,
healthcare professionals, patients, professional societies, regulatory authorities, health tech-
nology assessment bodies, payers, and healthcare policymakers®’.

Implementation is a multidimensional process extending beyond publication in sci-
entific journals. Evidence generated by IICTs informs clinical practice guidelines, therapeu-
tic recommendations, diagnostic algorithms, reimbursement decisions, and organisational
changes within healthcare systems. At the same time, implementation in routine practise can
generate clinical experience and real-world data reveal residual uncertainties, identify new
knowledge gaps, and generate questions for subsequent clinical research®.

This continuous interaction underpins the concept of a learning healthcare system, in
which evidence generation and healthcare delivery are connected through iterative cycles of
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research, implementation, evaluation, and refinement. Within such a system, clinically rel-
evant questions emerging from routine care can inform new research, while evidence gen-
erated through clinical studies can, after appropriate evaluation and implementation, con-
tribute to the continuous improvement of healthcare delivery®.

The different areas of research presented in this habilitation illustrate several points
along this evidence-to-practice continuum. Precision-medicine approaches require the trans-
lation of biological, diagnostic, and therapeutic insights into clinically applicable strategies
through collaboration among researchers, clinicians, diagnostic laboratories, manufacturers,
regulatory authorities, and patients. Comparative effectiveness research and studies optimis-
ing established therapies address questions arising directly from clinical practice and gener-
ate evidence that may inform therapeutic choices, treatment pathways, and subsequent clin-
ical recommendations. Drug repurposing provides another example of how clinically driven
research can generate new evidence for the use of established medicinal products in different
therapeutic contexts®®-62,

Future developments may further strengthen the integration of research and
healthcare delivery. Increasing use of real-world data and evidence, disease registries, arti-
ficial intelligence, and digital health technologies may complement evidence generated in
clinical trials and enable longitudinal evaluation of interventions in broader patient popula-
tions and routine healthcare settings. NCCTs can contribute to this evolving research envi-
ronment by addressing clinically driven questions and integrating complementary data
sources and methodological approaches where scientifically appropriate®.

Ultimately, the research and methodological perspectives presented throughout this ha-
bilitation demonstrate that the value of 1ICTs extends beyond the generation of scientific
publications. Its contribution lies in transforming clinically relevant uncertainties into re-
searchable questions, generating robust and clinically meaningful evidence, and supporting
the subsequent translation of that evidence into healthcare decision-making and practice.
The potential of this research to contribute to better patient care and public health depends
on an interconnected clinical research ecosystem combining methodological rigour, propor-
tionate regulation, sustainable research infrastructures, multidisciplinary expertise, mean-
ingful patient involvement, transparent dissemination, and effective implementation.
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6 Conclusion

This habilitation thesis examined IICTs from a system perspective, extending beyond
the traditional focus on individual studies, methodological approaches, or regulatory re-
quirements. Across the different areas addressed, it shows that the value and translational
potential of NCCTs depend not solely on scientific excellence, but on the interaction of rig-
orous methodology, proportionate regulation, sustainable research infrastructures, multidis-
ciplinary expertise, meaningful patient involvement, transparent evidence generation and
dissemination, and effective pathways for implementation into healthcare.

The publications included in this thesis illustrate the broad spectrum of contributions
made by NCCTs. They demonstrate how NCCTs and related concrete IICTs can contribute
to the optimisation of existing therapies, comparative evaluation of therapeutic strategies,
development of validation of approaches support precision medicine, investigation of
ATMPs, and generation of evidence addressing clinically relevant questions arising from
routine healthcare. Beyond individual clinical studies, the work presented also addresses the
conditions necessary for such research to be conducted effectively, including research ca-
pacity, regulatory support, collaborative infrastructures, and patient involvement. Together,
these contributions illustrate the complementary role of 1ICTs within the wider clinical re-
search landscape, particularly in addressing questions driven by clinical need and public-
health relevance.

A central perspective emerging from this thesis is an integrated view of 11ICTs within the
broader European clinical research ecosystem. Rather than viewing methodology, regula-
tion, research infrastructures, professional competencies, evidence transparency, patient en-
gagement, and implementation as independent components, the work presented demon-
strates their interdependence across the research continuum — from the formulation of clini-
cally relevant questions and generation of robust evidence to its interpretation, dissemina-
tion, and potential implementation in healthcare. This systems perspective shifts the focus
from success of an individual clinical trial towards the conditions required for clinically
relevant research to generate sustainable value beyond the study itself.

An important implication of this perspective is that the generation of scientifically robust
evidence represents a necessary, but not sufficient, condition for research impact. Evidence
must also be accessible and transparent, sufficiently relevant to patients and clinical practice,
and capable of being interpreted and integrated within healthcare decision-making. Strength-
ening NCCTs therefore requires investment not only in individual studies, but in the ecosys-
tem that enables them: methodological and regulatory expertise, multidisciplinary research
teams, national and European research infrastructures, professional education and capacity
building, meaningful patient involvement, and mechanisms supporting evidence translation
and implementation. As clinical research continues to evolve through precision medicine,
advanced therapies, real-world data and evidence, artificial intelligence, and increasing in-
tegration between research and healthcare delivery, 11CTs will continue to have an important
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complementary role within the evolving research landscape. Its close connection to clinical
practice enables clinically driven questions to be investigated across the therapeutic lifecy-
cle, including questions of comparative effectiveness, optimisation of established interven-
tions, treatment individualisation, and areas in which evidence gaps persist despite limited
commercial incentives. At the same time, emerging methodological and technological ap-
proaches create opportunities to connect clinical trials more closely with data generated in
routine care and to support iterative cycles of evidence generation, evaluation, and refine-
ment.

Ultimately, this thesis supports the recognition of IICTs not as a collection of isolated
research activities, but as an integral component of a continuously learning clinical research
and healthcare ecosystem.

Its contribution begins with clinically relevant uncertainty: transforming unanswered
questions from clinical practice into methodologically rigorous research, generating trans-
parent and clinically meaningful evidence, and creating the conditions for that evidence to
inform subsequent healthcare decisions. Realising this potential requires the interaction of
investigators, patients, healthcare professionals, research infrastructures, regulators, funders,
and healthcare systems across national and European levels.

Within such an ecosystem, the value of 1ICTs extends beyond the individual trial. It lies
in the capacity to connect clinical need with evidence generation and evidence with practice,
while continuously returning new uncertainties from healthcare to research. Strengthening
this cycle is essential for a sustainable, responsive, and patient-centred clinical research en-
vironment capable of addressing questions that matter to patients, healthcare professionals,
and society.
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Madeira C, Hotavova L, Dos Santos F, Batuca JR, Nebeska K, Souc¢kova L, Kubiak C, De-
motes J, Demlova R, Monteiro EC. Investigator Initiated Clinical Trials (IICTs): A System-
atic Search in Registries to Compare the Czech Republic and Portugal in Terms of Funding
Policies and Scientific Outcomes. Ther Innov Regul Sci. 2021 Sep;55(5):966-978. doi:
10.1007/s43441-021-00293-w. Epub 2021 May 18. PMID: 34003473; PMCID:
PMC8332583.

Summary:

Purpose:
The aim of this study was to analyse the landscape of investigator-initiated clinical trials
(ICTs) in two European countries—Czech Republic and Portugal—and to evaluate how
differences in funding policies influence clinical research output. The study specifically fo-
cused on identifying structural determinants affecting the quantity and quality of academic
clinical trials.

Methodology:
A retrospective systematic search of registered 11CTs conducted between 2004 and 2017
was performed using four major clinical trial registries. Each identified trial was analysed
in terms of sponsor type, funding source, intervention characteristics, and subsequent pub-
lication status after completion.

Results:
The study revealed substantial differences between the two countries in the number of
IICTs conducted, funding structures, and publication outputs. These disparities were linked
to national funding models and institutional support, with more structured funding systems
associated with higher research productivity and better dissemination of results.

Conclusion:
The findings demonstrate that the success and impact of 1ICTs are strongly influenced by
systemic and policy-level factors rather than scientific capability alone. Strengthening na-
tional and European funding frameworks and improving support mechanisms for academic
trials are essential to enhance the effectiveness and output of NCCTs.
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Abstract

Objectives Clinical trials provide one of the highest levels of evidence to support medical practice. Investigator initiated
clinical trials (IICTs) answer relevant questions in clinical practice that may not be addressed by industry. For the first time,
two Enropean Countries ame companed in terms of IICTs, respective funders and publications, envisaging to inspire others
to use similar indicators to assess clinical research outcomes.

Methods A retrospective sysiematic search of registered IICTs from 2004 to 2017, using four clinical trials registries was
carried out in two Eunopean countries with similar population, GiDP, HDT and medical schools bot with different govem-
mental models o fund clinical research. Each 1ICT was screened for sponsors, funders, type of imtervention and associated
publications, once completed.

Results [ICTs involy ing the Crech Republic and Portugal were 1 =439 {(42% with hospitals as sponsors) and r= 328 (475
with universities as sponsors), mespectively. The Crech Republic and Portuguese funding apencies supporied respectively
61 and 27 [ICTs. Among these, trials with medicinal products represent 52% in Crech Republic and 4% in Portugal. In the
first, a higher percentage of [ICTs" publications in high impact factor journals with national inve stigators &= authors was
observed, when compared to Portugal (75% vs 15%).

Conclusion The betier performance in clinical research by Czech Republic might be related to the existence of specific and
periodic funding for clinical research, althouogh further data are still needed to confirm this relationship. In upcoming years,
the indicators used hereim might be useful to tracking clinical research outcomes in these and other European countries.
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Abbreviations

AICIB Agéncia para a Investigagdo Clinica ¢
Investigagde Biomédica

AIFA Italian Medicines Agency

ANZCTR Australian New Zealand Clinical Trials
Registry

AZY Czech health research council

CAC Clinical Academic Centers

CLIC Clinical Investigator Certificate

CTR Clinical Trial Registry

CzeCRIN Czech Clinical Research Infrastructure
Metwork

ECRIN-ERIC  European Clinical Research Infrastructure
Network-European Research Infrastruc-
ture Consortium

EU-CTR European Clinical Trials Regisiry

FCT Fundagdo para a Ciéncia ¢ Tecnologia

GDP Gross Domestic Product

ICTs Investigator Initiated Clinical Trials

IMP Investigational Medicinal Product

ISRCTN International Standard Randomised Con-
trolled Trial Number

NIH U.8. Mational Institutes of Health

PICRIM Portuguese Clinical Research Infrastruc-
ture MNetwork

PTCSRT Portugal Clinical Scholars Research
Training

Introduction

In the last decades. clinical research played a crucial role on
increasing the medical knowledge for the prevention, diag-
nostic, treatment and cure of diseases. Clinical trials pro-
vide one of the highest kevels of evidence to support medical
practice and might be initiated by the industry or by clinical
imvestigators. The latter. commonly called investigator-ini-
tiated clinical trials (IICTs), are interventional studies using
medicinal products. medical devices, surgery techniques,
behavior testing or several types of procedures. These trials
are pivotal to generate relevant and unbiased data decisive
for the implementation of new therapies and better-informed
decisions by health regulators [1]. However, the importance
and relevance of IICTs rely heavily on its independence and
impartiality, which in turn is directly linked to the fund-
ing source. Some IICTs are funded by industry, which can
introduce a bias in the outcome of these studies. In fact, a
systematic review of 1140 studies demonstrated that indus-
try-sponsored clinical trials were significantly more likely to
reach conclusions favorable to the sponsors than those who
were not industry-sponsored trials [2].

Therefore, public national funding agencies have a criti-
cal role on supporting fully independent clinical research

with the sole purpose of benefiting the large patients” popu-
lation through the improvement of medical knowledge.
Public funding of IICTs can also play an important role on
addressing important clinical questions that remain unre-
solved because they are not addressed in industry-funded
trials. Crowe and colleagues showed that there is an impor-
tant mismatch on clinical research priorities identified by the
patients and the clinicians, which in part is affected by the
commercial aspect of clinical research [3].

The unbalanced ratio between private and public funding
of IICTs (and its impact on national health systems through
the definition of public policies for the treatment of diseases)
is particularly relevant in countries with negligible expendi-
ture in this area, which is usually associated to limited funds
for the promotion of clinical research. It is important to gen-
erate significant scientific data to be able to provide bet-
ter and informed guidance for the funding of IICTs by the
naticnal public funding agencies.

The Czech Republic and Portugal have similar popula-
tion numbers (10.6 million and 10.3 million. respectively).
GDP per capita (€ 14.8 thousand and €16.9 thousand, respec-
tively), Human Development Index (2017: 0.896 and 0858,
respectively) and number of Medical Schools (n=9 and
n=28, respectively ), which makes them comparable countries
for such study. In a previous publication, and considering
only clinical trial registries in the European Clinical Trials
Registry (EU-CTR) it was shown that Czech Republic and
Portugal are both below the average among all European
countries in what regards the percentage of IICT/Total CT
(5% and 8%. respectively) [4].

Both countries are members of the European Union and
thus have access to the same funding schemes and also
operating under to the same health regulatory environment
(supervised by the European Medicines Apency). Addition-
ally, both countries are members of the European Clinical
Research Infrastructure Network (ECRIN-ERIC), which is
a public, non-profit organisation commitied in supporting
and facilitating multinational independent clinical trials in
Europe.

Currently, the Czech Clinical Research Infrastructure
Network (CZECRIN) aims its activities to bring together
academic research institutes, scientists and policymakers in
discussion on issues related, particularly public funding of
the clinical research in the Czech Republic. CZECRIN's spe-
cific goal is to promote and support academic research on the
national basis and the integration of national investigators in
multinational clinical studies.

The Portuguese Clinical Research Infrastructure Net-
work (PtCRIN) has been developing several national studies
where the status of IICTs in Portugal were assessed [4. 5]
Despite the relevance of such data to define national strate-
gies for this area, the impact of such analysis can be maxi-
mized through a comprehensive benchmarking with other
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European countries, particularly the ones with similar char-
acteristics. Therefore, intending to perform a comprehensive
assessment of the current situation, this study analyzed the
type of registered IICTs in the Czech Republic and in Por-
tugal and for the first time unveiled the differences in terms
of funding policies and scientific cutcome.

Methods

We identified past or current 11CTs registered and starting
in two European countries (Czech Republic and Portugal)
from 01/01/2004 to 3 1/122017 to identify detailed studies”
characteristics such as the funding sources and the respec-
tive scientific impact. This period of time starts in the year
after which the International Committee of Medical Journal
Editors’ implementation (ICMIE), policy required the regis-
tration of clinical trials as a prerequisite for consideration for
publication (2004) until the end of 2017. A separate search
in four clinical trial registries (CTRs) was performed for
each country: ClinicalTrials.gov, European Clinical Trials
Registry (EU-CTR ). International Standard Randomised
Controlled Trial Number (ISRCTN) registry, and the Aus-
tralian New Zealand Clinical Trials Registry (ANZCTR)
by selecting trials registered and with recruitment sites in
Czech Republic or Portugal. These CTRs encompass 81%
of the registrations uploaded to the International Clinical
Trials Registry Platform (ICTRP) from WHO, according
to the information provided by others [6]. Furthermore, we
collected and compared the national public policies imple-
mented by the Portuguese and Czech governments to pro-
mote clinical research during this timeframe.

Search Methodology for Clinical Trials Identification
In Each Database

The inclusion criteria were: clinical trial starting from
01/01/2004 until 31/12/2017; non-commercial sponsor;
SPONSOr Or Tecruiting siles in Portugal or in Czech Repub-
lic. The following exclusion crileria were used: industry
sponsored trials; starting date before 0 140 1/2004; sponsor
or recruitment site not involving the Czech Republic or Por-
tugal; non-intervention trials.

Step 1: The search in the EU-CTR allowed to include
as general term “non-commercial™ therefore eliminating
the commercial studies. The timeframe selected was from
010 1/2004 until 31/12/2017 as well as the countries, the
Czech Republic or Portugal. No other requirement in the
advanced search field was selected.

Step 2: As the discrimination between commercial and
non-commercial clinical trial is not possible at the Clinical-
Trials.gov platform, an advanced search was performed. The
IICTs were extracled by selecting the predefined options:
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“Interventional studies™, the above-mentioned time period,
each one of the countries, restricting to: NIH (.S, National
Institutes of Health), Other U.S. Federal agency, all others
(individuals, universities, organizations) and Industry were
chosen.

Step 3: Registrations in the BiomedCentral CTR are
associated with ISRCTN. In this CTR it was not possible to
refine the search with the exception of selecting the Czech
Republic or Portugal as the recruiting country. Trials initi-
ated before or after the referred timeframe were discarded.

Step 4: In the ANZCTR. we performed the search in the
selected timeframe. using the Czech Republic or Portugal
as the recruiting country. Registrations in this CTR have the
initial code ACTRN.

The search results were reviewed individually by two
independent experts in each national team to confirm the
compliance with the inclusion and exclusion criteria.

Data Extraction, Duplicates and Complementary
Information

Step 5: Information about trial identification (Trial IDY) num-
ber {main and secondary), recruitment status, sponsor name
and country, trial title, trial phase (when applicable), type of
intervention, therapeutic area. type of funding and publica-
tions of the completed studies, were extracted manually and
independently from the registered records (from 1/03/2018
to 31/08/2018), gathered and organized in an Excel sheet
for each country. No restrictions on each of the referred
information was applied. Forty percent of the records were
double-checked by two individuals from each team and dis-
cussed until a consensus was reached.

Step 6: Duplicates were identified in each database, when
secondary IDs were provided or when the sponsor and the
study title were the same. The same study registered in dif-
ferent CTRs was considered duplicated and removed at this
point of the search. When complementary information was
provided in different registrations about the same study it
was added to the respective entry in the working Excel sheet.
None of the studies identified had recruitment sites in both
countries, so no clinical trial is considered in both databases.

Sponsors were coded as: Disease-Specific Organization
(Disease associations or research institutes dedicated to a
specific therapeutic area), Foundation (Research Institutes
or Health Institutions legally constituted as foundations),
Hospital, Research Institutes (non-specific therapeutic
area), University. and others (Private health clinic, Funder
Agency, acting as sponsor). In the four CTRs, the funding
source was identified in different fields. Both in ISRCTN
and ANZCTR there is a specific field entitled “Funder”.
In Clinicaltrizls.gov CTR the funders were identified from
the field “Sponsor and Collaborators™. In EU-CTR the
funder was identified in the field “sources of monetary
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support . All the funders identified in these CTRs were
classified as: (i) Public organizations (non-profit organiza-
tion such as public institutions, funding agencies, disease
specific organizations); (i) Private organization i for-profit
organization—Industry): (iii) Both, when the funding is
provided by the industry and one or more public organi-
zations; (iv) Mot Indicated, when the information was not
provided in any registry or in the publication.

When only the sponsor was mentioned in the Clinical-
Trials.gov registry, we considered it as the funder. The
support of funding agencies was perceived through sec-
ondary IDs where the code of the grant agreement is in
some cases added. Exclusive funding for PhD or Post-
Doctoral grants was not considered.

search of Publications of Completed IICTs

Step 7: Information regarding the publications of the eg-
istered and completed IICTs were manually and indepen-
dently screened. The Trial ID was used to search abstracts
of journals indexed in Medline {using PubMed) as well
as in the four CTRs. By the principal investigator's name
was possible to identify publications, when no paper was
found with the previous strategies. In some publications,
the Trial ID was not included in the abstract. which ren-
dered the search more difficult. All completed trials and
published until 31/12/2017 were considered for further
analysis. Subsequently, screening of each publication was
performed to complete the information about the funding
sources of IICTs to identify any other relevant information
that was not complkete in CTRs. The journal’s impact fac-
tor was obtained from Web of Science. Research Gate or
Bioxbio.com, considering this order when different impact
factors for the year of publication were found for the same
journal. The citation number since the year of publication
up to | year after the paper was published was assessed
through Pubmed metrics. Around 40% of the data were
mutually exchanged between Czech and Portuguese team
and double checked by two independent reviewers.

Results

A total of 3496 and 1427 registrations were found in the
four CTRs involving the Czech Republic and Portuguese
institutions. respectively: ClinicalTrials.gov, EU-CTR,
ISRCTN, and ANZCTR. Clinical trials were screened
to isolate those with a non-commercial sponsor, recruil-
ing sites in Czech Republic or Portugal. and a start date
between 01/01/2004 and 31/12/2017.

Identification of Non-commercial Studies

The total number of trials for Czech Republic and Portugal.
identified in all databases is respectively 3496 and 1427 as
shown in Fig. 1. After discarding industry sponsored tri-
als, non-interventional studies, or those with no recruiting
siles in the Czech Republic or Portugal, 485 and 378 non-
commercial trials {i.e. IICTs) were respectively considered
eligible from all the screened databases. The same trial
registered in different CTRs was separated and considered
as duplicate. Afier discarding duplicates, a total number
of 439 1ICTs were identified involving the Czech Repub-
lic whereas for Portugal 328 trials were found. Forty-one
percent {n= 180/439) and 44% (n= 144/328) of the studies
were already completed and from those 41% (n="73/180)
and 33% (n=79144) were published, in the Czech Republic
and Portugal, respectively.

Characteristics of lICTs in the Czech Republic
and in Portugal

In both countries, most of IICTs has a national sponsor and
were performed in the respective country (Fig. 2a). These
1ICTs, with national sponsors are those initiated by investi-
gators from each of these countries. Only a low percentage
of IICTs with national sponsor are also multinational trials
{implemented in other countries}—6% in the Czech Repub-
lic (n= 15/257) and 4% in Portugal (n= &/193).

Regarding the international trials which are those initi-
ated by investigators from other countries and conducted in
The Czech Republic or in Portugal, both countries have also
the same percentage (41%:; n=182/439 and n= 135/328)
(Fig. 2a).

In the Czech Republic, most trials” sponsors (42%;
n=183/439) were hospitals while in Portugal, universi-
ties assume the sponsorship in higher number of trials
when compared to the other types of organizations (47%;
n=153/328) (Fig. 2h).

Figure 2c shows that trials with hospitals as the sponsor
were lesting investigational medicinal products (IMPs) (465
{n="B84/183), and 45% (n=32771), respectively in the Czech
Republic and Portugal), medical devices (16% (n=30/183),
and 20% (n=14/71), respectively in Czech Republic and
Portugal) and behavior (2% (n=4/183), and 13% (n=9/71),
respectively in the Czech Republic and Portugal). Regarding
all trials sponsored by universities, 62% (n="94/150) test
IMPs in the Czech Republic, whereas in Portugal, the larg-
est group by intervention type, 49% (n=75/153). focuses
on behavior (Fig. 2b, ¢). The percentage of trials with IMPs
in phase 111 trials is quite similar in both countries: 32%.
(n=282/258) in the Czech Republic and 39% (n=354/136)
in Portugal {Supplementary Information 1 (81}, Fig. la,
al}. Additionally, the two most focused therapeutic areas of
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Inclusion criteria:

Czech Republic + clinical trial starting from 01/01/2004 Portugal
Ineluded Step1-4. il 31/12/2017: Step 14, jagjuded
Registries *  Non-Industry sponsor; registries
n=3496 * Sponsor or recruiting sites based in n=1427

Czech Republic or in Portugal.
.I-'_‘:cluslon criteria:
Excluded | |* Industry Sponsor trials; Excluded
Registries | " Nun-llntewenllon trials; Registries
n=3011 * Starting date before 01,/01/2004; = 1049
Step 5 = Sponsor or recruitment site not
P . involving Czech Republic or Partugal; Step 5.
Sub-Total Sub-Total
Registries of Non-Industry Registries of Non-Industry
Spansor Trials Sponsor Trials
n= 485 n= 378
Duplicates Duplicates
Step 6. n= 46 h= 50 Step 6.
Total Total
Non-Industry Mon-Industry
Spoensor Trials Sponsaor Trials
n= 439 n= 328
On-going Trials On-going Trials
n= 259 n= 184
Completed Trials Completed Trials
n= 180 n= 144
Step 7. Step 7.
Publications of Publications of
completed trials completed trials
n=73 n=79
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Figure 1 Flowchart Showing the Systematic Search of Non-commer-
cigl Clinical Trials (ie. [ICTs). Involving the Crech Republic and
Portuguese Institutions Recruiting Participants. The search was per-
formed in four clinical trial registries, CTRs (EU-CTR., Clinicaltrials.
gov, ISRCTN and ANACTR ). Studies starting from 0170172004 undil
3122017 were identified in each of the datsbases separately (Steps
1-4). After discarding commercial trials all remaining studies were

the interventional studies are the same: oncology and car-
diovascular diseases, followed by gastroenterology in the
Czech Republic and musculoskeletal disorders in Portugal
(S1,Fig. Ib, ¢).

IICTs in both countries are mainly funded by public
organizations (Fig. 2d) such as universities, hospitals,
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gathered in one Excel sheet for each country (Sep 5). Duplicate stud-
ies were also discarded, and the final number of trials was cleaned
and harmonized (Step 6). Further details were collected from all the
datsbases, including the identification of completed studies. Publica-
tions published until December 2017, with resulis from compleied
studies werne identified (Step 7).

disease specific organizations, foundations and fund-
ing agencies: 78% (n= 343/439) in the Czech Republic
and 69% (n=226/328) in Portugal. Considering all types
of interventions funded by public organizations, 50%
{m=173/343) are trials with IMPs in the Czech Republic
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Figure 2 Characteristics of [ICTs in the Crech Republic and in Por-
tugal. Number of trials according to the sponsor (national vs inter-
national) and to the involvement of oiher couniries in national
sponsoned trials {national vs multinational trizl) (a); Percentage and
number of trials according to the type of sponsor organization (h)
and number of trials according to the type of most frequent interven-

and only 27% (n=60/226) in Portugal. In the latter, most
trials funded by public organizations, 36% (n=81/226),

tions sponsomed by universities or hospitals (s=243 out of 333 for the
Czech Republic and n= 177 out of 224 for Portugal) (c); Percentage
and number of trials according to the type of funder (d) and number
of trials according to the type of most frequent intervention funded
by public or private organirations (= 260 out of 365 for the Crech
Republic and n= X1 out of 257 for Poringal ) {e).

are behavior-based (Fig. 2d. e). Details about each registry
are provided as Supplementary Information 2 (52).
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Clinical Trials Funded by National and International
Funding Agencies

One of the greatest public funders of the IICTs in both
countries were funding agencies (national and interna-
tional) corresponding to 29% (n= 109/381) and 21%
{m=60/282) of the public funding in the Czech Repub-
lic and in Portugal, respectively. The total number of tri-
als indicated above (381 and 282) refers to those funded
by public organizations alone or together with private

institutions (Fig. 2d: Public and Both). From the 109
1ICTS trials funded by governmental agencies in the Czech
Republic 65% (n="71/109) of the trials were funded by
national funding grant agencies while the remaining 35%
(n=3&109) IICTs were funded by inlernational counter-
parts (Fig. 3a). Figure 3a shows that in this country both
national and international agencies mainly fund trials with
IMPs. Among the 61 trizls funded by the Czech Health
Research Council (Table 1), 32 (52%., n=32/61) are test-
ing medicinal products (data not shown).

Czech Republic (n=109)

m International Funding Agency
m Mational Funding Agency

Haspital F]S
Ressearch Institute ‘5‘
Foundation gga
Disease Specific Crganizatian EB
Others 4

a 10 20 3m 40

Trials funded by funding agencies
B

. T o

= Both = Both
Type of Intervention
eehaviar [F° Behavior | — 1
m——— il 12
Do M 12 pevice s
4
surgery & procedures [T Surgery & procodures [
Nutrition N4 Pueriian .i
1 Diagnastic n
Diagnestic |1
a Wm0 40
a w w a0 a0
Sponser

Disease Specific Organization g4

Portugal (n=60)

m International Funding Agency
m Mational Funding Agency

universiy T
Hespital | s

Research Institute H4

Foundation g5

Others go
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Figure 3 Characteristics of [ICTs Funded by Funding Agencies. Number of trials funded with national or international funding agencies in the
Crech Republic (a) and in Portugal (b}, according to the type of intervention and sponsor.
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Table 1 Mational and International Funding A gencies and Programs in Czech Republic in and Portugal and Respective Number of Funded Tri-
als. (N"=Number of Clinical Trials Funded by the Respective Funding Organization/Program).

Funders Crech Republic  Portugal
Mational Funding A gencies/Funding Imternal Grant A gency of the Czech Ministry of Health (IGA until 6l -
Programs 2014); Currently AZ Y (Crech Health Research Council)
Charles University Research Fund 10 -
Fundagdo para o Cigncia ¢ Tecnologia (FCT) - T
MNational Structural funding (COMPETE, PRODEF) - 2
ARDITI - Agéncia Regional para o Desemvolvimento da fnvesi- - 1
gupdo
International Funding Agencies! European Commission {includes H2020. IMI. Erasmus Program) 18 17
Funding Programs Canadian [nstitutes of Health Research (Canadz) 7 0
European Regional Development Fund i} 0
Medical Research Council (UK) T 2
Anustralian Mational Health Service and Medical Research Council L] 5
Mational Instituies of Health (NIH, USA) [i] 3
EEA Grants Li] 1
Carlos I Institute of Health (Spain) 0 2

On the other hand. among the 60 IICTs in Portugal
receiving financial support from funding grant agencies,
only half of these (30%, n=30/60) were funded by national
funding grant agencies or funding programs (Fig. 3b)
while the other half was funded by international funding
agencies. Among the 27 trials funded by Fundagdo para
a Ciéncia e Teenologia (Table 1) only one (4%, n= 1/27)
is testing medicinal products {data not shown). During the
time period studied in the present work, FCT launched
only one call, in 2007, specifically focused in clinical
research. The Ministry of Health had a financial contri-
bution to this call and a total amount of 9 M € were used
to fund 63 projects [7]. However, none of these funded
studies were found in our search, probably because most
of them were not interventional studies or interventional
without IMPs which registration is desirable but not man-
datory. Nevertheless, screening the information provided
by FCT we found at least one interventional study with
IMP that was not properly classified. consequently not reg-
istered in a database by the investigators [8].

The level of participation of Czech Republic and Portu-
gal in international grants was similar (n=238 and n=30,
respectively), most of these involving trials with IMPs in
both cases (Fig. 3a, b). The organizations receiving national
funds, thus acting as sponsor, in higher number of trials in
the Czech Republic were hospitals (32%: n=233/109) and
universities (22%: n=24/109). Whereas in Fortugal were
the universities (40%: n=24/60) that sponsored more trials
funded by national funding agencies followed by hospitals
(7%: n=4/60). Portuguese hospitals sponsored more trials
funded by international funding grants then with national
funding grant agencies (n=8 vs n=4).

Table | shows all the funding grant agencies identified
both in the registries and in the publications for each com-
pleted and published clinical trial. In the Czech Republic
there were a higher number of trials funded by national
funding agencies and the number of registrations is gradu-
ally growing every year since 2004 (S1. Fig. ld—e). When
compared to the Czech Republic, a lower number of funded
IICTs by public funding agencies were identified in Portugal,
however, the national investigators have been involved in
trials with mome diverse funding opportunities, especially
international ones.

In the Czech Republic, University hospitals are pressured
to apply to grant support and carry out clinical research,
because most physicians working in the hospital are univer-
sity employees at the same time and need to build up their
career as researchers. Moreover, there is a lack of ex peri-
enced grant offices in the Czech Republic which would help
the investigators to prepare an application for international
grant call. e.g. H2020, IMI2. However, the mandatory insur-
ance to initiate a clinical trial with medicines is not eligible
in these grants” call which might hamper the initiation of
maore trials. In theory. most Hospitals in Portugal have an
office dedicated to support clinical research (as a govern-
ment decision from 2015) [9]—but only a few can support
physicians in the design or implementation of more complex
clinical trials involving IMPs or medical devices. or even
provide support to prepare proposals for national or interna-
tional funding. The concept of academic clinical trizl units
(CTU) introduced in these two countries by ECRIN has been
valuable to support clinical investigators and multinational
IICTs [9]. in the conduct of ICTs, especially in IMPs and/
or medical devices trials. during all phases of the process
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(from the idea until the close out). Universities and biomedi-
cal research institutes in Portugal detected earlier the need
of professional supporting offices to prepare and manage
national and international research projects.

Mational Policies for Clinical Research

Both countries present national public policies implemented
{or not) for clinical research, in particularly 1ICTs, which
are summarized in Table 2. The data were collected from
national kegal decisions, analysis of the call’s eligibility cri-
teria for funding national infrastructures and projects as well
as higher education institutions in each country.

There have been legal decisions to establish clinical
research as a priority that included the membership of
ECRIN-ERIC and the definition of the clinical investigator
status in both countries [10—15]. Since 2015, ten trials were
initizted by ECRIN and conducted in the Czech Republic
in this time period: POEM_H2020, FAIRPARK I11_H2020,
NISCI_H2020, SECURE_H2020, EuroHYP_7FP, PrOOf_
H2020, VISION_DMD_H2020, DISCHARGE_FP7,
PopART_H2020, TENSION_H2020. Some of these pro-
jects were also conducted in Portugal (FAIR PARK II,
DISCHARGE and POPART). Besides these, the projects
MACUSTAR_IMI, BETA3LVH_H2020 and HCQ4Surfe-
defect_ERA-NET. were also conducted in Portugal making
& total of & trials initiated in the country through ECRIN. In
both countries, none of these trials were from the initiative
of national investigators.

The Internal Grant Agency (IGA) of the Ministry of
Health supporting medical research and development
was established in 1990 in Czech Republic and has been
replaced by Czech health research council, AZV, founded
on 0 1/04/2014 [19. 20]. This council, launch calls each year
and supports the selected applications of clinical research
in the different medicine areas. The establishing the AZV
and defining the national priorities of oriented research,
experimental development and innovations are the long-erm

strategies of the Czech government to support the clinical
research in medicine. Nevertheless, to our best knowledge
in the Czech Republic, the higher education courses specific
to train clinical trials professionals are being prepared. In
Portugal. the national government supported and invested
in specific training for medical doctors™ and research team
professionals from hospitals [16].

The investment of the Portuguese government, public and
private universities in post-graduation courses, including the
Portugal Clinical Scholars Research Training (PTCSRT)
[17] and the Clinical Investigator Certificate. CLIC [16] is
an asset to rigger a high-quality clinical investigation. How-
ever, strategies to allocate research time to clinical investiga-
tors still need to be implementad [11].

To share knowledge and resources in 2016 a Portuguese
government decision created the concept of Clinical Aca-
demic Centers (CAC)}—joining hospitals, universities and
research institules around a medical school [13]. Currently,
9 CACs are officially established in Portugal, however, they
are still deciding on the respective organizational strategy.
In line with what is established in the Czech Republic since
2004, in Portugal a new agency to fund exclusively clini-
cal research studies: Agéncia para a Investigagdo Clinica e
Investigugdo Biomédica (AICIB), focusing on translational
medicine products trials, was launched in 2018 but is not yet
operational [18].

Clinical Trials Published in Peer-Reviewed Scientific
Journals

In the Czech Republic, there are 41% of published trials
among the 180 completed (n="73/180) while in Portugal,
from the 144 completed trials, 35% (n=7%144) are pub-
lished in peer-reviewed journals (Fig. 1, step 7). In the
Czech Republic, a higher percentage of published studies
focus on IMPs (44%, n=32/73), followed by surgery and
procedures (32%, n=23/73). On the other hand, in Portugal,

Table2 Mationzl Public

Poficies Implemented by Public Policies Czech Republic Portugal
the Portuguese and Crech Establish clinical research as a priority Yes [10] Yes [11-13]
ﬁ;"g‘ﬁé‘:ﬂf;;?m Be member of ECRIN-ERIC Yes[14] Yes [13]
Define a legal specific ststus for clinical investigators Yes[15] Yes[11]
Investment in public infrastructures to promaoie/support [ICTs Yes Mo
Specific and periodic funding for [ICT Yes o]
Mational funding agency specific for health research Yes Mot
Mational public initiatives for clinical research team™s capacitation Ne® Yes [16, 17]

ECRIN-ERIC Evropean Clinical Research Infrastructure Metwork-European Research Infrastructure Con-

sortium

*A national agency (AICIB) for clinical research funding is now implemented in Portugal [18]
A course dedicated to clinical trials management is under preparation
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most publications focus on behavior studies (37%, n=2979)
followed by IMPs (32%, n=25/79) (Fig. 4a).

The impact factor (IF) of the journal where these IICTs
were published varies widely between 0 to 72 as shown in
Fig. 4b. Thirty percent (30%, n=2373) of the trials per-
formed in the Czech Republic with publications were pub-
lished in journals with IF between 6 to 20. Around 735%
(n=35%T%9) of published papers with trials involving Por-
tuguese organizations, have an IF below 5 and only 16%
{n=13/79) were published in journals with IF above 20. The
average IF of all these journals is similar for both countries
and is around 9. The total number of citations of papers
published in Czech Republic and in Portugal up to | year
after publication were, 458 and 417, respectively (Fig. 4b).

Portuguese investigators are authors/co-authors of 15%
{n=2/13) of the papers published in journals with IF = 20,
conversely to what is observed with Czech investigators
who authored/co-authored of 75% (n=6/8) of the papers
published in high impact factor journals (Inset B1, Fig. 4b).
Furthermore, international funding agencies funded 30%
{(m=4/8) of trials in the Czech Republic and only 31%

in A8 weme not considered. Inset of B (B1): clinical trials published
in journals with impact factor higher than 21. * Includes national and
international funding agencies.

{m=4/13) in Portugal that were published in journals with
IF=21 (Inset B1, Fig. 4b). None of these published tri-
als in high impact journals was funded by the Portuguese
national funding agency while in the Czech Republic, one
of these trials was funded by the national funding agency.
Around half of the trizls published in journals with IF:> 21
are funded by private funders in Portugal (54%. n=7/13)
and around 38% (n= /%) in the Czech Republic. Addition-
ally, most of these published trials were multinational and
focused in IMPs. in both countries.

According to our results the Czech Republic might have
had a better return of the investment in this field. publishing
# higher number of publications in journals with IF above
6 compared with Portugal (n=32 vs n=20), with a higher
number of citations when compared to those published in
Portugal. When compared to the Czech Republic, Portugal
has slightly a higher number of published completed tri-
als and a higher number of publications in journals with IF
gmeater than 21 (n= 13 vs n=8), but the participation of Por-
tuguese recruiting sites does not correspond to more author-
ships of Portuguese investigators in the publication since
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only 15% of these publications have Portuguese authors,
whereas 75% of publications with the involvement of the
Czech Republic recruiting sites have national investigators
as authors. The values above mentioned might be under-
estimated because in this work. only studies registered in
CTR and the first publication with results of each completed
IICTs were considerzd.

Discussion

In this study, a systematic search of IICTs registered in four
CTRs was conducted with the main goal of comparing the
type of studies, main funders and scientific output in the
Czech Republic and in Portugal. The methodology used in
this work, allowed us for the first time to have a picture
of IICTs in two European countries with similar GDP and
population, HDI and number of medical schools, collecting
information both from CTRs and publications.

Globally we found a better performance of the Czech
Republic in terms of higher number of IICTs, including
those with IMPs, of papers published in higher impact fac-
tor's journals, citations, and publication with more national
authorships, when compared with Portugal. These find-
ings suggest that a funding agency more focused in clini-
cal research as the Czech Republic funding agency, may
facilitate the authorship of national investigators in clinical
research studies with higher quality.

In both countries, only a small percentage of the national
organizations were sponsoring multinational IICTs in the
Czech Republic (6%) and in Portugal (4% ). in line with pre-
vious reports. where only 3% of all IICTs in the International
Clinical Trials Registry Platform (ICTRP) are international
[21]. The existence of national funding grant agencies is of
major relevance to implement pilot IICTs that later could be
escalated to the European level.

The national governments and European Commission
imvestment in clinical research infrastructures have been criti-
cal for the development of this area [22, 23]. Both, the Czech
Republic and Portugal governments have been investing in
European infrastructures of clinical research such as ECRIN-
ERIC. However, whilke in the Czech Republic the government
also invested in the national network of CT Us, in Portugal the
investment was limited to the ECRIN-ERIC membership fee.
Recently a positive discrimination for clinical research has
been introduced in the Portuguese infrastructures’ roadmap
national sirategy [24]. As referred in a previous publication
by the same authors, Germany, France, and the UK are good
examples to show the increase in the number of 1IKCTs after
the investment of respective governments in both the funding
of IICTs and supporting infrastructures [4].

€] Springer

When compared to other European countries, Czech
Republic and Portugal are below the average both in the num-
ber of IICTs/million of citizens and % NCT/total CT [4].
Considering the recent governmental strategies it is clear that
this is a work in progress, worthwhile to follow and assess in
upcoming years. It would be worth following the example of
countries like Denmark (Innovation Fund Denmark) [25] or
the UK [26] who establish new rules to support the funding
of multinational clinical trials by their national grant agen-
cies. On the other hand, the recent governmental initiatives in
Czech Republic and in Portugal to stimulate clinical research
might serve as an example for those countries with lower
number of IICTs identified in previous publications such as
Slovakia and Poland [4, 21]. Additionally, if other countries
publish their report assessment on clinical research perfor-
mance it would facilitate the comparison and extrapolation
among European countries policies and outcomes.

The relevance and impact of 1ICTs for the continuous
improvement of therapies and the development of new pub-
lic policies rely on the results’ independence from the inter-
ests of any other stakeholders [27]. Therefore, it is critical
for the countries to promote IICTs through a comprehensive
and stimulating set of public policies and funding. For exam-
ple, Italian government decided to invest on [ICTs funding,
through the Italian Medicines Agency (AIFA) that resulted in
an increase of the number of independent clinical research and
scientific outputs [28, 29]. This initiative started in 2005 and
an amount of 40 ME/ear have been provided by the industry
to ATFA, to fund competitive IICTs projects developed by
Italian physicians working in the public/non-profit sector [29].

As a limitation of this study, the number of IICTs with
IMPs in both countries might be underestimated due to lack
of registration and/or misclassification, although being man-
datory [30, 31]. Similar underestimation might also have
occurred in the registration of the other type of interven-
tional studies since these are not mandatory in both coun-
tries. Nevertheless, with this work, we expect to reinforce
the need of registration of all types of clinical studies. in
particularly those funded by national funding agencies. This
would facilitate the tracking of the studies in which a huge
imvestment was made. as well as the assessment of the out-
comes in lerms of publications, guidelines, etc.

In our view, the development of clinical research relies in
a national strategy that gather health authorities with science,
innovation and economy stakeholders. A change in the way
health care units” value clinical research outcomes and how
their performance is evaluated and rewarded, requires a new
paradigm. We expect that this work has unveiled the need
te explore further details on the ICT quality and funding in
other European countries and to learn with those that might
have implemented effective indicators to monitor their perfor-
manee in this particular type of research.
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Conclusions

For the first time, two European Countries were compared
in terms of the number of IICTs, funders and the respec-
tive scientific outcome. Our results showed that in the same
timeframe, the Czech Republic has higher number of regis-
tered IICTs and higher number of publications with Czech
authors in top journals (impact factors = 21) when compared
to Portugal. These findings might be related to the existence
of specific and periodic funding for clinical research in the
Czech Republic, although the factors behind this difference
are difficult to unravel with the methodological approach in
this study. We anticipate using the results of this study as
2 baseline to the better appraisal of IICTs evolution in the
upcoming years and inspire other countries to do the same
type of evaluation.
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Summary

Purpose:
The aim of this study was to analyse the availability and structure of European and national
funding sources for clinical research, with a specific focus on paediatric NCCTs in the Czech
Republic. The study sought to identify key financial barriers and evaluate how funding
mechanisms influence the feasibility and sustainability of academic clinical research in pae-
diatrics.

Methodology:
A comprehensive analysis of funding programmes at both European and national levels was
conducted, including public grants, institutional support, and other financial instruments rel-
evant to clinical research. The study combined policy analysis with a case study approach,
evaluating the accessibility, continuity, and adequacy of funding schemes for paediatric
NCCTs.

Results:
The analysis revealed a fragmented and insufficient funding landscape, characterised by
limited long-term sustainability and gaps in dedicated support for paediatric clinical re-
search. European funding mechanisms were found to be competitive and not always aligned
with national needs, while national funding sources lacked stability and targeted support for
NCCTs.

Conclusion:
The study demonstrates that inadequate and poorly coordinated funding structures represent
a major barrier to the development and implementation of paediatric NCCTSs. Strengthening
targeted funding strategies and improving alignment between European and national fund-
ing frameworks are essential to support high-quality academic clinical research and ensure
better outcomes for paediatric patients.
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Abstract

Introduction Paediairic non-commercial interventional clinical trials (NICTs) are crucial for healthcare provision. In spie
of the fact that current regulations and initiatives try to enhance the quantity and quality of paediatric MICTz, there ame still
shortcomings that need to be addressed in order to accelerate the conduct of relevant clinical trials in children. To impmwe
the curment landscape of paediatric clinical research, it is necessary to identify and anabyse the main trends and shortcomings,
along with their impact on national performance in peediatric NMICTs and this is the aim of this work.

Method A mirospective systematic search of paediatric NICTs was performed on four intemational clinical irials registries.
Entries wem filiered by date from 010172004 to 31/12/2017. Each identified paediatric MICT was screened and analysed for
sponsors, funders, bype of intervention, therapeutic area, design characteristics and associzied publications.

Results The search identified 439 unigue MICTs. When stratifying the trials by enrolment ages, 36 trials were found imvolving
the paediatric population. Most trials investigated the use of medicinal prodocts and were focused on cancer or cardiovascalar
dizeases. The most common sources of the funding were non-profit organizations. Furthermore, from the total number of
completed trials, only half of them already published their resualts.

Conclusion The main shortcomings—specifically, ethical, methodological and, in particular, economic obstackes wem
identified. There is a continual need for greater support and collaboration between all major stakeholders including health
policymakers, grant agencies, research institutions, pharmaceutical industries and healthcare providers at the national and
iniemational level.

Keywords Mon-comme rcial Clinical Trials - Paediatric clinical research - Financial sources - Inemational Clinical Trials
Regisiries - Infrastructune
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CROs Clinical Research Organizations

CTs Clinical Trials

CZECRIN Czzch Clinical Research Infrastructune
Network

ECRIN European Clinical Research Infrastructure
MNetwork

EMA European Medicines A gency

EUCTR European Union Clinical Trials Register

ICMI International Committes of Medical Jour-
nal Editors

1D Identification Number

ISCTREN International Standard Randomized Con-
trolled Trial Number Registry

NIH National Institutes of Health

PedCRIN Paediatric Clinical Research Infrastruc-
ture Network

WHO-ICTRP  World Health Organization’s International

Clinical Trials Regisiry Platform

Introduction

Although children are our future and they should have the
same options and conditions of meatment as adult patients,
it is not the current reality [1]. The most common situation
in paediatrics is treatment using medical products author-
ized for adults with an adjustment of dose or drug dosage
form [2]. The majority of drugs for children ar prescribed
empirically, based on physician’s experiences on an “off-
lahe]” regime and the authorization for children is missing
[3]. In comparison with adult medicine, it is striking because
adult patients are reated exclusively with drugs developed,
authorized and confirmed in clinical trials designed for the
adult population. Herzin lies the challenge, a child is not just
a small adult and in the absence of specific trial-based data
on children, clinicians are forced toextrapolate from resulis
of trials on adults [4]. This extrapolation is often inappropri-
ale because children have a different range of diseases and
the drugs hold different pharmacokinetic and pharmacody-
namic characteristics in children, resulting in responses o
treatment that are unpredictably different to adulis and can
be endangering [3]. The development of new drugs specially
for children is rare, and therefore, there is no choice but to
use adult medicines for children; still, these drugs should
have their viability confirmed in paediatric clinical trials
[6]. However, pasdiatric clinical trials have been largely
neglected over the long term which has led to a lack of avail-
ahle data of efficacy and safety even of drugs which we have
been administering for decades [7].

The off-labe] use of adult medicines is a result of the fact
that conducting paediatric clinical trials is more challeng-
ing than those conducted on adults [8]. The pharmace utical
companies are not interested in conducting clinical trials

€1 Springer

on the paediatric population [9]. For pharmaceutical com-
panies, clinical trials are a basic tool to get authorization
and approval for marketing of their new medicinal products
[10]. The available market of medicines for children is of a
much lower quantity and quality as for the adult population
[11]. The conducting of costly and lime-consuming pacdi-
atric clinical trials nds to be pointless for pharmace utical
companies [12]. It will not increase their sales through more
prescribed drugs because they are already prescribed in an
“off-label” regime [ 13]. The non-refundable costs embedded
in paediatric clinical trials represent an investment that many
companies cannot afford nowadays [ 14].

The regulatory authorities throughout Europe react to
this to create smoother conditions and supporting initia-
tives for conducting paediatric clinical wrials. To address the
paucity of paediatric research, many regulations have been
launched with the primary ohjective being a shift in mind-
sel from “protecting children from research™ to “protecting
children through research™ [15]. In practice, the develop-
ment of medicinal products for the peediatric population
within Europe is now obligatory. For instance, the European
Pazdiatric Regulation requires applications for marketing
authorizations to be accompanied by either a product-spe-
cific waiver or a paediatric investigation plan, to he approved
by the European Medicines Agency (EMA) [16]. In return,
the patent is prodected for an additional 6-month period viaa
patent extension, for drugs used in orphan diseases from 10
to 12 years and medical products must be authorized in all
EU member states. These rules apply for new medicines and
new pharmaceutical forms, new methods of administration
of existing authorized products [ 17-19]. Although regulators
have implemented these measures to increase the number of
paediatric clinical trials and, consequently, marketed new
medicines for children, the impact on the number of clinical
trials performed remains modest and new drugs authorized
for the pasdiatric population are not aceruing [20].

The pharmaceutical companies t2nd to initiate paediatric
trials only if a sufficient return on investment is likely. Asa
conszquence, the pharmaceutical industry will most likely
focus on a very limited number of potentially profitable
producis [12]. From this perspective, non-commercial clini-
cal trials represent a crucial tool for developing and updating
the guidelines for clinical practice. Although NICTs usually
provide little direct potential economic benefit as newly mar-
keted drugs. the added value of paediatric NICTs lies in a
high scientific bene fit with transmission to clinical practice,
appearing e.g. at the level of updated. optimized guidelines
[21].

Generally, NICTSs (also named academic) are focused on
patient approach and an attempt to answer relevant ques-
tions from clinical practice. These trials include testing of
currently authorized drugs for adults but in the pasdiatric
population, comparisons between effectiveness and safety
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trials, or providing evidence of novel indications for reg-
istered drugs, including rare diseases. NICTs could also
facilitate the accessibility of 2 new reatment in paediatric
patiznts. Besides drugs. other interventions such as medical
devices, nutrition, behaviour or therapeutic. diagnostic and
surgical procadures are included in NICTs. Above all, NICTs
provide robust evidence to improve therapeutic guidelines,
support clinical decisions and enable policy makers 1o make
sustainable policy decisions on public health [22].

In this regard, it is possible to define the level of quality
of applied biomedicine research in the country using NICTs
as a measurement, not only the number of ongoing studies
but also the quality of the results publications from the fin-
ished trials. The main objective of this work is to identify
and analyse the main trends and shorteomings, along with
their impact on national performance in pasdiatric NICTs.

Methods

In accordance with the main goal of this work—investigat-
ing paediatric NICTs to discover exactly how these types
of trials are currently being conducted. We identified all
paediatric NICTs which were registered between the dates
01/01/2004 to 31/12/2017 from recruitment sites in the
Czech Republic.

This work represents a unique overview of the current
landscape of pasdiatric NICTs in the Czech Republic.

Table 1. The Detailed Search Methodolopy.

Search Methodology

[Drata related to all non-commercial interventional clinical
trials from 4 international clinical trials databaszs were
collected. It was comprised of information about trials
that had been registered between the dates 01/01/2004 10
31/122017and marked as “Non-commercial” and “Inter
ventional™ trials.

The selection of the databases used for the search was
based on previous research undertaken by Madeira et al.
[23]. namely:

* ClinicalTrials.gov

* The European Union Clinical Trials Register (EUCTR )

« BioMed Central Intzrnational Standard Randomized
Controlled Trial Number Registry (ISCTRN)

* Australia and New Zealand Clinical Trials Registry
(ANZCTR)

The search strategy was different in each of the databases
noted above, therefore the input of search keywords was var
ied. The detailed search methodology is specified in Table 1.
The database searches coverzd the period from 01/01/2004
until 31/12/2017. If possible, the terms “Non-commercial™,
“Interventional™ trial and the name of the country “Czech
Republic™ were used in the general search field in combina-
tion with an individual inspection.

The search of the EU Clinical Trials Register (www.clini
caltrialsregisler.eu) was performed using the time interval

Display in the Search Field as

Keys Terms ClinicalTrials. gov EUCTR ISCTRN AMNZCTR
Interventional Trial type: interventional Mot applicable (NA) NA Trial type: interventional
This datahzse contains onby
information on interven-
tienzl clinical trials
Mon-commercial Additional Criteria Generl search field: Non-  NA Primary sponsor type:
Funder Type: Maticnal commmercial Government body,
Imstitutes of Health, ALl Hospital, etc. besides
others, etc Commercial sector’
industry)
Counfry Laocations: Country Select Country Countries of recruitment:  Countries of recruitment
Time frame from Additional Criteria: Start Select Date Range: from-to  Date applied: from-to ‘Trial start daie: from—to
0010 172004 until daie from-to
N7
Population Child {birth-17) Adolescent; Children; In Meonate; Child Child {umder 18 years)
utero; Infant and Toddler;
Mewbom; Preterm new
born infants; Under 18
Link www.clinicalirials. gov www.clinicalirialsregist hitpsiwww. istoin.comd WWW.ENZCIT.ong. 2

arsu
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EUCTRE The European Union Clinical Trials Register. ISCTEN BioMed Central Internationzl Standard Randomized Controlled Trial Nomber

Registry, ANZCTR Australia and New Zealand Clinical Trials Registry.
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between two dates (from 01/01/2004 until 31/12/2017} and
with the terms "CZECH REPUBLIC and NON-COMMER-
CIAL" in the general search field.

At ClinicalTrials.gov it was not possible to distinguish
betwzen commercial and non-commercial trials therfore an
advanced search was performed. The trials were extracled
by selecting the options “Interventional™, the limited time
period, the name of the country and the appliad filter for the
funder type: NIH (U.5. National Institutes of Health), Other
U.S. Federal agency. All others (individuals. universities,
organizations) and Industry.

At ANZCTR an advanced search was performed by
selecting the erms “Interventional”, the name of the county
and the referred time frame in the relevant fields.

The ISCTRN registry is associated with the BiomedCen-
tral database. In this database it was not possible o refine
the search except by selecting the time period and the name
of the country.

Extraction and Complementary Information

The following information was manually extracted from the
registries for each of the NICTs found and is grouped by
clinical specialties within each database. The data elements
of interest were: Trial Identification number (Trial ID)}—
main and secondary, population, recruitment status, sponsor
name and country, trial phase (when applicable), interven-
tion, purpose, therapeutic area, design characleristics, type
of funding and, publications of the completed trials.
Finally, manual review was used to confirm the compli-
ance with the inclusion and exclusion parameters.
Exclusion parameaters were:

« Indusiry sponsored trials

* Starting before 01012014

» Participant recruitment beyond the Czech Republic
+ Non-intervention trials

To categorize the non-commercial sponsors the follow-
ing categories were created: Disease-Specific Organization
(Disease associations or research institutes dedicatad w a
specific therapeutic area), Foundation, Hospital, Others (e.g.
Individual investigators gcting as sponsors), University and
Research Institutes (non-specific therapeutic area).

NICTs can be funded by one or more sources, e.g. a sec-
ondary sponsor or collaborator. Al these sources of funding
found in the searches have heen assigned to the predefined
categories:

- Not-for-Profit organization (such as public institutions,
funding agencies, disease-specific organizations)

— For Profit Organizations, when a privale company is
identified (Indusiry)

€1 Springer

- Both, when the funding is provided from industry and
another not-for-profit organization
- Not clear, when the information is not provided in any

T2 gistry.

Because clinicaltrials.gov does not require funding infor-
mation, the funding source was delivered on the basis of the
“collaborator™ fields and the secondary 1Ds in some cases.
The support of funding agencies was perceived through
secondary 1Ds where the code of the grant agreement was
added in some cases.

The field “Source(s) of Monetary Support” in the WHO-
ICTRP database (World He alth Organization's International
Clinical Trials Registry Platform) is fed by the information
from the field “Sponsor and collaborators™ from Clini-
calTrials.gov. Therefore, when the funder was unclear on
ClinicalTrials.gov and only the sponsor was listed under
‘sponsor’, those mentioned under WHO-ICTRP in the sec-
tion “Source(s) of Monetary Support”, were considered as
funders also.

Identification of Duplicate Records

Some NICTs are registered in more than one register. A
search allowing the identification of replicated trials was
performed with the use of the excel function to identify
duplicates comparing titkes, sponsor and the main and sec-
ondary trial identification number public search function.
The duplicates were excluded and not considered for the
total number.

Searching Publications of Completed NICTs

To determine whether trials had published manuscripts in
scientific literature, the characteristics of the trial (such as
the titles, ID, names of the investigators and acronyms asso-
ciated with the trial) were used to search both the PubMed
database and Google.

Searches of results reporting were restricted to compleied
trials until the end of 2017.

Additionally, manual review was undertaken to complete
information about the funding sources of all published trials
to identify any other relevant information that may have been
missed by megistry searches.

Identification of Paediatric NICTs

A later step was focused on selecting trials that involved the
paediatric population. Trials with young participants were
identified by manual review according to the trial charac-
teristic “population” in our database. The records were con-
sidered acceptable if the participant age range was specified
(018 years) (for more details, sse Table 1).
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Finally, around 40% of the data were checked by an inde-
pendent expert for appropriate content and consistency,
ensuring that entries were relevant and correct. The evalua-
tion of the results was restrictad to pasdiatric trials only. The
descriptive statistic has been used.

Results
Identification of Non-commerdal Paediatric Trials

A total of 3496 interventional trials were identified in the
four international clinical trials databases and were screened
individually to isolate those that had a non-commercial
sponsor, mention the Czech Republic as a country of the
Sponsor or recruiting site, involved the pasdiatric population
and started between the dates of 01/01/2004 to 31/12/2017.

In Fig. | the number of registered trials found in each
database is shown. From all the screened trials, 2971 were
found to have a commercial sponsor. Although marked as
non-commercial trials, 46 were recognized as duplicates and
the other 40 were also discarded because they did not mest
the inclusion criteria (the start of the trial was beyond the
time period or they were only observational). Those all wers
removed and not considered in the total number.

Removing these from the original total of 3496, the
search identified 439 unigue NICTs with non-commercial
sponsors conductad in the Czech Republic. When stratifying
thesa trials by enrolment age, 86 trials wen found to involve
the paediatric population.

Within the referred timeframe, between the dates of
01012004 10 317122017, a slightly increasing trend with
some upward or downward deflaction can be obsarved. The
greatest number of trials were started in the years 2013 and
2015. By contrast, in the year 2004 only one trial was staried
and a similar situation can be seen in the year 2008 (N=2)
and 2011 (N =3). The sharpest rise came in the year 2005,
when the number increased to 6, which was largely attrib-
utable to the implementation of the ICMIE (International
Commitiee of Medical Journal Editors [21]) policy. In the
remaining years of the period the number of the rials was
stable (Fig. 2).

As shown in Table 2, hospitals (N =33), universities
(N'=33) and disease-specific organizations (N= 14) ame the
most frequent sponsors of non-commercial paediatric trials.

The focus of pasdiatric non-commercial trials is most
commonly oncology (V=29), cardiology (V= "7) and meta-
bolic disease (N= 5), in the centre of this spactrum are hae-
matology. neurology. infectious disease and gastroenteral-
ogy (N=4). Less commonly involved are therapautic areas

Clinical Trials Register )
(EU-CTR) . Clinica Trial. gowv BiomedCentral (ISRCTRN) ANZCTR
N=235 N=3183 N=52 M= 26
Commerdal = 64 Commerdal = 2006 Commercial = 1 Commerdal= 0
Discarded = 3 Discarded = 27 Discardad = 9 Discarded= 1
] I ! !
| Non-Commercial = 168 | | Non-Commercial = 250 | ‘ MNaon-Commercial = 42 ‘ | Mon-Commercial = 25 |
I———
‘ Total Mon-Commercial = 485 |
‘ Duplicates = 45 I—

| Total Mon-Commsercial = 438 |

|

| Paadiatric = 88 |

Figure 1. Flowchart Depicting the Systematic Search of Paadiatric
MICTs in Each [hatabase. The Search was Performed on Four Internz-
tionzl Clinical Trials Registries (EUCTR, Clinicalirials.gov, ISRCTM
and AMZCTR). Clinical Trials Starting from 010172004 umtil
3122017 were Identified in Ezach of the Database Repistries. Afier
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Discarding Commenrcial Trials, All Remaining CT's were Gathered
itz One Excel Sheat. Duplicaie CTs were also Discarded. Pasdiat-
ric CTs wemr Identified via Manual REVIEW According to the Trial
Characteristic “Popalation”™.
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Figure 2. The Number of Padiatric NICTs Started in Each Year During the Time Period 0170 1/2004 to 31/1272017 (N=86).

Table 2. 'The Number of Paediatric NICTs According to the Sponsor
(N=86).

Table 3. The Number of Paediatric NICTs According to the Thera-
peutic Area (V=_86).

Sponsor Total Number Therapeutic Area Total Number
Hospital 35 Oncology 2
University 33 Cardiology 7
Disease Specific Organization 14 Metabolic Diseases 5
Research Instituie 3 Otolaryngologists 4
Foundation 1 Gastroenterology 4
Immunology 4
Infectious Diseases 4
such as musculoskeletal system disease (V= 1) and ophthal- ~ Neonatology 4
mology (N= 1: Table 3). Newsulogy 4
The majority of the trials (N=60) were focused on  Haematology 4
medicinal products versus other interventions as a procedure O™ >
(N=6), surgery (N=35), diagnostic method (N=4) or medi- ~ Aneesthesiology 3
cal device (N=4; Table 4). Most trials testing medicinal | =umatology 3
products are in phase IIl (V=22), followed by phase 1and 73" R
IV (N= 60; Table 5). Dermatology 2
The majority of the trials had an international sponsor ~ Respiratory Diseases 2
(N=57; Table 6A). A small percentage of the paediatric  CPAaimology ) :
Musculoskeletal Symml‘ 1

trials with national sponsors were conducted as international
(N=3, 10%: Table 6B).

In total, 48 trials (56%) were monocentric and 23 (27%)
trials were conducted as a multicentre (Table 7A). Most of
the trials were randomized (N=53, 62%: Table 7B).

The analysis of the funding sources showed that more
than two-thirds of trials were funded by a public organi-
zation (N=65, 76%); generally, grant agencies, govern-
ment bodies or other non-commercial organizations. Of
those trials, a total of 12 received financial support from
international funding agencies such as the European Com-
mission and 5 from national funding agencies such as the
Internal Grant Agency of the Czech Ministry of Health.
Industry was identified as the funding source for 4 trials

€ springer

Table 4. The Number of Paediatric NICTs According to the Type of
Inervention (N=86).

Type of Intervention Total Number
Medicinal product 60
Procedure 6
Surgery 5
Behaviour 4
Medical device 4
Diagnostic method 4
Nutrition 3
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Table 5. The Mumber of Pasdiatric MICTs with Medicinal Prodocts
Divided According to the Type of Phase (W= &)

Type of Phase Total Number
Bioequivalenoe 1
I 1
v 3
I 11
man 4
11 2
LY 1
v T
Mot specified 10

(3%, while 9 trials (10%) were funded by both private and
public organizations. No information regarding the funder
was reported for 9% of the trials (Fig. 34).

At the moment, more than half of the trials (N =353,
62% ) are active and are recruiting patients at the time of
writing. The total number of completed paediatric trials
was 24 (28%); only 12 of them have already published
the results, which amount to 30% (Fig. 3B ). Most of the
published trials were focused on the testing of medici-
nal products (N="7) and were published in journals with
an impact factor lower than 3 (N =6). In 83% (V= 10} of
the published trials the funding source was from public
organizations (Table 8).

Discussion

For the first time, this work provides a unique overview of
the facts about paediatric investigator-initiated clinical trials
in the CR betwesn 01/01/2004 and 31/12/2017. This period
includes the time after 2004, the year of the International
Committes of Medical Journal Editors’ implementation
(ICMIE), policy requiring the registration of climcal trials
45 a premrquisite for consideration for publication [21].

The work examined the data collected from four clinical
trial public databases to describe the current status of pas-
diatric NICTs in the CR with the aim of defining trends and
shortcomings, knowledge of which would help to increase
the kevel and quality of independent non-commercial clinical
reszarch in the CR. The type of sponsor, intervention, phase,
therapeutic arza, design characteristics, and type of funding
were reviewed and analysad.

In practice. conducting NICTSs is extremely time-con-
suming and requires good logistics and management s
vices, Limited financial and human resourcas hamper the
organization of NICTs which have w comply with the same
regulatory requirements as big pharmaceutical companies
investigating a novel therapy [24]. The limitation of fund-
ing from national grants is the costeligibility. Only national
costs are eligible, which means o only national trial can be
conducted. However, to get a powerful sample, you need
multinational trials. For university hospital physicians with
an enormous workload of teaching and ensuring medical

Table 6. Distribution of NICTs According to the Origin of Sponsor (A) International vs Mationzl and Involvement of Other Countries in CTs

with Mational Sponsors (B) Mational vs International Trial

(A} Origin of Sponsor Total number
International sponsor paediatric NICTs 57

Mational sponsor paediatric NICTs 29

(B} Type of Trial with MNational Sponsor Total number
Mational trial 26
International trizl 3

Table 7. The MNomber of Paediatric MICTs According to Type of Clinical Trial (A) Monocentric vs Multicenire and (B ) Randomized vs Non-

randomized (V= 38).

(A) Type of Clinical Trial Total Mumber
Monocentric 48
Multicenime x]
Mot specified 15
(B} Type of Clinical Trial Total Mumber
R andomized 53
MNon-randomized n
Mot specified 12
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Figure 3. aThe Percentage and Number of Paediatric NICTs Accord-
ing to the Type of Funder (N=86). b The Percentage and Number of
the Paediatric NICTs According to the Status (V=_86).

care, preparing, initiating and enacting a multinational clini-
cal trial is challenging [25]. The competition involved in
obtaining financial resources from a European grant takes
great effort, time and expertise. Physicians are not generally
well trained in the application process for the grant funding.
Therefore, the support of specialists in this area is crucial

[26]. Furthermore, the long delay between application and
funding all the way to approval can lead to the failure of even
starting NICTs.

The limitation of these funds is usually a short timeframe
for patient recruitment and the fact that they generally do
not allow subcontracting with for-profit Clinical Research
Organizations (CROs) and involve other centres in different
European countries.

In some cases, NICTs can also be funded by other not-
for-profit organizations such as patient associations, govern-
mental organizations and foundations [27]. Private sources
of funding for NICTs are increasing over recent years. Par-
ticipation of private companies may also be in the form of
drug product supply. financial resources or both. With this
type of collaboration between pharmaceutical companies
and an individual non-commercial investigator, there may
be arisk that the company struggles to persuade the inves-
tigator to work on defined priorities rather than their own
research aims [28]. In the face of this, these trials should
not be truly considered in the sense of independent non-
commercial research.

Thus, the continuous funding and commitment of
governments is an important step. as is mentioned in the
upcoming Clinical Trial Regulation (Regulation (EU) No
536/2014)—In order to maximize the valuable contribution
of such non-commercial sponsors and to further stimulate
their research but without compromising the quality of clini-
cal trials, measures should be taken by Member States to
encourage clinical trials conducted by those sponsors [29].

During the last decade several EU-level guidelines came
into force requiring the conduct of more paediatric clinical
trials in order to force the development and accessibility
of medical products for children [30, 31]. In line with this
there has been a gradual shift to the current consensus that
children deserve the same level of healthcare as any other
age group [32]. It was acknowledged that this initiative
had a positive impact and led to an increase in the number
of non-commercial trials [33, 34]. The implementation of
Directive 2001/20/EC certainly improves the quality of
clinical trials and assures the safety and well-being of trial
subjects [35]. Nevertheless, at the same time, perform-
ing an NICT according to the new requirements is nearly
impossible for clinicians and non-commercial researchers
without cooperating with expensive specialized experts,

Table 8. Charackeristic of the

Published Pasdiatric NICT's Intervention Impact Factor Funders

N=12). Behaviour 2 Oto5 6 Non-profit organization 10
Device I 6020 5 Both 2
Medicinal Product 7 21 and higher 1
Surgery 2
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such as project managers, statisticians, data managers,
pharmacists and monitors [36]. This area also presents a
lot of challkenges mainly due to differences in national law
and practice; without industry sponsorships, conducting
pacdiatric NICTs seems almost unthinkable. Indeed, the
investigators spend a lot of time and resources on plan-
ning and preparing study documentation in order to suc-
cessfully submit to the relevant regulatory authorities and
ethics committees.

Also, Fig. 2 supports the conclusion that regulatory pol-
icy has had a slight effect on paediatric trials practice in the
CR. The number of pazdiatric NICTs conducted in CR. grew
between 2004 and 2017. On the other hand, these NICTs
seem to have been registered in order to comply with ICMIE
policy [21]. In 2016, there was a significant decrease in the
number of NICTs, which could be explained as an impact
of the termination of the Internal Grant A gencies under the
Ministry of Health in the CR in 2014 and the establishment
of the new Agency for Health Research a year later [37].
Researchers had limited opportunities to gain rsources to
support NICTs, which could have reduced the number of
registered NICTs.

Over half of the trials have international sponsors, which
is a good indicator of CR's attractiveness. Despite this, only
a small number of NICTs initigted by a national sponsor
were conducted as multinational and multicentric [38]. This
can likely be explained by the condition of national grants
that do not allow the provision of financial support (o foreign
partners. By contrast, Belgium and Denmark, for example,
have the different rules [39, 40]. Public national funds in
those countries can also be used for the involvement of for-
eign partners. This fact fosters the implementation of mulk-
tinational, multicentrs trials and also boosts patient recruit-
ment and often leads to an improved collaboration.

Furthermaore, there are other impediments when conduct-
ing multinational trials including regulatory fragmentation
in participating countries’ centres (such as an informed con-
sent‘assent, ethical review, pharmacovigilance, data moni-
toring. language and insurance) [41].

The analysis of therapeutic areas shows that NICTs cover
a wide range, with oncology and cardiology at the forefront.
Mextin ling are metabolic diseases. haematology, neurology,
infectious diseasesimmunology and gastroenterology. but
no particular area dominates. Generally, this is a good sign
as it demonstrates that paediatric research is covering a wide
range of diseases. Most paediatric NICTs are randomized
and most trials test drugs in Phase 111 which corresponds
to the fact that non-commercial trials typically test already
licensed drugs for a new indication, different roue of admin-
istration, o new dose/dosage form.

Overall, paediatric research has gained a boost in all of
Europe as is shown in the EMA report. The proportion of
clinical trials in the European clinical trial database EudraCT

that includes children has increased by 50% in 2007-2016
from 8.25 to 12.4% [30].

Indeed, CR is below the European average in regards to
conducting non-commercial clinical trials. Only 4% of all
registered clinical trials are initiated by investigators without
industry sponsorship, while the European average is 17%
[42].

The registration of trials and provision of basic infor-
mation about a sponser, protocol and results in a publicly
accessible registry is the first step to promoting transpar-
ency in clinical trials research and it is also one of ethical
principles of the Declaration of Helsinki [43]. The primary
responsibility for registration and providing data lands with
the sponsors, principal investigators and in some instances
other persons/organizations authorized by the sponsor. The
provided data should be current and complete, although in
some cases information was not available in the screened
registries. This is probably due to the fact that completion of
s0me items is now optional. Future improvement could be to
make full completion of the individual trial in the regisiry,
before its approval, mandatory, including the fields referring
to a funder and ownership of the results. According to the
presented results, most of the pasdiatric NICTs in CR (76%,
N =65) are fundzd by non-commercial organizations., 15%
of the NICTs meeived support from the private sector. This
suppart could be financial, the supply of medical products’
devices or both; when the trial is funded or supported by a
private company it is often not clear who will be the owner
of the obtained data. IT the owner is a private company, the
trial should not be considered as independent non-commer-
cial research. According to the screenad megistries, it is not
possible to find out who is ownership of the results. Nowa-
days, some journals have introduced a requirement of the
full disclosure of funders [23].

From the total number of completed non-commercial tri-
als, (N=24) only half of them have already published the
results, despite the duty staed in the Declaration of Helsinki.
Additionally. in the case of clinical trials on paediatric sub-
jects the results should be publicly available & months after
the end of the trial (generally the obligation for public results
of clinical trials is one year. [17, 43]). This corresponds to
the cohort study published in The Lancet where compli-
ance with legal requirement to report clinical trial results on
ClinicalTrials.gov was followed. Only 1722 trials from the
4204 e gistered in our particular timeframe on ClinicalTri-
als.gov reported results within a I-year period [44].

Conclusion
Generally, non-commercial clinical trials are the basis of a

country’s clinical research strength [45, 46]. They have a
crucial importance for healthcare provision, as they answer
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questions which are highly relevant but often disregarded
by the pharmaceutical industry, especially in the case of
the pasdiatric population due to its very low profitability
[47]. However, those trials still represent a relatively small
percentage compared to the commercial ones [48].

One potential way to support paediatric climcal trials
could be via European infrastructures such as the ECRIN
[49], particularly the PedCRIN project which is focused
on developing the capacity for the management of multi-
national pazdiatric non-commercial clinical trials [50]. At
this time CR is a full member of the ECRIN infrastructure
and a national network named Czech Clinical Research
Infrastructure Network (CZECRIN) was established at the
end of 2004 [51, 32]. The aim of CZECRIN is to create
a sustainable research environment and help researchers
with the planning and conducting of NICTs [33]. The
offered support encompasses, for instance. submission
procedure to regulatory authorities. trial management,
pharmacovigilance, monitoring or data management. CZE-
CRIN has established a network of Clinical Trial Centres
at Czech medical faculties/university hospitals with the
aim to deliver these scientific services across this network
[51].

One of the most pressing issues is public funds. There
is a need to simplify and refine the financing rules for the
future which include all the stakeholders. From the health-
care providers, o the government, grant agencies, research
institutions and industry, we need to make international
costs more affordable, where the sponsor comes from the
CR but NICTs must be multinational for the aforemen-
tioned reasons. New concepts of funding should be set up,
for example specific grants of the European Union or their
member states. Furthermore, pharmaceutical companies
and all stakeholders involved in paediatric clinical trials
must realize that the small financial contributions of the
past are not sufficient any more to perform high quality
pacdiatric 11Ts according to Directive 2001/ 20VEC [35].

Another important step in order to follow future evalu-
ations and comparison of NICTs performance is improv-
ing the accuracy of clinical trials” registrations. A legal
mandate for trial registration, not just for medical prod-
ucts, including disclosure of the funder and respective
ownership of the results could also have to impact on the
transparency of clinical research. A comparison of other
European countries could be & useful scientific indicator;
however, it is difficult because publications allocated 1o
this topic are not commonly available.
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Del Alamo M, Bihrer C, Fisher D, Griese M, Lingor P, Palladini G, Sireau N, Hivert V,
Sangiorgi L, Guillot F, Halftermeyer J, Souckova L, Noskova K, Demlova R. ldentifying
obstacles hindering the conduct of academic-sponsored trials for drug repurposing on rare-
diseases: an analysis of six use cases. Trials. 2022 Sep 15;23(1):783. doi: 10.1186/s13063-
022-06713-y. PMID: 36109818; PMCID: PMC9479412.

Summary

Purpose:
The aim of this study was to identify and systematically analyse the key barriers affecting
the initiation and conduct of academic-sponsored clinical trials focused on drug repurposing
in rare diseases. The study addresses a critical gap, as drug repurposing represents a highly
relevant strategy for rare diseases, yet remains underutilised due to structural and regulatory
challenges.

Methodology:
The study was based on an in-depth analysis of six multinational clinical trial “use cases”
within a European research framework, examining real-world experiences from trial design
to implementation. Data were collected from coordinating investigators and analysed to
identify methodological, regulatory, financial, and operational obstacles encountered during
trial setup and execution.

Results:
The analysis revealed multiple interrelated barriers, including complex and heterogeneous
regulatory requirements across countries, insufficient and fragmented funding mechanisms,
and challenges in trial coordination and infrastructure. These obstacles led to significant
delays, increased administrative burden, and in some cases hindered trial initiation or com-
pletion.

Conclusion:
The study demonstrates that the feasibility of academic-sponsored trials in rare diseases is
strongly limited by systemic and organisational factors rather than scientific challenges. Ad-
dressing regulatory harmonisation, improving funding structures, and strengthening re-
search infrastructures are essential to enable efficient implementation of NCCTs in this field.
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Identifying obstacles hindering the conduct
of academic-sponsored trials for drug
repurposing on rare-diseases: an analysis of six
use cases

Marta del Alamo™ (3, Christoph Bihrer®, Dirk Fisher®, Matthias Griese®, Paul Lingor®, Giovanni Palladini®,
Micolas Sireau’, Virginie Hivert®, Luca Sangiorgi®, Florence Guillot™®, Juliane Halftermayer', Lenka Soudkova®'?,
Kristyna Noskova™'? and Regina Demiovd'?

Abstract

Background: Academic-sponsored trials for rare diseases face many challenges; the present paper identifies hurdles
in the set-up of six multinational dlinical triaks for drug repurposing, as use cases.

Methods: Six academic-sponsored multinational triaks aiming to generate knowledge on rare diseases drug repur-
posing were used as examples to identify problems in their set-up. Coordinating investigators leading these trials
provided feedback on hurdles linked to study, country, and site set up, on the basis of pre-identified categories estab-
lished throwgh the analysis of previous peer-reviewed publications.

Results: Administrative burden and lack of harmonization for trial-site agreemenits were deemed as a major hurdle.
Other main identified obstades included the following: (1) complexity and restriction on the use of public funding,
especially in a multinational set wp, () drug supply, including procurement tendering rules and country-specfic
requiremnents for drug stability, and (3) lack of harmonization on regulatory requiremenits to get trial approvals.
Condusion: A better knowledoge of the non-commercial dinical research landscape and its challenges and require-
mients is needed to make drugs—espedally those with less commercial gain—accessible to rare diseases patients.
Better information about existing resources like research infrastructures, clinical research programs, and counseling
miechanisms is needed to support and guide clinidans through the many challenges associated to the set-up of
academic-sponsored multinational trials.

Keywords: Randomized clinical trials, Rare diseases, Drug repurpasing, Academic-sponsored, Barriers, Challenges

Background coordination of randomized clinical trials (RCTs), which
Many barriers exist to advancing knowladge and treat-  are still the basis for the evaluation of interventions and
ment for rare diseases. The most acknowledged chal-  clinical guidelines. In this set up, multinational, multi-
lenge s the small number of eigible participants for  center dlinical trials are required to schieve sufficient
a given study, with a major impact in the design and  recroitment. International collaboration is nevertheless

constrained by scientific, ethical, economic and regula-

tory considerations.
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a systemabic literature review. More recently similar
analysis has been published for all disease areas [2], rave
diseages [3], and developing countries [4]. Although rave
digeases may present unigue clinical problems, some of
the methodological and operational challenges to study-
ing health outcomes are common for other diseases
areas. [ndeed, all these publications have similarly con-
cluded that the barrers to the conduct of multinational
BCTs are significant, and although none of these reviews
make a clear distinction between industry-sponsored tri-
als and academic/investigator-initiated trials, maost of the
identified constraints might affect especially the latter [5].

Commercially sponsored clinical trials ave responsible
for bringing most of the new drugs to the market. How-
ever, these dinical trials assess the safety and efficacy of
drugs that are chosen by a commercial entity that funds
the entire process. Mon-commercial or acadermic tri-
als have their own additional specific objectives, often
focusing en refining or geiting new indications of avail-
able treatments (drug vepurposingh and eptimizing thera-
petitic steategies that do bet have as much Anancial gain
for the pharmaceutical industry. Drug repurpasing has
especially been coimed as a possible relevant steategy
for development of medicines for rare diseases. Indeed,
a recent analysis [6] showed that 75% of the develop-
ments of repurposed orphan drugs authorized during the
2001 6-H120 period were started in academia. Pharmaceu-
tical companies may find a commercial interest in pursu-
ing clinical development to repurpose drugs that are soll
on patent. However, they are less likely to carry out such
a development for out-of-patent medicines. Academic
institutions would be willing to explore repurposing
options despite the fact that academic-sponsored trials
face a high aumber of challenges, neluding (a) lack of
funding or bong ranging Ainancial support covering whex-
pected isswes during the tral (b)) inadequate infrastiue-
ture o plan, implement, and execute the tral including 2
working guality management system (£} necessary struc-
wred processes to facilitate academic collaborations, and
a lack of platforms to discuss and solve isspes related to
academic trials that results in dificulties 1o access the
right partner assisting on the operational management,
usaally provided by coniract research organizations
(CRO9) on industry-sponsored trials,

Academic sponsors and investigators end-up geiting
involved not only in the scientific aspects of the research,
it alio having to navigate the eperational coordimation
and management themselves.

Because drug repurposing has the potential to deliver
treatments faster to patients with rare diseases, in this
study, we address the following research guestion—what
are the hurdles than hinder the condwct of clinical tri-
als on drug repurposing for rare diseases initiated by
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academia? This paper describes outcomes of a use cases
analyais of the methodalogical and operational challenges
faced by coordinating investigators leading & investiga-
tor-initiated trials for drug repurposing on rare diseases
over the Last five vears, most of them funded through a
“virtual common pot” mechanism, Le., theough the com-
bination of national funding sources, without cross-bor-
der transher of funds.

Methods
This work is based on topics discussed in two meetings,
the mid-term monitoring meeting of E-Rared | TC2016
{organized in 2020) and the European Joint Program
Metworking Support  Scheme (EJF N55) workshop
“Identifying systematic obstacles hindering the develop-
ment of academic-sponsored trials for drug repurposing
on rare-diseases” The E-rared 2020 mid-term Monitor-
ing Meeting followed the development and advances
of the projects granted on the E-Rare3-Joint Transla-
tienal Call 2006 ("Clinical research for new therapeutic
uses of already existing molecules-repurposing-in Rare
Diseases”). This was the frst time that a Rare Diseases
Joint Transnational Call funded clinical trials and 8 pro-
jects were selected. Five of the 8 investigators awarded
on this call, who presented the progress of their funded
trials in 2020, were later invited to participate in the
EIF M55 workshop, alming to discuss and identify
operational hurdles linked to the development of mul-
tinational academic-sponsored trials for rare diseases.
Additionally, the M55 event included the communica-
tigi of the DevelopAKUve deug develogment program.
This program was not funded through the E-Rare3-
JITCHE but comprised three multinational academie-
sponsored trials (SONIAL, SOMNIA2 and SOFIA) for
drug repurposing partly funded by the EU (FP7 pro-
gram) and was considered of high intevest to reach the
goals of the N5 event. Thus, six academic-sponsored
multinational RCTs for rare diseases were selected as
use cases to describe operational hurdles [Table 1), The
3 trials integrating the DevelopAKUre program were
considered all together as one "use-case” provided that
they were all coordinated by the same team and had a
similar operational set up.

All 6 use cases were selected based o the following
crileria:

— Multinational clinscal trial for rare diseases
- Investgatoe-initiated trial
— Drug repurposing

and availability af their coordinators to participate in
the EJP M55 workshop.
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Taksle 1 SuMmimary af the & Fcadermic-sponiared multinational RCTS far rare diseases sebocted as wse cases 10 describe operatianal

hurdles
Praject TrialChnicalTrials.gow (NCT) Protocol fresults
HLGa5urfbefect Hydrampchloraguire HOG an Pasdatric interstitial Lung Prospeciies evaluatian of hydrogpohilaguire in pediain:
Dasease L0 (HOCHchILD-ELD intersirial lung dssasss: Study probacal for an rvest gator-
MCTO2815538 inriated, randomzed corenolled, paralelgroup dinical trial [7]
Rancomized cantrolied phase 2 rial of hydrogychlcroguine
in childhoad inkerstitial lung dsease [4]
Bedax & tnal of Dosycydine v Stardard Supparntive Therapy in Prosacal rat published
Mewsty-dizgnosed Cardiac AL Anmploidceds Patieras Undier-
gang Bortemomib-based Therapy
M TR Fd458
ROFROP COral prapranalal for prevention of threshald refincpathy of  Oral propranalol for preveraion of threshold retinopathy of pre-
prematurity (ROFROF) matunty (ROPROPY: proracol of a randomzed contalled wrial [4]
RCTOELA31
ROCK &LS Inkibition af Rho Kinase (ROCK] with faudil as dissase- ROCEAAL S Praiocod fora Randomized, plicebe-cantroded,
madifyirg treatrment for ALS ROCK-ALS) tioubls-bhnd Prass Il rid of safety sl esbibity and efficacy of
RCTOA PRS0 the P kinass [ROCK) inhibitor fsudd inAmyotraphic Latesl
Scleross[14]
TAM DMD Tamwnifen in Duchenne Muscular Chstropby (TAMDMD) Tamumifen in Duchenne muscula dysirophy (TAMDRAT)

HCTUA2E403%

DevelopAKUre Program  Dase respanse shudy of nrsinane nAlkaptanoria (50614

SONIA T 1}
MCTO 824

DevelopAKUre Program  Suitabiley of nitsinone in akaptanoria 2 (50K )
SONIAZ

MCTOT916382

DevelopAKUre Frogram 50615
SOFIA

shudy protacal for a mukicentss, mndamized, plcebo-con-
tralled, double=-Hind phase 3 tral [11]

Suitabilty of ritisinons in akagtanure 1008 17 a0
internatianal, mulbcenter, randocmized, cper-label, no-
treatmeryt cormraled, parallelgrou p, daserespores study 1o
imuestigats the effect af ance daly ritisinons an 24-h unrary
homogenitisic acid ecretion in patients with alkaprorona
after 4 weeks of treatment [12]

Efficacy and safety of ance-daily nitisinone for patients weh
akaptonuna {SOMLA 2): an miematianal, mulbicenter, open-
labs=), randomized corraled trial [13]

Subclirical ocohronasis features in Alapbanoria: & crass-
sectianal study [14]

Coordinating investigators were asked to provide feedback
regarding main obstacles hindering the developrment of the
trials according te the fellowing categories and sub-categories:

1] Study set up

- Swudy design

- Funding and funding mechanism
- Sponsarship

- Drug procurement

- Project management

- Data management

- Vigilance

- Muonitoring

2] Country set up

- Country selection

- Mational Competent Authority (WCA} Ethics Com-
mittee (EC) approval

- Insurance

- GCP requirements

3) Site set ug

- Siie agreemenis
- Site compliance

This categories’ classification is based on main pre-
identified barriers described in previous publications:

- Articles describing systematic basriers, opportunites, and
lessons bearmed in the set-up of scademic-sponsored irtes-
matiomal multi-center clinical trials for rave diseases [15-17]

- Systematic reviews aiming to identify barriers to the
conduct of RCT (Table 2)
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Table 2 Major barriers to the conduct of randornized trials identified by systematic reviews

Mlajor barners to the conduct of randomized triaks
Inadeguates funding
Camaksy'net harmoneed requlatiors
Excessmsiman-faoussd monronrg

Creer-resirictive interpretations of privacy laws withow sviderce af subject

berisfinfLack af tareparsncy
Inadequats understanding of methodology
Inageguats ideraification of the dinical research questions
Inadequats knowledge and urde starding of chnical ressarch
Inadequats knowledge and undestanding of chnical nak
Inadequats infrastructures
Ureuppartie administratie system
Camgeting demands
Dufficuk patient recrarmers

Mlajor barners to the conduct of RCTs in rare discases
Dafficuk 1o recrut patients. dus ta ranity
Incamiph=te understandirg of natianal histary to inform rial design

Meed for tral desigre adapted 1o small papulation size and dinical heteno-

gensty
COrganizatianal chalenges as 2 canseguence from the reed formultne-
tonal randomized chnical nak

Meed for more sensithes cufcames measures ql.ur'l:ﬁ- dissase

Meed for irmohvement of all the stakeholders in the study design and
canducn

Barriers identified by these 7 sources were all compiled.
All listed barriers were asked to be considered for the
“use cases” analysis.

Data were collected from investigatos’s presentalions
during the N353 meeting and the discussions held after
the “use cases” presentations. Presentations were struc-
tured as per the listed categores. Information was struc-
red as shown in Table 3, which was fully reviewed by
all investigators during the manuseripl’s preparation, to
ERLUTE AOCUFEY.

Investigators were also asked to provide feedback
regarding any possible additional barrier not previously
identified.

Results and discussion

Table 3 summarizes the main findings on the analysis
of the 6 RCTs presented and discussed during the 2020
E-Rare3 and E]P RD M55 meetings.

Study set up

Study design

Lack of matural history studies to inform about trial
design, lack of registries and patient reported outcome
measures are some of the possible obstacles o choose
an approgriate study design [3, 17). Patient growps
are very small and heterogeneous and the risk of being

Source

Duley et al {300 [1], Dponsic =t al. (2007 [2], Alemayehu et al (2012 [4)
Duley et al (2003 [1], Dpansic ot al, (2017 [2], Alemayehu et al (2018 [4)
Duley et al {30602 [1], Dpnsic =t al. (2017 [2]

Duley et al {20025 [1], Dpansc =t al. (2017 [2]

Duley et al (= 1]
Djunsic et al {2017 [2]
Djunsic et al {2017 [2]
Djunsic et al {2017 [2]
Djunsic et al {2017 [2), Alemayebu et al (2014) [£]
M emapshu et A (01E) [4]
Memayshu et al. (G018 [4]
M emapshu et A (01E) [4]
Source

Rath et al 2017 [4]

Rath et al (3017 [4]

Rath et al 2017 [4]

Rath et al 2017 [4]

Rath et al {2017 [4]
Rath et al {2017 [4]

underpowered to test efficacy is high. The need to
develop cost-efficient and novel trial designs and analy-
sis to study efficacy in heterogeneous, small populations
has led to the development of specific research pro-
grams funded by the European Commission o work an
these topics [18-20], and the International Rare Diseases
Research Consortiom (IRINRC] has published recom-
mendations for the design of small popuelation clinical
trials [21]. Nevertheless, implementation of novel meth-
odologies might sull be suffering of "methodology aver-
sion” [22] that jecpardizes the regulaters’ acceplance
of useful methads that might not be fully understood
by stakehalders not invelved in its development. As an
attempt b improve the dialogue between academia and
regulators the STARS project [23] aims to resch out to
medicine innovators in academia to bodge the regula-
tory knowledge gap which might prevent the access of
patients to these innovations.

Only one of the eoordinating investigators of the RCTs
anmalyzed i this work reported the study design as an
obatacle. This perception might reflect that this challenge
prevents investigators to opt for innovative trial designs
and/or embark an setting up the tal, even feom apply-
ing for funding. Thus, this topic might have been disre-
garded as a constraint by the investigators invalved in
these studies. It is worth noting that twe of the studies
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Table 3 Major barriess to the conduct of randormized trials for rare diseases iderified by use cases on RCT for diug repuigaesing

STUDY SETUP

Comments/rational

Mdenmtified as a hwrdle (trial) (number of trials]

Snudy design

Funding and funding mechanism

Sponsarship

[rugy procurement

Froject management

Drata management

Vigilance {PY)

Monitoring

COUNTRY SET UR
Country selection

MCAEC approval/regulatory
Imsurance
Good Chinical Practice |GCF) requirements

SITESET UP
Zite agresments

Zite complance

Lack of natural hetory shudiss ta ifam abaut
tnial design

Lack of regitnes valdatsd surmogate curcomes
and patient reparied aubcome measures o
choase an apprapriabed study design

“mall and heterogeneocus patierss groups {nsk of

being underporwered =a test efficacy]

Man-commercia sponsors often face budgetary
probilerns due to lack of public funding oppor-
turitizs and/or paor lesibility of the estemal
funging

Lack of expenence andfar nsufficient inawledge
af academic organ zations AIouUt sporear respan-

sibilries in a multinaticnal ssttirg

Lack of wnakspechc legal suppart
Corsponsarship nat vet possible n Eurape
Terwdening process o select dug supplier
Cusham restrictians

Couning-speafy requiremenis for data on drug
wrabllity

Lack of placsbo suppliers

Lack of expenence in multinatioral taks in legal
affairs departmeeni

Lack of harmonzation amorg counires
Lack of expenence an multinabonal irials friom
selecied data cereers

Lack of harmonizazion among couniries
Lack of expenence an multnatonal trials from
selecied P cerier

Lack of harmonization an manitoring plan
rEqUITETeETis

Scarcity af patients leads 1o large-scale shudies,
12, mukce nter/mulbrationa set-ups

Timingfunespactad deliys

Lack of harmaonizatian

Lack of harmonzation an reqursmeanss, mini-
UM CoYErRge vanes amang EU countries

Lack of harmonization an GCOP taning cantera!
exient

Lack of harmonizazion an sie agreemenss temr
plates even within the same couniry

Couniry-spedfic serminalogyirsepretation (egal

resporaibilities, melectualfndustnial property,
GOPR) ircluded in site comiracts, referenics ta the
natianal legal and regulaory framesork lability
and ireurance), templatss tailared o ndustry
spansored trials, need to align with Consartiumy®
Grant Agreements

Lack of perscrinel espeienced in chrical research

Lack of parscrinel invabved in academic tnak
Persannels turnoesrdus ta tia’s eesnsians

HCCdSurCefeo {158)

ROP ROP, Riedas, Cieve kapd KL re, ROCK-ALS, TRM
DM Ly HODaSrfOefect (658

Feedos, BOCE-ALS, HODMSrfCiefect (258)

Feedos, BOCE-ALS, HODMSrfCiefect (258)

ROP ROF (150

Fat repared

Resdos: (178]

Fat repared

Mat reparied

ROP ROP, ROCK-ALS, TAR DD (3.6

ROCH-ALS £

ROP ROP (150

ROP ROP, Redas, TAM DD, HOGaSurfDetect 4y

Mat reparied

{DevelopAKUre program studies SONIA 1, SONIA 2and  advantage of the several opportunities opened by EMA
SOFIA and TAM DMD trials) looked for scientific advice  and MNational Competent Authorities (NCA) to support
(EMA and/or Mational Competent Authority], taking

investigators in protecol development, with special focus
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on academic and SMEs-initiated trials, rare diseases tri-
als, and trials on drog repurposing. EMA charges a fee
for scientafic advice, which varies depending on the scope
of the advice,

Reductions apply for certain types of medicines and
applicants, induding a 75% fee reduction for medicines
for orphan medicines and a 9% fee reduction for SMEs.
Sines 2020, scademis is eligible for EMA protocol assis-
tance (as 3 special form of scientific advice] free of charge
for the development of orphan medicines. Some national
competent authorities in Europe (for instance AEMPs,
Spain) support informal consultations free of charge for
investigator-initiated trials. More recently, in October
2021, a coordinated pilot program between EMA and
HMA (Heads of Medicines Agencies) has been launched
o support the repurposing of medicines [24]. The aim of
this initiative is to support not-for-profit erganizations
and academia vo gather or generate sufficient evidence
on the use of an established medicine in a new indication
with the view to have this new wse formally authorized by
a pegulatery suthority.

Funding and funding mechanism

While this may be a less pertinent problem for industey-
funded trials, funding has been identified as a main chal-
lenge For all trials (Table 3). In the rave diseases area, the
small patient population can dampen commercial inter-
est, making this challenge more relevant for non-com-
mercial KTC for rare diseases.

Five out of the six studies analyzed in this work were
mainly funded theough the E-Rare-3 [TC2016, based on 4
muiltinational funding scheme by national finding agei-
cles (a “virtual common pot” mechanism, whereby each
national funding body funds the national component of
the trial, with mo cross-border funding), while the Devel-
opAKUre program were granted under 3 centeal EU
[l.l.l!dlﬂﬂ mechanism.

Some trials were funded through additional sources.
HOOQsurfdefect trial was supported by theee different
funding schemes, in part consecutively, in part in paral-
lel in full mutual recognition of the funders. For ROCK-
ALS, investigators collected more than 100,00 EUR of
donations to reimburse participants for travel to and
from the trial site as well as for hotel costs. TAM DMD
was supported also for two patients” associations and the
DevelopAkUre program got both European (FP7) and
national (NHE) funding.

Restrictions on the wse of national funds for cross-
cutting services and tendering rules were identified as
important herdles. Investigators funded through the
multinational fending scheme agreed on the need of 2
funding scheme that allows for a mechanism (a real com-
man pot, of a co-funding from the EU central budget,
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or any other funding source nob restricted o a single
country] to account for crosscuiting activitles and to
allow Aexibility i the budget allocation, reducing the
administeative consteaints of working with country-
specific budgets. This administrative burden, the lack of
flexibility to move teansnationally funds, upper limits in
the amount, and the duration of the funding hinder trial
management, which often requires fast and frequent
adagtation to changes in the recruitment rates, changes
on exchange rates, different value added taxes (VATs),
and other reasons oul beyond control of investigators.
This will have to be taken into consideration in the design
of the ERAMHEALTH partnership, where a pillar will be
dedicated to the funding (with an EU cofund} of multina-
tional investigator-initiated elinical studies. Even though
some sponsors underestimate the budget, in reality, many
cosl ilerms may be impossible to foresee in advance. Poor
awareness of Good Clinical Practice (GCP] require-
ments may lead sponsors to reguest insufficient financial
resoarces from the funding agency, but in other cases,
the budget awarded by the funding ageney is much lower
than the initially requested one and may be insufficient to
meet all the cost required for full GCP compliance, Le,
adequate external monitering or data management set
up. Another cause for underestimation of the budget by
a sponsor may also be the perception that a lower budget
would decrease the likelihood of rejection. “Inadequate
funding” was already identified as a barrder by several
systemnatic reviews, but these sources referved mainly to
the total cost estimation and did not specifically point
out the khck of fexibility of the "funding mechaniam”
linked Lo public funding as a key obatacke.

Sponsorship

For non-industry sponsored trals, the sponsor B uso-
ally the institution to which the investigator is affiliated,
a research foundation, andior patients organization.
Some of these academic/public institutions have previ-
ows experience and specific personnel 1o work as Spon-
sor's representatives, but in other cases, the coordinating
investigator assumes the sponsor’s sole.

Three out of the six studies reported challenges linked
to sponsor’s responsibilities: insufficient legal support
from academic institutions acting as sponsors {Redox),
no posaible co-sponsorship (ROCK-ALS), and insuf-
fickent experience in gquality assurance requirements
(HCOMSurDelect] were identified as major hurdles.

For academic sponsored trials, generally one agency
{or more in the case of the E-Rare funding scheme, which
supported fve of the six analyeed studies) provides the
funding and another organmzation (usually the one that
hests the coordinating investigator) designs and con-
duct the trial in collaboration with research partners.
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The set-up of a complex multi-institutional partnership
may sometimes be at odds with the concept of “sliagle
sponsor” which was developed for ensuring the protec-
tion of participants in the context of commercial trials.
Indeed, single sponsorship is rooted i the need to clearly
wdentify the legal responsibility and does not hinge upon
the funding aspect. The ambiguity between the terms
“lundes” and "sponio:” [25] might conteibute to the poor
awareness of some inexperienced sponsors, especially
i the non-commercial sector, of the scope of their own
responsibilities. The legal sponsor 15 ultimately responsi-
bl for the scientific, ethical, regulatory, and legal aspects
of the trial and alse for the financial aspects (Le., il an
external funder withdraws, the sponsor will be responsi-
ble to look for funds to complete the teial). It is therefore
its primary role and responsibility to ensuve that suffi-
clent resources are planned for full compliance with ethi-
cal and GCP requirements,

Interestingly, none of the previous syslemalic reviews
had identified aspects linked to sponsorship as a main
challenge, probably due to the fact that these reviews
did ot make a distinction between academic and indus-
try sponsered trials. According (o the provisions of the
536/2004 Clinkeal Teial Regulation, co-sponsoeship should
b an option to fcilitate the sharing of tasks and respon-
sibilities in multisational investigatos-initkated telals

Dviig procurement

Drug procurement is generally perceived as a huedle
our out of six investigatoss reported it as o challesge)
due to (a) the lack of harmonization among countries an
the requirements for Quality assurance, Le, stability of
the drug after re-conditioning, re-formulation, (b) need
for a tendering process, and (e} the high cost of drug dis-
tribution. The ROPROP and the HOO4SurDel studies
were both requested to present additional stability data
for repurposed drugs only in some countries. Redoxs
trial coordinator perceived the tendering process as espe-
cially cumbersome, and the ROCK-ALS coordinator
described as a special challenge the procedure to import
the drug from a non-European country.

A recent meta-research study [26] describes a series of
challenges in obtaining placebo for investigator-initiated
drug teials, including the high cost for production and pack-
aging and the unwillingness of manufactures to provide pla-
cebos for RCTs without previous assessment and approval
of protocels [27]. Five of the six trials analyzed in this work
were plicebo-controlled. Two of them received placebo
from the drug manufacturer, while for the other three, a
heapital pharmacy was ivolved in the manufeciuring and
distribution. Cme ivestigator reported unwillingness/una-
vallability of the manufacturer to provide the stedy drug,
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Praject management

As reflected by the many aspects linked to the lack of har-
mcmnization among countries desceibed in this and previ-
oud works, management of multinational trials requires
experienced academic clinical trial units (CTUsk In
many cases, CTUs, publicy funded at national level to
support in-house vestigators, have limited experience
supporting multi-cowntsy studies. Tndeed, differetaal
globalization of industry and non-industry sponsored
trials has been reported [5] as academic-sponsored trals
are mainly conducted in a single country.

Investigators relied in both local academie clinieal trial
units/research wnits (four out of six studies) and CROs
(twier gl of six studies) for global project management.
Only one cordinating  investigator reported  project
manageinent a5 a challenge linked to the limited previous
experience of the CTU on multinational management.
Fortunately, the reported increase in the number of aca-
demic-sponsored trials over the last vears [5] should lead
Lo an improvement on the mvestment to promote the
important role of academic clinical trial units and inter-
national research infrastructures (ref wwweecrinorg) on
internaticnal clinical trials management.

Dt managenment

Managed by both CTUs and CROS for the analyzed
RCTs, only one of the teial coordinators reported data
maiagernent a8 & makin huedle. This might reflect dpon-
sor's awareness on the need to maintain a good qualicy
control systein, s data management was identified as one
of the top eritical GCP Andings [28] during EMA inspec-
tions. Moat of the critical findings are related to nsuffi-
cient quality control fe.g., edit checks) performed on the
data capiured in the database considering that velevant
inconsistencies i the data were not recognized and not
followed up.

Vigilance and monitaring

Pharmacovigilance and monitoring was generally not per-
ceived as a hurdle. Only one trial's coondinator described
the lack of experience of the initially selected CTU to per-
form pharmacovigilance at multinational level.

Country set up

Country sefection

Country selection was not perceived as a hurdle as
such, but some investigators pointed owt that the
funding scheme might favor the selection of partici-
pating countries based on the funding rules (specially
for co-fund programs] instead of being driven by a
feasibility analysis of adequate country sites, investi-
gators, and patients.
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NCAEC

Tirning and lack of harmonization is generally perceived
as 4 major hurdle. The Voluntary Harmonization Proce-
dure [VHP) was concelved to harmonize and coordinate
procedures and to streamline the review process of com-
petent awthority applications for multi-center/multina-
tiomal clinical trials, while the implementation of the 2004
CTR (Clinical Teials Regulation) [29] was delayed. How-
ever, there is no legal obligation for the EU countries to
take part in this process. [nvestigators were inferrogated
about the wie of VHE for regulatory submission. Interest-
ingly, none of the studies applied for approval through
VHE Moreover, two studies reported having withdrawn
VHP as it was perceived as more tme consuming and
less flexible that single country-per-country applica-
tions even though the procedure has received increasing
acceptance since its introduction in 20089 [30]. Published
sponsor's experience on the use of VHP is scarce, and
while the first commercial sponsor to use VHP reported
a positive experence [31], others did not report special
benefit over the wse of multiple national applications [32]

Mrsurance coverage

Insurance or indemnity to cover the liability of the inves-
tigator amd sponsor must be secured before the study
commences. The "obligatory insurance” was introduced
in Europe with the implementation of Directive 2001 /200
EC. This insurance was meant to cover the sponsor in
case of liability for injury or death to participants and
the terms depend on the individual risk and number of
patients. In the USA, institutions are usaally covered by
their institution lability insurance. Cost and discord-
ant requirements for insurance and indemnification in
Europe has been previously reported to challenge the
RCT set up at cowitey level [15, 16] leading to secom-
mendations (o better inform investigators and sponsors
about the rational for the requirements in each country
[33]. Interestingly, with the 2014 Clinical Trials Regula-
ton [29], natienal indemnpification i not applicable to
low-intervention clinical trials. While this might favor
especially implementation of academic-sponsored RTC
o drug repurposing, the definition of "low-intervention
trial” still requires a determination as to which trials pose
“mintmal additional risk or burden” For now, the term
seems open to interpretation, which might hinder the
financial benefit of “nsurance exemption”

Iinsurance handling was nevertheless not perceived
as o hurdle. E-Rare-3 funded studies planned insurance
handling as a national coordinator’s responsibality, Facili-
tating country-specific contracting and preventing the
apainsor from having to deal with not-havmonized cules
in terms of coverage requirements.
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Good clinical practice (GCP) training

Crne study highlighted lack of harmonization on require-
ments/content of GCP training. While European Clini-
cal Trials legishtion requires all clinical trials being
conducted in accordance with the principles of GCP, per-
sonnel GOP training is reguired to get the study approved
andfor initiated inall countries. Mevertheless, the content
and extent of GCP training, the site personnel requiring
the training, and the requirements to obtain GCP cerufi-
cates are not harmonized, varying from country te coun-
try [34). Indeed, while most commercial sponsors have
develoged sponsor-specific GOP training based on indus-
try-agreed standards (Transcelerate mutual recognition)
[35], ethics committees might require and/or recommend
for both commercial and academic trials, specific traming
adapted to local specificities and in local language.

Site set up
Site agreements

Generally perceived as a hurdle linked to multiple aspects
s

« Lack of harmonization on site agreement templates,
even within the sarme country

« Country-specific terminology and interpretation of
legal responzibilines, intellectual/industrial property,
GDPR (General Data Protection Regulation)

+  Reference to the national legal and regulatory frame-
work (lability and insurance)

«  Cost varkability (applicable taxes/overheads)

«  Translatbons

« Ternplates tailored to industry-sponsored trials, not
aligned with Consortium and Grant Agreements
linked to publicly funded studies

Site agreement management challenges especially aca-
demic sponsors legal departments due to the lack of
experienced personnel and/or limited resources.

Four out the six trials highlighted site contracting as a
main operational constraint. Local site agreements often
create the greatest time delay, and pragmatic, sensible
legal, and adminsstrative solutions are vequired. In this
sense, the development of a pan-European site agree-
ment template has been proposed [32]. Acceptance of
this template by implementing site/institutions could be
an eligibility eriterion for publicly funded ‘multinational
trials in the ELL

Site compliance
Many academic researchers at academic instibutions
struggle with short-term employment contracts and the
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presire o publish rapidly. Engagerment in loag-tecm
atrategic clinical research might be considered as coun-
terproductive for the individual clinician because results
might remain unpublishable for many years. Lack of
personnel to work in academic-sponsored trials was not
considered a hurdle for the analyzed wse cases,

Conclusions

Multinational clisical tials e diug repurpodling in race
diseases are mostly initiated by academiaz [6], bul spon-
sois and investigators leading these tials face a wade caiyge
of challenges than hinder patient’s access to drugs. Main
huirdles ape more operational than seientific, ranging from
regelatory submission o site contracting. Sponsorship
sequarements as well as “funding mechaniam” have Bot
Breen pointed out before as an important challenge for aca-
deitia. Limited funding had been previously described as
an obstache but it i actually the public funding mechanism,
without ceeas-basder budget flexability, more than the total
amunt, what is perceived as an important hurdle. There are
a imaiin clinscal trials’ scademic-spoisor sdvocacy groups
i Europe amd academy have very litte presence in clinical
trials’ European forums, which has led to the development
of regulations and guidelines that might suit better pharma-
cetical industivi needs. A better knowledge of the non-
comumercial clinical research landscage and its challenges
and requirerments is needed to achieve RD academic clini-
cal research’s main goal, which 12 making drugs—especially
thase with less comimercial gain—sccessible to rave diseases
patients. Better infrmation aboul existing resources like
sesearch infrastructures, clinical pesearch programs, amd
counseling mechaniims is needed to support and guide cli-
nickans through the many challenges associated to the set-
ug of academic-sponsored multinational trials.
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7.4 Annex 4

Rychli¢kova, J., Cechova, Z., Nagy, V. et al.
Enhancing pragmatic competence in investigator-initiated clinical trials: structure and eval-
uation of the CONSCIOUS Il training programme. BMC Med Educ 25, 502 (2025).
https://doi.org/10.1186/s12909-025-07054-5

Summary

Purpose:
The aim of this study was to develop and evaluate a structured educational programme
(CONSCIOUS II) designed to enhance the competencies required for conducting high-qual-
ity investigator-initiated clinical trials (I1CTs). The study addresses a significant gap in clin-
ical research education, particularly for PhD students and early-career researchers who often
lack formal, practice-oriented training in trial methodology and management.

Methodology:
The programme was developed as a multidisciplinary, competency-based curriculum con-
sisting of 12 core modules covering key aspects of clinical trials, including design, method-
ology, regulatory affairs, pharmacovigilance, and leadership. It employed a blended learning
design, combining asynchronous e-learning materials with a structured international pilot
course and interactive sessions; the programme was subsequently evaluated using partici-
pant questionnaires and external expert assessment of the educational materials.

Results:
The study resulted in a comprehensive and freely accessible curriculum, supported by an
online platform that enables dissemination and adaptation across institutions. Evaluation
outcomes demonstrated consistently positive feedback from participants and stakeholders,
indicating improved understanding of clinical trial processes, enhanced practical skills, and
high perceived relevance of the training content.

Conclusion:
The CONSCIOQUS Il programme effectively addresses the educational gap in training future
clinical trialists by providing a scalable, interdisciplinary, and practice-oriented learning
model. Its implementation has the potential to improve the quality, feasibility, and overall
impact of NCCTs by strengthening investigator competence and supporting the develop-
ment of skilled research teams.
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Enhancing pragmatic competence

in investigator-initiated clinical trials: structure
and evaluation of the CONSCIOUS Il training
programme

Jitka Rychligkova' (3, Zora Cechova' (3, Viktoria Magy®, Katefing Nebeska®®, Lenka Soutkova' D,
Stéphane Mouly®, Gabor Laszlo Kovacs™®, Christine Kubiak”®, Eva Takacs®, Tiago H. Moreira de Oliveira®®,
Marco Painho™®, Emilia C. Monteiro™®, Sara Maia''®, Joana Batuca™® and Frances Shiely®

Abstract

and evaluate participants' perceptions and feedback after completion of the training.

Methods The curriculum was developed according to key principles that underpin building of competancies
relevant to quality IITs and transdisciplinany skills. A multidisciplinary team created the curriculum, elaborated a
comprehensive set of study materials, including the training platform. This team also conducted an international,

of the pilot course, were extarnally evaluated.

was uniformly positive across all survey aspects.
Conclusion This remaote programme which combines asynchronous and synchronous compaonents with

Introduction Irvestigator-initiated trials (IITs) bridge the gap between applied clinical research and everyday clinical
practice. However, they reguire the skilled multidisciplinary teams from different backarounds but all with clinical trizl
training to ensure trials are designed, conducted and reported according to best practice and requlatory standards.
The availzbility of trainings to fulfil these neads is limited. The CONSCIOUS Il project facilitated to expand the supply of
such programmes. The objectiva is to describe the curriculum designed for PhD students and early-career researchers,

collabarative pilot course. The effectiveness of the educational materials for the target audience was assessed through
questionnaires administered after the pilot course. Additionally, all learning materials, including the video recordings

Results A 12-chapter thoroughly revised curriculum was developed for asynchronous preparation and served as a
pre-class reading for a 3-month pilot course. The chapters, along with supplementary materials, and recordings of the
pilot course are freely accessible on the CONSCIOUS Il training platform. This platform facilitates the dissemination and
implementation in the existing curricula. The feedback from both the pilot course participants and the stakeholders

international and interprofessional callaboration effectively addresses the gap in developing core competencies for
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the 21 st -century clinical researchers. The implementation of this curricuslum has the potential to improwve the guality

af s

Keywords Investigator-initiated trials, Curriculum, Earby-career researchers, Practice-ariented

Introduction

Investigator-initiated trials (I Ts) are essential for patbent-
centered research, bridging the knowledge gap between
clinical trials and real-world scenarios [1-4]. These
studies, typically driven by clinical practice or academia
intevest, address the challenges and needs of everyday
practice, often focusing on underserved populations or
therapeutic specific areas. In a wider context, [1Ts con-
tribute significantly to improving clinical practices. Their
value lies in providing unbiased evaluations free [rom
commercial iterests, which helps in developing accurate
clinical guidelines, formulating pepulation-specific poli-
cies and repurposing existing drugs [1-4). This approach
enables the adoption of impartial and sustainable health
policies, offering both divect and indirect benefits to
patients and enhance the efficiency of the healthcare gys-
term. However, for such medical research, it is necessary
o educate the trial leaders of the future [3]. 1n 1Ts, the
role of the principal investigator (PI) extends beyond ori-
entation in the feld and critical evaluation of available lit-
erature o design quality trials. They typically assume the
role of the sponsor and take responsibility for the coordi-
nation amd management of the entive study theough their
parent ofganization [5).

Education in clinical research is not systematic com-
pared to medical education and often relies on the
mentor-mentee relationship or experience gained as a
sub-investigator |4, 6-E]. Unfortunately, mentoring in
IITs is constrained by dramatic changes in the clinical
trial landscape, regulatory framework, and ever-evolving
quality demands. Repetitive, one-size-fits-all training like
the GCP certificate, a standard mandatory qualification
requirement for Pls and any staff of the team in a clini-
cal trial, is often perceived as a necessity with Lintle added
value due to its generality and didacticiam [7]. These i 4
general consensus on the kdeal direction for developing
clincal investigator training: it should be adividualized
and flexible, based on real-world applications of GCP
guidelines and real-world problems. Training should
take into account the diverse experiences of participants
and focus on building practical skills, including non-
traditional training modalivies [3, 7, 9, 10]. At the same
time, it is important o reflect that for many investiga-
tors, research is somewhat secondary to their own clini-
cal work, and therefore, the goal should be to maximize
the content-, time-, and cost-effectiveness of training
[9]. The format of the training is also important, espe-
clally with inbovative approaches [e.g., learnling by deing,

peer-to-peer training) significantly enhancing training
elfectiveness [7].

The COMNSCIOUS II project Facilitabes a practice-
oriented, and pragmatic learning  program  applyving
innovative teaching methods to the widest possible
academic and non-academic stakeholders community.
The curriculum provides support for designing, smple-
menting, conducting, mamaging and repocting UTs. A
broad consortium of pariners with extensive expertise
in ITs management, clinical research methodology and
ITs design, data science, clinical phasmacology, teach-
ing, and research in medical education formulated the
COMNSCIOUS [ curriculum. This dynamic set of skills
enabled the creation of a unigue currbeulum in terms of
content and format. The objective of this paper was ta {1}
describe the developed corriculum, (2) summarize par-
ticipants perceptions after completion, and (3) review
stakeholders” feedback.

Methods

Curriculum design

The development of the CONSCIOUS Il currculum
began with the conceptualization of key pranciples and
ideas based on the project objectives and the target pop-
ulation. This included a careful selection of chapter top-
ies focused on building general competencies applicable
to all dinical trials, specific types of clinical trials, and
transdisciplinary skills. The prmary target population
includes PhId students, early-career researchers as poten-
tial IITs Pls or members of project or study teams, as well
as teachers and lecturers. At fiest, an outline was cre-
ated for each chapter with an executive summary, alms,
learning outeomes, and complementarity of the new
materials with those alveady available from the previous
COMNSCIOUS project [11]. These outlines now accom-
pany each chapter, providing a dear framework and
context. The second step was to define the structure of
each chapter: core content, additional fadvanced content
(explanatery, expanding information, providing further
context), and the activities [exercizes, case reports, dis-
cussion boards, guizzes to practice theoretical knowledge
or skills). The third step focused on the teaching methods
implemented in the chapters, the requirements for the
training platform to support interactivity and commu-
nication between participants, and the techniques used
in the pilet course. The next step was implementing the
graphic design, induding promotional materials {leal-
lets and interview videos with the primary authoss). In
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addition, the individual chapters and video-recordings of
the pilot lessons are licensed under CC-BY-5A 4.0.

All materials underwent multiple revisions. The frst
outputs were outlines. The outlines were first discussed
within the consortivm. A revised version was submitted
to European Clinical Research Infrastructure Metwork
(ECRIN) experts for review [12]). Based on the com-
ments, the first official version of each chapter outline
was isaued. The chapter was then prepared according to
this proposal. [t went theough the same review proce-
dure. Onece the chapter was completed, the outline was
madified where necessary. This revised material served
as training materal for the participants of the palot
course. After the pilot course, the chapters and outlines
were again revised and aligned.

An educational plathorm was created to consolidate all
materials in one place, enhance the digital competencies
of the target population, and facilitate the implementa-
tion of the curriculwm into existing programs. Moresver,
such a platform preserves the interactivity of the content,
allows interaction between participants with each other
or between lecturers and participants {discussion boards)
regardless of their geographical bocation.

The pilot course

The pilot course was designed as an international, inter-
disciplinary, and collaborative course. The course was
intended as a flipped dassroom where participants were
required to independently review the core content of the
relevant chapter and complete the exercises in the week
preceding the sessson. This independent preparation was
Tollowed by an online lesson, led by the chaptecs primary
author. Each online lesson was recorded and an edited
version— excluding parts of the teamwork in breakout
roons, time for technical problem solving— Becamse a
praject outpul, serving both learning material, and a
teachers guide. The participants obtained a certificate
upon fulfilling the conditions of attending more than 604%
of lesaoms and being present maore than 6% of the overall
time of the lesson.

Curriculum evaluation, stakeholders’ feedback

The curriculum evaluation took place at two levels—
feedback From participants of the pilot course (ie., the
target population) and feedback from stakeholders (Le.,
the knowledgeable population— experienced dinical tri-
alist, university teachers guaranteeing subjects on drug
development and clinical research, UTs project manag-
ers, mational agencies; clinical research organizations]
and ECRIN representatives; nobody was involved in
preparation of the curriculum]. An online question-
naire consisiing of 32 and 20 gquestions, respectively, was
developed for both growps. The paticipant questionnaice
was divided into five sections— (1] Participant Prodile,
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(2} General Satisfaction, (3) Platform, (4) Pilot Teaching,
and (5) Course Improvement; the stakeholder question-
naire was similar but modified in the first {Stakeholder
Prafile] and fourth sections [Pilot Teaching Records). A
five-point Likert-type scale was used for the guestions
in Sects. 2, 3, and 4 (with range: 1 as “sirongly disagree”
to 5 “strongly agree”). Two guestions were open-ended.
The guestionnaire was distributed to the pilot course
participants immediately after the course, followed by
two reminders and a total of 8 weeks to complete it
The stakeholders recieved the guestionnaive approx. 3
maonths later, after all materials and pilot lessons record-
ings had been completed and uploaded o the tran-
ing platform, with one-follow-up reminder issued. As a
result, participants’ feedback covered both asynchronous
and synchronows components of the curriculum, while
stakeholders” feedback reflected all asynchronows parts,
Le. including video-recordings of synchronous sessions.

Another type of feedback was obtained during three
face-to-face dissemination meetings [13-15]. 1n these
meetings, participants were given a general overview of
the project and the currbculum. They were then asked
to share their views via a gquestionnaire on the extent to
which a similarly focused curriculum was available or
eatablished at their institution, its need, and the appro-
priateness of the chosen topics and format. The answers
are scored on oa five-point Likert-type scale, with 1 as
“strongly disagree” to 5 as “strongly agree”

Results

The curriculum consists of 12 multiply revised chap-
ters divided into three thematic clusters, encompassing
approximately 70 h of individual training (see Table 1
for details). The learning materials for the asynchmo-
nous work are hoated on the Moodle leacning platform
(version 3.0) and arve also available in a printable format
on the project websites [www.conscious2en) [16]. The
platform is freely accessible, protected by credentials
provided upon request by the CONSCIOUS 11 project
contact persons. The chapters are visibly structured in
core content, additional/advanced content (highligthed
15} }'EHW baxes), and activities {interactive elements in
the training platform and bBlue boxes in the printable ver-
sion). Each chapier is part of a comprehensive package of
materials on the topic that includes: the chapter, the out-
liske, an interview video with the primary awthor, a wideo-
recording from the pilot course session. These packages
are available on both the training platform and the proj-
ect websites (here, except for the video-recordings from
the pilot course]. To help navigate the curriculum, learn-
ing materials, and organization of the pilot lesson, an
introductory session preceded the pilot course and was
published on the platform.
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Table 1 Curiculum structure and time dlacation
Thematic duster -l.'.h.lpllr Time required to Dnrn[!l‘l.:ulhl-:h.lpllr|ln.l1nurs:| Dura-
Core contert Additionaly  Activities’ practi- ton af
advanced call eneroises the paat
content lessan
recoading
dim howrsh
Ceneral competenoes -l_-lr'll.'ﬂlT'I!l Cesign .Jl.'l ..'-u ;'.Ib E 5
Trial Methadology Aesearch (K1) 15 275 15
Trial Managemens 10 15 as 14
Cuaality ared Regulatory Affars W] a3 125 1.2
Phamnacoragilance and Stugy Medication 12 a3 14 14
Data Managemers and Statistical Arakysis 1o a5 15
Spacific types af frals Early Phass Trials ] 12 azr 13
Pediatnc Clirical Tnaks 1o a5 14 1.4
Chnical Bvaluation ard Clinical Investigation 1% as 15 o4
of Medical Cevices
Transdisciplinary skils Leadership far 215t -Cenbury Tnaksts 40 24 a5
Soentific Communication 10 15 as 15
Training the Trainers. of the 21 st Centurny 0 15 as 1
Average hms required per chapesr part 18 EE] as 13
Toal tims required ba complete thes chaptsr part 220 5 1wy 129
Time required ta complete all the curiculum matenak

Table 2 Structure of registerad participants accanding 1o

Countries
Country

Crech Bepublic
Irelznd

PFortugal
United Kingdom
putside Europe®
Fetherdands
Hurgary
Slowakia

Serbia

Belgium

Spain

Greeoe

Itaky

n 5
[T ErT
] 144
] 14
2 41
8 ER
a 15

TORT
(X

2
1 g
1
1

1 [T

* Angola, Brazd, Kerya, Malaysia, Par, Suuth Alrica, Tawan, LSA

Table B Structure of registered participants acoondirg 1o the

position ol ) )
Pasition/role n L]
PhDD studiern 1 FTE]
Earty-career researchsr L] nE
Chnical tnal pasitian® L] Pl
Teacher/lecturer/supervear 15 -]
Undergraduate studert 4 15
Citheer i

* Propot Masager Data Marager, Prmma-c{;-.-ignm Spaicialist,

Py

Riiiar ch Asbeciate, Invistgatarn, Sudy Coondinater

ghl

Clinezal

The pilot course ran from January to April 2004 com-
prising 12 sessions that corresponded with the 12 chap-
ters, each approximately 90 min long, held at weekly
intervals. A tedal of 258 participants registered for the
pibot course (see Table 2 for geographic distribution and
Table 3 for the distribution according to the main posi-
tion/role). Adherence to the Mipped classroom format is
summarized in Table 51 (see Supplementary materials).
During the pilot course kessons, hands-on activities were
implemented in breakout rooms, polls, and guiz ques-
tions with subsequent discussion, and moderated inter-
views with experts as activating didactic approaches. In
total, 108 certificates were issued to participants whao met
the attendance and participation criteria.

Forty-eight of the 108 certified pilot cowrse participants
(#44%) provided the feedback [Table 52 and Table 53
provide details en their structure according te nation-
ality, current level of studies and experience in clini-
cal trials before the course). They expressed consistent
satisfaction with the course {mean score 440 out of 5),
ranked the skills acquired as applicable to their profes-
shnal practice (mean score 4.25 out of 5), and found the
content as easy to understand (mean score 4.27 out of 5).
The chapters on Clinical Trial Design, Trial Management,
and Leadership for 215t -Century Trialists were rated as
the most interesting. Conversely, the chapters on Quality
and Regulatory Affaies, Dats Management and Statistical
Analysis, Clinical Evaluation and Clinical Investigation of
Medical Devices were identibed as the maost challenging
to understand. The lowest average rating (3.69 out of 5)
was for the adequacy of the tme required to complete
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all platform materials. Participants also strongly agreed
that the pilot course helped them to understand the topic
better than the pre-class reading alone [4.50/5). Further
details from the participant feedback ave in Figure 51 (see
Supplementary materials].

The curriculum achieved similar ratings in the knowl-
edgeable stabeholder population: overall satisfaction
(4.33/5), the expected applicability of skills to profes-
sional practice [4.83/5], and the understandability of
content (4.50/5). A better rating was achieved in the tme
estimate for completing all platform matersals (4.50/5).
Stakeholders suggested a more unified approach to each
lesson of the pilet course and the structuring of activi-
ties from the familiar to the new and application within
breakout rooms, hand in hand with the assignment of 2
group leader. The stakeholders strongly agreed that the
pilot course improved their understanding of the topics
better than pre-class reading alone (4.17/5) and antici-
pated the same for the participants [(e7(5).

Thirty-three people completed the survey as part of
multiplier events, 81.8% working at a higher education
mstitution (HELS). Ten individuals (30.3%]) reported that
their institution had o multi-year clinical teialist program
i place for more than 2 years, and 12 [36.3%) partici-
pants’ institutions have o multi-week or semester course
of the same focus. Sixteen (48.4%) respondents do not
have a similar course at their institutions. Respondents
agreed on the need for such a curriculum {mean 4.27/5).
There was also agreement on the choice of topics, for-
mat, and willingness to implement the materials in their
teaching (4.3%/5, 4.18/5, and 4.09/5, respectively). Fur-
themore, there was also agreement on whether teachers
could benefit from the curciculum (4.64/5).

Discussion

Training future researchers in clinical research is a burn-
ing issue, especially in the context of UTs and patient-
centered research. A plethora of training courses was
identified eadber that vary in terms of target group, over-
all scope, required background knowledge, and the exper-
tige of the trainers [4, 5-10]. However, Boeynaems et al,
conclude that these cowrses tend o be local, spontane-
ous, and often reactive activities [10]. The CONSCIOUS
Il training program primarily targets PhD> students and
early career researchers, Le., less experienced researchers
terday but potential Pls of the future. As the vesults of our
survey show, the availability of courses building skills in
designing and conducting clinical teials, as well as inter-
disciplinary curricula, s lmited. In our small sample,
almoat 50% of HEls did not offer even short-term train-
iig. Fortunately, the situstion is binproving as at least the
CONSCIOUS I consortiuim partners have already imple-
mented the cureiculum in postgraduate programmes and
microcredentials.
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Bechtel et al. suggest that, unlike experienced investi-
gators, these less experienced trialists may benefit from
mare comprehensive, lime-intensive types of training
[7]. Markman et al. and Boeynames et al. also empha-
size the time demands since academic research is usually
secondary to the primary clinical activities [B, 10]. This
is also teue for the target audience of this talting pro-
geamn. A flipped classsoom format was thus chosen for
the curriculum, where synchronous online sessions are
preceded by individual, time-flexible asynchronous prep-
aration. The combination of asynchronous and synchro-
nous components s alio advantageous in the context of
achieving learning outcomes— while the individual work
is a tansferr of knowledge through self-paced learn-
ing. is more didactic bul encourages deeper exploration
and independent problem solving, the synchronous part
focuses on practice, building skills, and 5 essential to
reduce misconceptions and refine understanding through
direct communication with and insight fvom the teacher
and peers. Despite this arrangement, the time estimate
for completing the pre-class matedals ranked lowest in
the feedback (3.69/5). This might be explained by a com-
binatien of the high time densaty of the course, the incon-
sistent anticipated length of preparation for each lesson,
and, in some cases, being too demanding for the target
group. The value of the synchronous part was confiemed
by the feedback of both the participants in the pilot
course and knowledgeable stakeholders, who strongly
agreed that the pilot course helped them to under-
staid the topic better than the pre-cass readiing alone.
The participants were awarded certificates upon course
completion. However, the certificate was not contingent
on creating and submitting elaborated case studies or
practical exercises. Participants did contribute to case
studies, by making a short submission in advance of the
synchronous session which resulted in a discussion point
(bearning by deing) vather than inal evaluation and cer-
tification criteria. Similarly, the course did not conclude
with a final test. This is a limitation becavuse the entive
evaluation of the course relies on subjpective feedback
rather than an objective assessment or a pre- and post-
COLUFSE COMparison.

The curriculum has several advantages, including a
low entry threshold with ne prevequisites such as prior
clinical research experience or initial level of knowledge.
While the lack of validation of initial knowledge, such
as in the pilot course, might contribute to the high rat-
ings of content clarity, this aligns with the target group
of less-experienced PhD  students and  early-career
researchers. For this group, it can be expected that the
vartability of knowledge will not be as high as for experi-
enced researchers, for whomm the CONSCLOUS 1 course
would probably take on the character of a one-size-fits-
all teaining course. Notably, the cerriculum emphasizes
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snfermation-seeking skills, offers guidance on where to
go for consultation, and presents practical tools. This
contributes to the curriculum degree of sustainability,
even though it covers the highly variable area of clinical
trials. ECRIM is an associate partner of the project, and
mast of the curriculum content authors are associated
with ECRIN. This provides students with valuable con-
tacts on whom to vefer to if they become [[Ts Pls possibly.

A wide range of experts contributed to the cursseulum,
mcluding project managers, monitors, data managers,
regulatory specialists, clinical research methodologists,
teachers, and researchers in medical education. This
breadth of expertise differentiates the curriculum from
purely academic courses, which may lack real-world con-
text. However, all the partners working on the curmcslum
are based in the European region and work with Edre-
pean legislation datly. This partly limits the transferability
of the curriculum to other areas with different regulatory
framewarks for clinical research but owr funder was the
EL and this was the reason for this fecus, However, the
materials are available to any country i the world where
they may add country and regional specific examples to
the existing foundation materials.

Transferability was one of the primary considerations
in designing the curriculum, conssstent with one of the
key principles articulated by Clinical Trials Transforima-
tion [nitiative (CTTL) for improving the quality, conduct
and efficiency of clinical trials: the Pl must be supported
by an effective study team and infrastructoure [7]. All cur-
riculum materials are feely available on the training plat-
foren, ensuring accessibility and inteclinking with existing
curricula. Since the pilot sessions wsually wsed pre-class
matertals, the video-recordings can serve as a teachers
guide. This mitigates any limitations arising from the
local trainer’s experience and supports the wide imple-
mentation of the curmculum, The second idea stem-
ming from the principle cited above is interdisciplinary
collaboration. The training platform itsell supports this
through discussion beards connecting all platform users.
It was also supported by the wide dissemination and
inclusiveness of the pilot course, with PhD students and
early career researchers making up 67.1% and experi-
enced clinical trialists almost 21% of the attendees. O
the other hand, not all professionals involved in clinical
research need to acquire the same level of competence in
elinical trial performance, and this curriculum primarily
focuses on potential Pls [10]. The curriculum, or parts of
it, can be used as supplementary material for blomedi-
cal siudents, lifelong education, or training programs
for patient organizations. It can alio serve as a basis for
brosder courses or degree programmes. The license
wied, the focus on providing guidance rather than bave
facts, the platform supporting adaptability and transfer-
ability, the automatic assessments, and the availability
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of teacher's guides suppoit redwse in areas such as thodse
mentioned above.

The curriculum developed within the CONSCIOUS 1L
project follows previously proposed recommendations
for future investigator training [3, 7, 10]. It has the poten-
tial to fll & gap i the education of clinical teialists, epe-
cially Pls, and thus support the development of quality
patient-centered research focused on underserved thera-
peutic areas and populations, as well as real-world issues.

Conclusion

The COMSCIOUS I project aims to support quality
patient-centered research by developing a training pro-
geam for the Pls of the future. The pragmatic curriculum
reflects the previously proposed recommendations for
the clinical teialists” education programs, flls the exasting
gap in this area, and extends the range of voluntary train-
ing activitses individualized for early-career researchers
and PhIy students. The subjective perception of the cur-
riculum of both the graduates and the knowledgeable
atakeholders 8 more than positive regarding the content,
format, and applicability to clinical trial practice. How-
ever, only an objectively measurable change in the Pls
skills will demonstrate the actual value of the developed
curriculum,

Abbreviations

cm Chirical Triaks Trarefomnatian Initiative

ECRN  European Oinical Rescasch infrastruciune Metwark
HEls Highset Bducation metibLtors

s Inteestigatar-inkned tiak
P Prircipal inwestigatar
Supplementary Information

Theanline wersian cantan s supplementany matendl avalable ot hitpedolar
100 18E s | 2900-025-07054-5

[ tupplemerdary Matesial | ]

Acknowledgements

W wish 10 acknorwledge Annamdria Mernéth from the Univesicy of Saeged,
Hungary, for awsistarce with the chapter and relabed matenials on Eady Prase
Trials. The @shars did notreceve sappart from ary crganizatian for e
suimitted wark

Author contrilbutions

JR, I, WML LS, i, GLE, B, SaM, F5- concepiualmation, 2O, KM, TO, MP- famal
arabpss, JF,WH, LS, S, GLIC CK, ET, WP, BCW, B, F5 - funding arouisition, IR,
20,V KN, L5, B, GLE, CF ET, 70 A, BCM, Sald, 1B, F5- irvestigation, IR LS,
WH, Sal, 18, FS- methadoksyy A- prapct sdministratian, T0, MP- softwars,
IR, IC, L%, I8, F5- writing - original dralt, Wh, BM, ST, GLE, CK, ET, ECM, SaM
wiibing- sk v edRireg

Funiding
Simpartad by the ratianal budget theough MEYS, LRI CZECRIN (LW2033049]
and ERASMU s (prajiect DONSCKILE || 2020 -1-C001 -KAI 20-HED- D000z 177

Diata availability
Al data generated ar anatysed duning this sbudy ae included in this publshed
artick: and its supplementary infomratian files

109



ANNEXES - COLLECTION OF AUTHOR'S PUBLISHED SCHOLARLY WORKS WITH
COMMENTARY

110

Rychlitkovd ef al. BMC Medical Education (2025 25502

Declarations

Ethics cosnmitioe

Thee COMSCIOUS 1 project wae appecend by the Review Boad of the Faculty of

Medicing, Masargk Urivers ity Feloiwing & request by the progect irmestigaear
Priarrnly. Jika Rychithond, Ph3, a cerfcaie has been boed that canfrms
traat thie COMETIILE || praject o s reodt reguite apprmal by thie Ethics
Commmithes af the Faculty of Medicne, Masargk Unwersity. The certificate s
proviced 10 the ediear As a resuk, i was nat recessary for the participants
tir sagn the informaed consent form for thair insodvement i the CONSCIOUS
1l progect actiitas. Thelr participation in the pikat course and in the fesdback
colbection was entinely waluntany. The reseanch camied here & in compllance
with tre Dieclawation of Hekinkl prnciples.

Consent for publication
Hot applicable

Competing inteests
The authars dieclane na campeting infessts.

Authar details

‘Departrnent of Pramacchagy, Faoulty of Medicine, Masaryk Uiniversiy,
B, Cxech Repiiblic

“Corite of Excellence, CREATIC at Masaryk University, Bmao, Lnech
Aeputibc

5t Anni's Univers iy Hospital Brma, 8rno, Cench Republc

*Uriversis Paris O td, UFR ELA, Paris, Frrce

“Départrent de Médiecing Imeme at Hopital Larbais iene, Liniversite Paris
Citd, Parks, France

“trentbgothe Research Cenire, University of Pécs, Pécs, Hungary
european Clinical Research Infrast ucture Metwori (ECRIN, Panis, France
*rrarmaceutical Development and Clinkcal Ressarch Competence Corder,
Unikeersity of Szeqed, Smeged, Hungary

MO, Information Managemaent Schoal, Lskon, Parbugal
EinnAHesakn, MOWA Medical School at Universidade MO de Lishaa,
Parhuguese Clinical Reseanch Infrastructune Metwori, Lishon, Poriugal
Clinical Coordinantons Team in the MOWA Climical Reseanch Linit, HOVA
Medical Schoaol, Univers idade HOWS de Lishaa, Lishon, Portugal
I:\'IP\.U'-'ni.dI-|;I:\.‘ll:|‘|, MO, Msdical School Unieersacade HOWA de Liksoa,
Lisban, Portugal

“HRE Clinical Reszarch Facility and Schodl of Publc Heakh, University
Colkege Cark, Cori, eland

Fceived: & September 2024 / Accepted: 25 Manch 2025
Fublished anline: 08 April 20235

Referonces
1. Pingal U Investigatorinkatives for academic inake dilemmas and dificulties
Parspeit Chn Ao 3023140 59-60.

12
13

Page 7 af 7

Korwar M, Bose D, Goghay MU, Trarte Lkt nvestigakor- nitiated studies: chal-
lenges and solutons Pemspedt Chn Res 2013.9179-83

Thomgon F, Fendon J, Cottenil L Meikon I Incssising seppart for the nest
geresation of chnical triak leaders. Filot Reasiniiy Shad . 3016331

Wagnin & hveren W, Calvo G, Cndethoeh B, Cake O, Dembova Roat al
European saney on Mational traisdng actaities in dirizal research, Trials
1330516

ded Alara M, Bhirer C, Fisher O, Grizse M, Lingor 7, Palladini G, et al deniify-
ingObstacies hindering the conduct of academic-sponsoned triaks for drug
pApasng on sie-dsemes ananakes of sk use cases Trak. 02233783
Sambenjai O, Straus 58, Manuis & Men toring in academic medicnea sys-
Ternaic revicw AR 20062951 103-15

Bachited §, Check T, F oweest 4, Hildelbrand O, Panhiik L Faties SR, ot al
Imngrcadng the quakity conduct and efficiancy of chnical tna k with iraning
mzamm encibions for presaredness and qualificabon of imestigaios and
deleg akes Contemp Chn Triak. 20 E3 105912

Markman EM, Brovest 3K, Magn uson B Deseloping an engaging and acces-
e cinical sessanch training program for nesw invastigators. JCIn Trans! Sa
o g oot

Saleh W, Mak G, Jester P Joimer C, Wazsilall E. Eimibe rin G4 et al Chinical
irwstigator franing program TP A practical and pragmatic anmeoach bo
corwesAng dirical irsestigatar competancies and braining b busy cnicians
Loriemp Cin Trials Coam rmwn, 20001 5101535

Bosrymiairre. M, Canevert C, Chan A, Clasioe WU, Coma C Ceemen E, et al

A Ewranean apmeach tochnical imvestigator rining. Front Pharmaca

R E R ] bl

COMEODLUSE Curmicuum Cwestopment of Human Clinkzal Trias for the Mot
Generation Bomedical Students. hiba Ao ous novain.un Lot agindinds
wphp. Acrmsed 12 Aug HO4

ECRM Eusopean COlirical Reseasch Infastructune Matwerk: hitpetes rinong!
Fasbering Reseanch Culture in Chnkcal Prasrnacology Services Agenca Poriu-
guess Society of Prarmacokegy. hitpsapfasmacalogla ptiupkaduFoste e
seanchaoul tursinOincal Pranmacology Senicestgenda_firal pdi

CEAL Teacher training sevminars IDEALITER hitorSdpalu-panis Btaacherra
ning-ETin s

| spoieénd konference @rmakoogiciych spoletnost hitps.ewwspalecn
Frhon forenoe-fasma oo

CONSO0US B Cusricuum Devalopment of Human Chnical Tk hitps dicons
chous e

Publisher's note
Spetineger Mabure remains neutral with regand o jurkcictional claims in
publehed maps and retibosonal aifilatons



ANNEXES - COLLECTION OF AUTHOR’S PUBLISHED SCHOLARLY WORKS WITH
COMMENTARY

7.5 Annex5

Papiez A, Souckova L, Rychlickova J. Inovativni designy klinickych studii. Klin Farmakol
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Summary

Purpose:
The aim of this review was to describe the evolution of innovative clinical trial designs and
to discuss their role in addressing the growing complexity of modern clinical research, par-
ticularly in precision medicine, rare diseases, and advanced therapy medicinal products
(ATMPs). The article highlights the methodological limitations of conventional random-
ized controlled trials and presents innovative approaches that enable more efficient, flexi-
ble, and patient-centred evaluation of therapeutic interventions.

Methodology:
This publication is a narrative methodological review synthesising current regulatory guid-
ance and contemporary literature on innovative clinical trial designs. It provides a struc-
tured overview of adaptive trial designs, master protocols (umbrella, basket, and platform
trials), as well as emerging approaches including N-of-1 studies, single-arm trials, and
SMART designs. The review discusses their methodological principles, advantages, limi-
tations, statistical considerations, and potential clinical applications.

Results:
The review demonstrates that innovative trial designs offer greater flexibility and effi-
ciency than traditional randomized controlled trials by allowing prospective adaptations,
simultaneous evaluation of multiple interventions, and more efficient use of available data
and resources. These methodologies are particularly valuable in settings characterised by
limited patient populations, molecularly defined diseases, and rapidly evolving therapeutic
approaches. However, their successful implementation requires careful statistical planning,
robust methodological expertise, and close alignment with regulatory expectations. The ar-
ticle further identifies important barriers to implementation in the Czech Republic, includ-
ing limited methodological capacity, insufficient funding, and the need for specialised edu-
cation and research infrastructure.

Conclusion:
This review demonstrates that innovative clinical trial designs represent a key methodolog-
ical advancement in contemporary clinical research. It emphasises that selecting the study
design according to the clinical question—rather than relying exclusively on traditional
randomized controlled trials—can improve the efficiency, flexibility, and translational po-
tential of investigator-initiated clinical research. The publication also highlights the need
for continued capacity building, interdisciplinary collaboration, and specialised methodo-
logical support to facilitate the wider adoption of innovative trial designs in academic clin-
ical research.
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Inovativni designy klinickych studii

Adriana Papiez"*, Lenka Souckova"*, Jitka Rychlickova™**
'Farmakologicky ustav, Lékarska fakulta, Masarykova univerzita Brno
*Centrum excelence CREATIC, Lékarska fakulta, Masarykova univerzita Brno
‘Fakultni nemocnice u sv. Anny v Brné

Incvativni designy klinickych studii predstavuji vyznamny posun v metodologii kli-
nického wyzkumu, ktery reflektuje rostouc komplexite onemocnéni, rozvo) persona-
lizowané mediciny a nistup l&€ivych plipravkd pro modemi terapii. Vedle tradiénich
randomizovanych kontrolovanych studii se stale £astdji uplatfuji adaptivni designy,
master protokoly i jednoramenné studie, které umoifiuji flexibilngjsi a cilenéjii hod-
noceni terapeutickych intervenci. Tyto pfistupy mohou zrychlit identifikaci dginngch
terapii a efektivnéji wufivat dostupné zdroje, soucasné viak pfinaéeji metodologicke
a organizaéni wyzvy, zejmeéna v cblasti statistického planovani, kontroly zkresleni
a interpretace wysledki.

W feskémn prostfedi zistdvd implementace inovativnich designd zatim omezena,
predaviim v disledku nedostatku metodologické expertizy, omezenych finanénich
zdrojd v akademickém sektoru a nedostatecmého systernatického vzdélavani v oblast
Klinickych studii. Iniciativy zaméfené na budovani kapacit mohou pfispét k posileni
odbomého zizemi a podpofit aktivnéjii zapojeni éeskych instituc do mezindrodniho
wyzkumného prostoru.

Inowvativni designy predstavuji kliéovy ndstroj moderniho klinického vyzkumu a jejich
dalii rozvoj bude zdviset na systematické metodologické podpofe a mezioborove
spolupraci.

Kli€ova slova: inowativni designy, klimicky vyzkum, adaptivni designy, metodologie
Klinickych studil.

Innowvative clinical trial designs

Innowvative clinical trial designs represent an important shift in the methodology of
clinical research, reflecting the growing complexity of diseases, the development of
personalized medicine, and the emergence of advanced therapy medicinal products.
In addition to traditional randomized controlled trials, approaches such as adaptive
designs, master protocols or single-arm studies are imcreasingly being used, enabling
miore flexible and targeted evaluation of new therapeutic interventions. They may
accelerate the identification of effective therapies and improve the efficiency of re-
source utilization; however, they also introduce methodological and organizational
challenges, particularly im relation to statistical planning, control of bias, and inter-
pretation of results.

In the Czech Republic, the implementation of innowative trial designs remains limi-
ted, mainly due to insufficient methodological expertise, limited funding in the
academic sector, and the lack of systematic education in clinical trial methodology.
Capacity-building initiatives may help strengthen the methodological background
and support a more active imeolvernent of Czech institutions in the international
research landscape.
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Innowative trial designs represent a key tool of modemn clinical research, and their further development will depend on systematic
methodological support and interdisciplinary collaboration.

Key words: innovative designs, clinical research, adaptive designs, clinical trial methodology.

Uvod

Randomizovand kontrolovang studie
[ACTs] 3 paralelnim uspofiddanirm predstavuji
Zlaty standard v Klinickém vyzkumu, Tents
dedign je sehopen poskytneut robustni data
o bezpednosti a Gdinnosti Eestavanych 1&iv
diky fixni randarmizaci a rigidnim pratoko-
Iarm (1) Micrménd neprutnost protokalu ma
v soudasném vyrkumném prastiedi fadu ne-
dostatkd: potfeba velkého podtu ddastnikd,
diouha doba sledovan, omezend statisticka
sila pro hadnoceni bdinnast v didleityeh pod-
skupinach pacienti nebo vysoké naklady na
Suchii [2).

DrailZim Emitesm tradid nich designi, wietng
RCTs, je jejich ormezend pouditelnost pro had-
noceni cilenych L. terapie zam&fend na spe-
cificke molekularni cile) &i modemich terapii
[ATMR, advanced therapy medicinal produet),
vietné genove leragie nebo somatobuniéd-
ripeh tarapi. Cilend terapie narddi na zauliva-
né designy klinickich hodnocend jeden ek,
jeing diagniza”, zatimeo u ATMPS je pouditi
tradiénich RCTs limitované malyrm podtem
padientd, etickymi omezenimi randomizace
nebo haterogenitou populace. Vile popia-
ni omezend vylvofila prostor pro inovativai
designy, ktend umoakiuji et pruinost a efek-
tivrijii vy it dostupngich dat a zdrojd pdi za-
chovini videcks validity a integrity studie (3}

Na patfebu madernizavat desigry klinic-
kych studii reagovaly | reguladni autarity. lak
Evropiks lékovd agentura (EMA), tak americ-
ky Ufad pro kontrolu potravin a [&2iv (FDA)
widaly své metodicke pokyny, klerd papiuji
podrminky pfijatelnost inovativaich designd.
W pokynech je zddraznéna nezbytnost pied-
chozihe vededkého dialogu, transparent nosti
statistickych metod & zajiiténi achrany proti
systematickému Zkresleni (4, 51V derviu raku
2025 byla navic vydana Mezindrodni radeu
pro harmonizaci srmgrmice ICH E20: Guideline
on Adaptive Designs for Clinkcal Trials uprasu-
jici prasidla pro navrh a hodnoceni adaptiv-
nich designi v klinickyeh studiich [8).

Inovativni designy klinickych studii tudiz
nepiedstavuji nahradu tradidnich metad, ale

jejich raziifeni a adaptaci na soutasné potfe-
by a pokroky redicing W kontexiu rychlého
razwaje madernich terapii a rastowdich poka-
davkd na efektivitu zdravotnickych systérmid
|ze piedpoklidat, ke jajich wyznam bude na-
dile naristat a postupnd se stanou nedilnou
souddsti stand ardniho klinickéha wyzkumu.

Adaptivni designy

Adaptivni designy nejseu navinkou - jiz
w 7. letech 200 stoleti byl zaveden koncept
sdaplivai randomizace (7). lejich prakticks
wyulditi ale bylo omezens, rejména 2 divodu
metodologickych, regulatnich a aperainich
nejasnosti spajenych s jejich implementac
a interpretac vysledkd. Wyhoednoceni studii
aplikujicich adaptivni design toti vytadu-
je sloditéji analyzu za pouliti validovanych
softward a robustrich statistickyeh meatad
rajisfujicich kontralu chyby typu | {nespriv-
né zarmitnuti nuleve hypotéry), multiphcity
a rachovani integrity studie. Soudaing axi-
stuje obava vyrobed léciv, zda budau vy-
sledky takevych studii dostatednd pra HTA
(Health Technalogy Assessment; hodnoceni
edravotnickych lechnologiil analyzu a piijaty
reguladnimi autaritami. Tato nejistola obecng
souviiela s omezenymi soedenostmi © karm-
plexnimi adaptiviimi postupy & § potiebou
trandparentnibo pieddefinovani adaptad nich
pravidel. Navic provadeni studii s adaptivaim
designem je i erganizatngé mnohem narod-
n&jii. Situace s postupné zadala zleplovat
diky veniku odbarmich skupin jako je ADSWG
(Adaptive Dedign Scientific Working Graup)
arganizace DA (Drug Information Association)
(B), dodtupnosti specializovanych softwaro-
wyeh feieni a takeé rvefejnini viie zmingmich
doporudeni EMA (4] a FOA (5] k adaptivhim
designiim.

EMA definuje .adaptivai design® jaka ta-
oy, ktery umnolfuje upravit preky studie
(napfi. velikodt souboru, pomeés randomizace)
na rakladé interim analyz za soudadné kant-
raly chyby typu L Tyl postupy doporucuje
rejména v piipadech, kdy je provedeni studii
4 tradi¢ nim designem sbodité, napfiklad z etic-

kych diwodd (1), Soudasné EMA zddraznuje
nutnost zachovand validity a intenpretovatel-
nosti wysledkd, 2ajrména pii powkiti komples-
nich adaptadnich strategii. Doparideni FOA
se na razdil od EMA zaméfuje | na praktické
aspekty hodnoceni a statisticke analyzy do-
komtenyeh studii s adaptivaim desigrarn (5.

Typy adaptaci

Adaptace je deflinawina jake modifikace
jednoha nebo viee prvkd designu studie na
zakladé pribéing shiranpeh dat (7). Viechny
potencidlni adaptace a jejich podminky musi
byt prospektivee naplinovand s iadnd zda-
kurnentovand v pratokolu klinicke studie. je
dilefité zdidraznit, ke adaptace nepiedstavuji
ad hae zmény nebo dodatky protokold, ale
jsou integralni souddsti designu studie (31
Piehled nejéastéjiich adaptaci je uvedean
v tabules 1.

Master protokoly

Master protokaly jsou definoviny jako in-
tegrované ramee klinického hadnoceni umol-
fujici soucasné nebo sekvendni zodpovézeni
vice wizkumnyeh otdzel v ramci jednotng
infrastruktury studie (10} Déli we do i hlav-
nich kategarii padie taha, 2da sdrufuji razna
ohemocnéni § jednim ladiverm [z, basket
design), jedng oremocneni 5 rermi ledivy
[tzw. urnbrella design), nebo kombinuji oba
phistupy v rémei pribeind adaptované plat-
lanry (v, platformove studie) (11

Umtrella

Urnibsrella studie hodnati dginnost nékolika
cilengch tarapeutickych intervenci u jedné
nemoci, kterd je rozdélena do nékolika ma-
lekulamé definovanych padskupin, Pacienti
se spolednou disgrdeau iobvykle vymezenou
histologicky] podstupuji melekuldmni profi-
lowani za déelem identifikace prediktivnich
& terapeuticky wyulitelmpeh biomarkerd (12).
Masledng jsou piifazeni do specilickych tera-
peutickych ramen padle piitomnodti téchta
malekulirnich alterac, Tento piistup umakiu-
jeefektivai hadnoceni viee cilenyeh intervenci
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Tab. 1. Ty nejfasiéfich adapiod v gribéhy inferim anoliz [, 5, %

HLAVNI TEMA (

Typadaptace Popis Vyhady Problémy/Vyzvy
velikosti Fehodnoceni velikosti studyni populace, | Snidujs pravdépodobnost negatami ‘Wypodtend velkast studini populace
’"-#'I|P°F'-"¢' abyy byyla rapitén, e studie bude studie u léEraintervence se mitie byt necding, neprovsditeind
dostateinié prikamd smysiupingm Génkem
Predéasné ulonéeni z diwadu | Zastaven| kinicks studie, boy e oeme, Jednd s= o etcky pftup, Kery chisani Casnéd ukantenl studee milide vwist ke
zhyteinostimarmosti = studie remd danci na tepich paderity a betfl zdmje, kterd mohou bt | snizeni statisbicke siky, pokud skutsény
redokoudy. Utnek sxistupe. Tata riziko e ameze
PredEasné ukondeniz divodu | Zastaven kinice® studie, boy e oeme, Hwchlejt pfstup pacientd k efelanni korzervativiim rastavenim branic,
prokazani déimnast 3= testovand irdervence je GEnngfd net | terapa, snitend nddadd, minimaleace piidemd je nutné vywdht zirdtu sy
kortralni rameno zathde déastniki & maneat vias adhalr marnostfidnnast
Umifiuje béhern studis upravitcloveu | Adaptace umedfiuje upravit kriténa Padskupiry paderad mahou Bt wsimi
populac padentd. Data #Askana pled pra zatazeni tak, aby byly to studes mal#, napfiklad u vzacngch anemacniéni
f.dam studijni popul | pa te o adapsac ke kambinceat pra zahmuty padskupiry pacertd s nefeyddl | neba u populad, které j= obtiing do
hodnoceni rierdence jakv cilove pravdépadabrast plinosu z dare shudie zafadit, oot rithye hodnooen
kupnd tak | v pelkove populao niererce plirasu kit
Raziueme dwa bypy Zlepdeni stahstické efekinery studie, Covanate-adaptive plistupgy mohau
» covariate-adaptive mndomization: | sniteni vanabiity cdhadd a v rékterych | zvpin predikoyatelngst phfazeni lechy,
phiazeni Echy je upravoudno tak, aby | sruadch umadinéni mensi welkast cod yytaduje dadatedné ndhodre prky
by skupirys wywidené podls pragna- | vearku nieba kratdi tredni shodie b rachioudni inb=gnity randomizace,
Adaptivni randomizace stickjich Fakard B=sponse-adapiive ardomizace midde | 2 oba typy adaptad vyfaduj | statish che
" resp daprti doenizati mit bake sbicky pfinps tim, de wice metady. které sprawné zohledni design
prawdépadabnast plifazeni do jednat- | padentl dostane GEnnég Ksibu shudie ph analyze dat
Ivych ramen se méni podle lumulu-
jcichse data démnost
Adaptace umodfups zmény v [Edebmich | U dose-range” studi adaptace Padaobré jako u respares-adaptrmi
ramenech, typicky pldédsdani nowch Exebrjrh ramen umodiiuje nechis)i randamizace je dllehbs umoknit
ramen nebo ukardeni neperspekbvnich | adentfikbovat optimaln oy pra adaptaci a¥ po shromidoén
ramen korfrmaéni studis dostatednéha mnod shd dat Vehleden
Adaptace |édebnjch amen U karfirmaénich studi lee dky adaptad | k nevratnosti razhod rti o wyfazeni
ukonit amezene Ginng ramena diive | shadinihec amene e tero pastup
& soustiedit zdroj e na perspektamiél abwykle nastaven konzereativng)i ne:
ramerea. Ta d&ki Elinickau studii etids2gl | respanse-adaphuni randomizace
Mpdnast rval® jeden clowy ukazatel Primami cllovy ubkazass| milie byt Ett, zdlirantiu) e, Ze klinicky wamam
znikolika potenciélnich pnmidrnich zmnien | v pribéhu stude endpoinky by se v pribéhu studie nemel
Adaptace vibén endpointll | snopaintd v skuacy, koy ph pribéens ménit a zména e jen thire chhajreind
ol owpch ukazateli) arabize panuje nejssata chisdné FOw doporuduje nedifv plezkauman],
welkosti Céinku u jednotivich rozsdhiou diskuzi a wyfaduje koneultaci
skedavarrych wysleokid 5 piisluinou hodnoticl ssko FOW
Srudie 5 akbivnim kompardtorsm mdse Umohuje prakizdrd supsnanty, pokud | imtempretace sysledkl mids byt slats,
bt plinowiana aka nan-infencrni, = I82ha skutedné dErnéjll ref aktrenl | zEjména pakud = pribeing a findn
s modnostl pfechodu b testavinl kompardtar. wysledky liki
:::Ln:.z:mhﬁri-ﬂ superarnity podle pribéEmych vysledidh Regulatni autarnity asto predengi
¥ potvrzen] wiskedind w nezdviské studii
mista pokratowdnd j=dné studie
& prakizini supericray.

Shadnocen! dmiu ol elmych diwkd ot e, Eténmesahu ddwoe

soudaing pii zachavani biologicke homoge-
nity jednatlivich substudii.

Koncept umbrella studii vychazi 2 pazndni,
e b, co bylo historicky povabovano 2a jedna
onermoenen, ve shutednosti pieditavuje sou-
bar molekulame adliinpch podiypd, kiend
vytaduji individualizované terapeutické pii-
stupy. Typickym piikladem je nemalabunédny
karcinom plic, ktery byl diive l&den jako ha-
magenni onemacnéni, aviak dnes je chapan
jake skupina mnoha raerych maolekularhich
subtypd definovanych rizngmi mutacerni
EGFR a daliimi driver” alteracemi (ALK, MET,
RET, HER2 atd.), 2 nichi kadda milke vylada-
vat specilickou eilenau [&ibu [13). Umbrella
design tak refllekiuje posun od histolagicky

deflinavané klasifikace enermocnéni k biclo-
gicky a molekuldmé zalodendmu konceptu
precision medicine.

Basket

Basket trial jo typ master protokolu, we
kterdm se jedno thoulend l4dive (nebo kam-
binace lédiv) testuje u rizngch populaci, de-
finovarjch sdilenou biologickou charakie-
ristikau, nej astaji specifickym molekulamim
bigmarkerern, bez ahledu na histologicky typ
onemoonéni. Studie je struklurovand do pa-
ralelnich substudii Lz kedl) v rme jednohio
spoletného protokole {11, 14). Kakdy kod”
piedstavuje relativné homagenni subpopu-
laci, v ket je hodrnocena Odinnedt a bez-

pecnast dand intervence, zatimeo sdilend
infrastruktura studie umobiuje elektivnajli
generavin dikazd.

W onkologii s basket studie roziifily i na
studie fdze b2, kde se v ramei jedné studie
zkourna vice riznpch nddorovych diagnaz,
Aby se ziskal dikaz o déinnosti [prood of can-
cept] piedtim, nel de lédivo bude dale hod-
natit v konfirmadnich studiich. Konfirmadni
basket studie obvykle vybinaji 0tastniky pod-
le jednoho specifického biomarkeru, tedy
urdité genetické nebo biologicke charakie-
ristiky nadoru, ktera ma piedpovidat Géinek
Iégiva [15). Mapfiklad mutace BRAF VGDDE se
vyskytuji u melanomu, kelorektdlnihe karei-
nom, kareinamu dtitne Hazy a dallich ma-
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lignit {16). To pochapitelné vyvoldva atazku,
rda mohaou inhibitory BRAF vykazovat srov-
natelnou ddinnast | u histolagicky razdilngch
nadand nesoucich Wite mutaci. Naproti tomu
proaf of concept basket studie nermusi byt
zalokeny na biomarkerech a mohou zahe-
novat dirdi spektrum nadord, aby se zjistilo,
zda létive vykazuje aktivitu napfic rizrymi
indikacemi [15). Tento piistup viak prinddi
metodalogickeé vizvy spojend s heteroge-
nitou populaci a interpretaci visledkd mezi
jednotiivimi kaii®.

Flatformeowvé studia

Platformosd studie pledstavuji typ klinic-
kého hadnoceni zalobeny na diouhod abié fun-
guijici studijni infrastruktufe, kierd urnokiuje
systematicke hodnocend vice terapeutickych
intervend v ramci jednahg onemocnénd. Ma
razdil od tradidnich klinickyeh studii nejsau
platfarrmové studie koncipovany jako jedna-
fazowve projekly & pevnd stanaveny m konoem,
ale jako pribéknyg wyzkumng rarmee umobiu-
Jiei Mexibilnd generovani dikazd v dase [17).

W rarmci jedne platiomy mohou byt léeb-
né ramena piidavana nebe ukendovana na
zaklade piedem definovanych rezhodovacich
pravidel a aktudlné dostupngeh dat. v odd-
vodnénmypeh piipadech lze dokonce pacienta
pievést 2 jadnoho ramena studie do jindha
ramene [17, 18). Matformawe studie 2aste vy-
ukivaji scilend kontredni ramena a jednatnou
studijni infrastrukiur, cof 2vyiuje elektivitu
wyuliti 2drojd & umodnuje rychlefi identifi-
kaci Gdinnych terapii ve srovrand § tradidndmi
studiemi zaméfenymi na hodnaceni jeding
intervence [19).

Platlarmavé studie mohou, ale nemus byt
randarmizovand nebo adaptived, v praxi viak
maderni platfonmové studie Laste karmbinuji
randarnizaci, adaptivai prvky a'nebo pokra-
Lilé statisticke metody.

Platformose studie se uplatnily zejména
v oblasti onkologie a infekdénich anemaonéni
& jejich popularita verastla b&hem pandemie
covidu-19, kdy umolnily rychlé zhodnoce-
ni wice terapeutickyeh strategil v dynamicky
e wywijejicim klinickém prastiedi (20, 21}
Platformevé studie nachazeji vyubiti i v dal-
lich oblastech, napdiklad u chiipky [23), re-
spiradnich infekei [23), newrodagenerativaich
onemocnénd (24, nebo ebaly (25).

Nawzdary swyrn vihodam pledstavuji plat-
farmavé studie metodologicky | arganizadné
niradny piistup. lejich diouhodoby ¢harakter
wybaduje stabilni keordinaci, lmancovani a spo-
lupraei vice vy rkurnngch timi se sponzary (111,
Zmetodologickéha hlediska je nad rirmee viie
uvedenych patadavkd tieba pedive plinovat
statisticke analyzy, kontralavat multiplict tes-
towidnd, fidit sdilena kontralni ramena a mini-
rmalizoval rizioe shresheni pii srovndvani skupin
rafaperpch v riznych obdobich. Tyto aspekty
jsou klidové pra zachovani validity a interpre-
tovatelnosti wysledkd (%, 11, 17).

Daldi inovativni designy

M-of-1 studie

N-ol-1 design je zaméfeny na hodnoceni
ucinnoati léthy u jednotlivého pacienta,

Metodalogicky se jednd typicky o zadle-
penau studii 5 opakovanym stiiddnim inter-
wance a kantralni l&dby v nékalika asovyeh
abdobich (cross-over sekvence) 5 dostated-
nymi wash-out periodami. Pacient slouli
jako vlastni kontrola, cok minimalizuje viiv
imtarindividualni variability. Tento design je
evlaite vhodny pro chronicks onemoonéni se
stabilnim prabehem (diabetas mellitus 2 ty-
pu, chronicka bolest, chronicka plicni one-
misenénd), kde je cilern oplimalizoval terapii
pro kankrétniho pacienta (26).

Single anm design

Single arm [jednoramennd) desigry pra-
cuji pouze < experimentalnirm rameneam, bez
zahrnuti paralelnihe kontrelniho ramene do
studie. Jednorarmenné studie se typicky uplat-
fji v Easnyeh fazich klinickéhe vivoje nebo
W situacich, kdy etické, prakticks & epidemio-
lagicke akalnasti zremaodhuji pouit paralelni
kantralni skupiny [27]. Vzhledem k absenc
paralelni kontrolmi shupiny je viak obtiing
kantralovat fadu zavadéjicich (canfounding)
faktord, a wysledky mohou byt hide interpre-
tovatelng. Z tohote divodu jsou jednaramen-
né studie zpravidla vyudivany v situacich, kdy
|ze adakivat vyrazny lacebny elekt, ktery ja
oo interpretovat i bez piiméha srovndni
4 kontrolni dkupinod.

Ay se jednoramenné studie piibliziy kon-
ceptu RCTS, visukivaji Casto jako kentrobu histo-
ricki data (28] V soudasné metodologi se tato

ablagt vyamamng posouvi | smieem k vyt
extemich komparatorovich kohort (external
cormparatar cahoris) a symbetickyeh kontralmich
ramen [ynthetic cortral arms) advoeengoh 2 dat
I rivdlng dinicke praxe (RWD - realworld data)
Tybo pokrodilé piistupy vyubivaji registry pacien-
1, elektronickou sravotnd dokumentacd neba
data z pledchozich klinickych studii k tamu,
aby pomoci pokrodilych statistickych metod
oo nejplesndji nasimulovaly chybéjici kantrolni
skupinu (26, 30). Wybér techto extemich kontral
miusi byt proveden pedive, s dorazem na kvalitu
adrajorych dat, minimalizaci selekiniho zkresle
nil & vhodnost pre danou studii (28, 28},

W soulasnosli se jednaramennd studie vy-
whivaji predaviim ve studiich fazel a llv klinic-
kérmvpzkumu nddorevych onemocnéni, veac-
mijpch onermocnéni a u lédiv, kierd jsou vysoce
Eadandé pro naplnéni renaplindnpch [édebnmch
potiel [unmet medical needs) (28, 311V téch-
te specifickych oblastech nabyva na vyznamu
take vyukiti ddkazd 2 redlné praxe (AWE - real-
-warld evidence) regulacnirmi autoritami pfi
roxhodovani o registraci a vitupu madernich
terapii na trh {32-34). Navedary praktickému
vinamu jednoramennych studii viak tyle
studie poskytuji emezenou droven dikazd ve
srawndni & randomizavany mi desigry a jejich
interpratace vy Eaduje 2vienou opatinost

SMART design

Zajimavym podiypern adaptivaich de-
signil je SMART design (sequential rmultiple
assignment randomized trial). Ve studiich se
SMART designem jBou udasinici na zaditku
randarmizovini do jednd 2 interventnich sku-
pin. padobné jake je 1o v piipadé radiéni RCT.
Paurdité dobé je vy hodnocena jejich odpoved
na bedbu a Ofastnici § nedostatednou odpa-
vedi mohou byt znovu randomizavani do
jiné interventni skupiny. Tento proces milbe
probihat ve vice po sobé nasedujicich fazich,
Lim# venikaji sekventnd lédebnd strategie [dy-
namic reatment regirnensh, kieré |ze nasdedng
mezi sebou porovndvat (3. Tenta plistup je
zvlaité vhadny u chronickych onemaconéni,
ke je béind lédbu madifikavat podle pri-
bidné adpovédi pacienta. SMART designy tak
v poditate systermaticky modeluji standard-
ni klinickou praxi zalakenou na postuphém
prizplsobovini lécby individublni odpawédi
pacienta (3, 35\
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Moznosti a bariéry
implementace
v eském prostiedi

Tkudenosti s adaptivhimi desigry a mas-
ter protokaly sou « Ceské republice zatim
ofmezend a jlou soustiedénd v klinickyeh
pracaviitich, kiard participuji napi_v mazini-
rodnich platfermovych studisch. Role teskych
imstibuci jako inicidtond studii s adaptivaim
designem viak z0stava spile wyjimednd.
Divodem je zejména nedostatednd kapa-
cita kvalifikovarych statistikd § expertizou
v adaptivnich metodich, amezend finan-
cowhni akademického klinického vyzkumu
& administrativii naradnodt pii schvalovani
protakoli & adaptivhimi preky jak na strané
etickych kamisi, tak na strané reguladnich
auterit. Pasun v budavani expertizy mide
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7.6 Annex 6

Hrdy O, Vrbica K, Strazevska E, Suk P, Souckova L, Stepanova R, Sas I, Gal R.
Comparison of continuous versus intermittent enteral nutrition in critically ill patients
(COINN): study protocol for a randomized comparative effectiveness trial. Trials. 2020
Nov 23;21(1):955. doi: 10.1186/s13063-020-04866-2. PMID: 33228772; PMCID:
PMC7682133.

Summary

Purpose:

The aim of this study was to investigate whether the mode of enteral nutrition administra-
tion (continuous versus intermittent) influences the time required to reach nutritional tar-
gets, as well as the occurrence of intolerance and complications in critically ill patients.
This research addresses a clinically relevant but unresolved question in intensive care,
where existing evidence remains inconsistent.

Methodology:

The study was designed as a prospective, randomized, monocentric clinical trial involving
critically ill adult patients requiring enteral nutrition. Participants were randomly assigned
to either continuous or intermittent feeding, with nutritional advancement guided by toler-
ance indicators such as gastric residual volume; primary and secondary endpoints included
nutritional targets, complications, and clinical outcomes.

Results:

As a protocol publication, the study primarily defines a rigorous methodological frame-
work, including clearly specified endpoints and standardized criteria for assessing toler-
ance and complications. It highlights anticipated challenges such as variability in patient.

Conclusion:

This study provides a robust methodological basis for evaluating enteral nutrition strate-
gies in critically ill patients and aims to generate evidence to inform clinical practice. It

also exemplifies how investigator-initiated trials can address practical clinical questions
that are not typically prioritized in commercial research.
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Hudy & al. Teals {2020% 1955
hitps i olong/ 1011 S541 2083030 048552 Tl‘la|5

STUDY PROTOCOL Open Access

Comparison of continuous versus .,Q.
intermittent enteral nutrition in critically il "™
patients (COINN): study protocol for a
randomized comparative effectiveness trial

Ondrej Hrdy ™), Kamil Vibica®, Eva Strazevska’, Petr Sul’, Lenka Souckova®, Radka Stepanova®, lgor Sas’ and
Roman Gal’

Abstract

Badeground: Enteral nutrition is part of the treatment of aritically il patients. Administration of enteral nutrition
may be amodated with signs of intolerance such as high gastic residual volumes, diarthes, and vamiting. Clinical
trials regarding the effects of the mode of administration of enteral nutrition on the ocourence of thess
complications have yielded conflicting results. This trial aims to investigate whether the mode of administration of
enteral nutrition afects the time to reach nutritional targets, intolerance, and complications.

Methods: COIMN is a randomized, monocentic study for critically ill adult patients recehing enteral nutrition.
Patients will be randomly assigned to two groups recaiving (1) continuous ar () intermittent administration of
enteral nutrition. Enhancement of enteal nutition will depend on sigrs of tolerance, mainly the gastric residual
volume. The primarny outcome will be the time to reach the energetic target. Secandary outcomes will be the time
to reach the protein target, tolerance, complications, haspital and ICU lengths of stay, and 28-day mortality.
Discussiom: This trial aims to evaluate whether the mode of application of enteral nutrition affects the time to
reach nutritional targets, sigre of intolerance, and complications.

Trial registration: ClinicalTrials.gov MCTB573453. Registered an 29 June 2018

Keywords: Critical care, Enteral nutrition, Intersive care unit, Gastric residual volume, Diarrhea
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Introduction

Background and rationale [6a)

Gastric enteral nutrition (EN) is commonly used in
critically ill patients who cannet be fed orally [1, 2] It
can be performed with a continuous infusion or the
sdiministration of several boluses via a gastie tube.
Continuous feeding consists of nutrtienal infusion at a
constant  rate.  Intermittent  noteition  involves
administration of a bolus velume delivered over 15-40
min multiple times per day [3]. The vate of continuous
infusion or the volume of the bolus is set to meet the
daily energetic target. EN beging with the administiation
of a small amount of autrition. IF the EN is tolerated
well, the amount of administered nutritbon s increased
wntil the target energy is reached. When signs of
intelerance afe recognized, the amount of administered
nutrition B decreased; thus, the tolerance wward EN
determines the tme to feach the estimated eneegetic
target—the  primary  oulcome  of this  sudy.  Both
methods have advantages and disadvantages. Continuous
administration of nutrients is unphysiclogic, does ot
promote anabolism, and i associated with metabolic
complications [4]. However, continuous administration
g alio associated  with  fewer  gasteointestingl — of
respiratory complications, and meeting the nutriticnal
taigets earlier [5]. [ntermittent feeding b physiclogie and

Fage 2 of 10

can promate prodecsynthesic. However, it leads to high
gastric residual volumes (GEVE) and higher oceurrence
of diarchea and aspiration [6]. Studies investigating the
effects of the mode of administration on the occurrence
of complications and other outcomes have  yielded
conflicting results [6-9). The awthors of a systematic
review  of the effectivensss of continoous  versus
intermittent enteral nutritbon have been unable to afirm
recommendations for one method over the other [10].
The new puidelines of the European Society for
Parenteral and Enteral Mutrition (ESPEN) on dinieal
nulrition in intensive cave units recommend the wse of
continuous rather than bolus EN. However, the authors
assumed that evidence on this issue B very limited, that
bedus and continwous feeding are similar in achievement
of sutritional tagets without either increasing the rate
of adverse effects, and that bolus feeding may be a
greater stimulus for protein synthesis [11]. On the basis
of current knowledge, a clear recommendation for a
preferred method of administeation of enteral feeding
cannot be made [12, 13]. The aim of this stedy iz to
determine whether any difference exists in the tme to
reach the energetic target between two tolerance-driven
mades of administeation of EN in eritically ill adult
patients.

Objectives {7)

The primary study objective is to compare continuous
and intermittent modes of application of enteral feeding
on the time o reach an energetic target in critically il
adult patients.

Key secondary objectives are to determine the effects
of the mede of administration of enteral feeding on the
tiime b reach the protein taiget. the gastieintestinal
tederance (on the basis of assessment of GRV), vomiting,
diarrhen, and the need for postpyloric nutrtion. Other
secondary  objectives  are  complications  of  enteral
feeding, o assessed by the incidence of aspieation and
ventilator-assoctated pneumonia (YADP).

Trial design {8]

The COINN wial i designed a8 a  prodpective
monocentric explorative trial with two parallel arms.
The primary endpoint i the tme to ceach the energetic
target in critically il adult patients on enteral feeding.
Block  randomization with a 1:1 allecation will be
performed.

Methods: participants, interventions, and
outcomes

Study setting {9}

The COINN teial is currently ongoing b four intensive
care units (ICUs) at one academic hospital in the Crech
Republie.
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Eligibility criteria {10}
All patients admitted to the 1CU are screened for the
inclusion criteria. After informed consent is obtained,
each patient is randomized to one of the trial arms. The
randomization eccurs before EN i3 started.

The inclusion criteria are as follows:

1. Age 18-80years

2. Indscation of EN with a nasogastric or an erogastric
tube

3. Mutrition Risk in the Critically 1 (m®NUTRIC)
Lonre = 5

4. Baody mass index 18-50

5. Mechanical ventilation expected for at least 72 h

Patients meeting any of the following criteria arve
excluded:

1. Upper gastrointestinal tract surgery in previous
redscal history

Baowel obstruction

Baorwel ischemia

Acute pancreatitis

Severe diarrhes (> 1 L/24h)

Gastrointestinal bleeding

Short bowel syndrame

Malabsorpion syndrome in previous medical
history

9. Ongoing EN on admission to [CL

e L

Wha will take infarmed consent? [26a}

A trained study aonvestigator will describe the study 1o
patients or to authorized surrogates if applicable. Patients
{or authorvized surrogates) will ales receive information
sheets. The study vestigator will dscuss the study with
patients  (or authorzed sureogates) s light of e
information provided in the information sheets. The study
anvestigator will obtain wrilten consent from patients (or
authorized surrogates) willing to participate in the trial 1n
the case of patients’ inability to consent because of a
medical condition, the ability to participate in the trial will
be assedsed by a medical council consisting of one
independent physician informed about the study details
and ane study investigator.

Additional consent pravisions for collection and use of
participant data and biological specimens [26b}

Not applicable. Ancillary studies using participant data
and biological specimens are not planned.

Interventions

Explanation for the choice of comparators {6b]

EM can be administered as separate bolus doses several
times per day or as a continuous infusion over a long

Fage 3.af 10

period of time. Continuous administration is favored by
current  ESPEN  guidelines and will serve as the
comparator for the intervention of intermittent feeding.

Intervention description {11a]

The positon of the gastric tube will be verified by
measurement of gastric pH or abdeminal X-ray. Com-
mercial Bocaloric formula with a high content of whey-
based protein will be wsed. To eliminate the effects of
formula composition on primary and secondary out-
comes of the study, the same enteral formula will be
used in all patients included in both study arms. Ener-
getic and protein targets will be estimated according to
current guidelines, on the basis of body mase index
(EMI} and actual body weight [ABW), as summarized in
Table 1 [1]. The energy and protein targets will be deter-
mined by the study investigator. The study investigator
will provide information to the nurse and attending
physician regarding the arm of the study to which the
patient was assigned, the time of initation of EN, and
the target rate and bolus velume,

Administration of EN begins no eaclier than 6 am and
oo later than 6 pm if signs of intolerance are absent (see
below) and the GEV is below 500 mL. Otherwise, the
start of EM will be postponed to the time of the nest
GRY measurement.

EM will be administered in the first avm (COMNT) with
continuous  infusion via an enteral pump with an
infusion time of 18 h per day. During the infusion, the
patient will be in a 30—HF head-up position. The initial
rate of infusion will be set to 25 mL'h and gradually in-
creased every 4 h according to clinical signs of intoler-
ance and GRV measurements. Signs of intolerance will
be considevad if abdominal distension or pain, vomiting,
or diarrhea acour, and if the GRY exceeds 500 ml.

The rate of infusion will be increased sccording to
telerance and GRV. I there s no sign of intolerance,
amd  the GRV g <250mL  in two  consecutive
measurements, the rate will be increased by 25mL/h
until the target rate is reached. IF signs of intolerance ave
absent, and the GRV & 250-500 mL, the current rate
will rermain unchanged. Il intolerance signs are oheerved,
or the GREV is > 500 mL, the rate will be decreased to
bualf wratil the next assessment of tolerance and GRY.

The daily dose of EN will be divided in the second
arm ([NT) into six portions administerad in 4-h intervals
wia an enteral pump. The rate of the enteral pump will

Tabbe 1 Energy ard protein tagets

Bl Energy Bl Protein
<ib #=H kcalhg of AR h w3 12=2gkg ABW b
Sl=50 11=14 kcalkg of Al h A=l 2g/kg AR

= a0 2-25 gkg AR b
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depend on the volume of the bolus. To avoid sudden
gastric distension, the rate will increase with increasing
bolus volurme [4]. The rates of the enteral pump for par-
ticular volumes of EN are summsarized in Table 2.

Druring the infusien of EN, the patient will be in a 30—
M head-up position. After the administration s fin-
ished, the gastric tube will be rinsed with Himl of
water. The initial volume of the bolus will e 80 mL and
will be gradually increased every 4 h accosding to clinical
signa of intelerance and GRY measurements. Signs of in-
tolerance will be considered as abdominal distension or
pain, vomiting, diarches, and a GRY exceeding 500 mL.

The rate of infusion will be increased according to
telerance and GRV. If there 5 no sign of intolerance and
the GRV is <250 mL in two condecutive measurements,
the volume will be increased by 80 mL/h until the target
volume i reached. If intolerance signs are absent and
the GRV is 250-500ml, the current volume of the
bedus will remain unchanged. [§ intolerance signs or a
GRV = 500 mL is observed. the volume will be decreased
to hall until the next assessment of tolerance and GRV.

Memsurement of GEV will be performed throughout
the entire study period (days 1-5) in 4-h intervals with a
150-mL syringe used for aspiration of gastric content.
Volumes lower than 150 mL will be returned to the
stomach, and larger amounts will be discarded.

Criteria for discontinuing or modifying allocated
interventions {116}

Mot applicable. Modification and  discontinuation  of
study interventions is deseribed in the previous section.

Strategies to improve adherence to interventions {11¢)

Administration of EN will be provided by murses who
will receive training before the study beging. During the
training,  the prncipal  investigator  or  another
responsible member of the study team will present the
objectives of the study, the methods of measuring
patient height and weight, the protocol of administration
of EN in both study arms, the method of measuring
GRY, and how other study variables will be assessed and
documented in the patient medical records. After the

Table 2 Volurmes of boluses and rates of the enterd pump

Bolus woleme  Hate of enteral pump Time of administration
{mL) ImLit) {min]

2] 160 £l

180 EXiH) E ]

15 ER 45

31X R &l

4K Lt &l

= 4L L Ural acminesered

Fage 4 of 10

study commencement, re-training will occur every &
moanths until the trial ends.

Relevant concomitant care permitted or prohibited

during the trial {11d}

Prakinetics of the upper gastraintestinal bract

Prokinetics will be administered if an increase in the rate
or bolus wolume i not reached in three consecutive
assessments  of tolerance and GRY  measurements,
respectively. 15 the rate or bolus volume B lowered in
two consecutive assessments of tolerance and GRY
measurements, the administration of prokinetics will
also start. The choice and dose of prokinetic agent will
be made by the attending physician. The effects of
prokinetics will be assessed after 24h of administration.
If intolerance persists and the GRY s below 250 mL, EN
will continue on a fixed rate of 25 mL/h in both arms. If
intederance and GRY >250mL persist, a postpyloric
tube will be inserted, and postpyloric nutrition will
OO Ce.

Parenteral nulition

The administration of parenteral nutrition will be
associvted with institutional standards of care. Parenteral
nutrition may be considered if less than 60% of the
nutritional goal on days 7-10 is reached.

Prakinetics of the lower gastraintestinal tract

The prokinetics of the lower gastrointestinal tract will
be ndicated by the attending physician any tme
duering the study period in the absence of signs of
bowel movements. The choice of agent, dosage, and
route of administration will be made by the attending
physician.

Provisions for post-trial care (30}
Mot applicable.

The trial period includes the first 5-7 days of critical
illnesa, Administration of EM in this teial will follow
current gusdelines [1, 11], and participation in the tral
carries no additional risks beyond those arising from the
critical illness iself

Cutcormes {13}

The primary outcome of the trial (s the time from the
beginning of the adminitration of EN to the time at
which at least B0% of the target energy is delivered. This
will be reported as the day of EN administration. The
Kaplan-Mejer time-to-event analysis will be used for the
amalysis of the primary outcome.

Secondary outcormes:

1. Time from the beginning of the administration of
EN to the time at which at keast 80% of the target
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protein dose is deliverad. This will be reported as
the day of EN administration. The Kaplan-beier
time-to-event method of analysis will be used for
the analysis of ths secondary outcome.

2 Achievement of the energetic target. This
outeome will be aggregated as the proportion of
patients who achieve the energetic target during
the study period.

3. Telerance of EN GRV will be aggregated as the
proportion with GRY < 250 mL, 250-500 mL,
and = 500 ml. Episodes of vomiting will ba
aggregated as the proportion of patients with
any number of episodes of vomiting. Diarrhea
stosls will be aggregated as the proportion of
patients with diarrhea stool = 1 Liday. The need
for postpyloric nutrition will be aggregated as
the proportion of patients with this need.

4. Incidence of complications of EB. The number of
aspiration episodes will be aggregated as the
proportion of patients with any number of episodes
of aspivation. VAP will be aggragated as the
proportion of patients with confirmed VAP,

5. Total serum protein, albumin, and prealbumin
concentrations on days 1 and 5. Serum
concentrations of protein, albumin, and
prealbumin will be aggregated as the mean.

6. [CU and hosgital lengeh of stay. 10U and hospical
length of stay will be aggregated as the mean. The
day f admigsion and day of discharge will be
counted as 1 day.

7. The M-day mortality will be evaluated with a
Eaplan-Meler curve.

Table 3 Participant timeline

Fage 5 of 10

Participant timeline {13}
The schedule of enrolment, interventions, and visits is
summuarized in Table 3.

Sample size [14}

Studies focused on the primary target of our study are
lacking. However, we have identified several studies
comparing  bolus and  continuous  administration of
enteral feeding. These studies included small nuembers of
patients, were condected  in different  patient
populations, and did mot assess the time to reach the
nutritional largets as a primary outcome. However, for
caleulation of the sample size, we hypothesized a
difference of 1 day between groups (target being reached
on day 2 and day 3, respectively]. The alpha was set to
5%, and the power was set to BO%. The estimated
sample size was 122 patients per arm. To account for
potential drop-out, we increased the sample siee to 300
participants in total, with 150 patients in each study
arm.

Recruitrment {15}

RBecruitment of patients began in November 201K
During the first 12 months of the study, 787 patients
were soreened, among whom 100 were allocated to one
of the two study arms. Allocation of the Last patient is
anticipated to eccur in November 2021,

Assignment of interventions: allocation

Sequence generation [16a}

COINN is a single-center stedy. The randomization gro-
cedure is implemented in an electronie case report form

Time pant

tumber af wides

Elgibilimy criteria

Informed consent

Alocatian

Demagraphic data

APRCHE I

S0 scone

Labaratory tests (total serum protein, abumin, preabuming
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(eCRFy with a randomization  ratio of L1, The
ramdomization list was generated by the study statisti-
cian and implemented in the eCRF by the study data
mRnager.

Concealment mechanism {16b)
The web-based randomization system ensures allocation
concealiment.

Implementation {16}

The allocation sequence generation is embedded in the
trial web site. The study investigator enralls participants
and  randemizes  them by  using  the  web-based
randomization system.

Assignment of interventions: blinding

Wha will be blinded [17a}

The study stafl members and treating physicians and
other  stafl will mot be blinded, becavse of the
impossibility of blinding while performing the study
intervention.  The data  mansgement  group  and
statisticians will work with a pseudonymized data set.

Procedure for unblinding if needed [17b}
Naot applicable.
This trial is not blinded.

Data collection and management

Plans for assessment and collection of outcormes [18a)
Demographic and baseline data

The swmdy will collect demogeaphic and  baseline
characteristics  from  medical records and  electronic
medical records, incleding age, sex, type of admission,
and  baseline characteristics. Patent weight will be
measured on sdimibsion in a standard mannes by using a
bed-integrated scale; patient height will be measured on
adimission theough a standardized protecol with a tage
measure. The patient will lie fat in a supine position. A
tape measure will be placed perpendicular to the patient,
and the distance from the patient’s heels to the head wall
be measured.

Conventional scoring syatems validated for critically il
patients will be used. Estimation of APACHE II, S0OFA,
and mMUTRIC scores will be performed by the
attendding  physician and decumented in the medical
records. Results of laboratory tests will be documented
it the dectronie medical records and entered by the teal
investigator in the eCRF.

Frimary outcome

The tine to teach the eneigetic target will be defined az
the number of days from the beginning of the
adiministration of EN until the day at which at least 80%
of the planned EN is administered. The trial investigator

Fage & af 10

will estimate the amount of EN administered by
amalyzing medical records in which the volume of EN is
documented aceording to institutional standards.

Secondary outcomes

The tme to resch the protein target will be defined as
the number of days from the beginning of the
administration of EN to the day at which at least 80% of
the planned protein administeation has occurred. The
trial investigator will estimate that day by analyeing the
medical records.

GEVs, episodes of vomiting, the sumber and volume
of diarrhea stools, and the need for postpyloric nutrition
will be documented in the medical records and entered
in the eCRF by the tral investigator. Diarrhea will be
defined as pasting of loose stools three or more times
per day. The number and volume of stools will be
documented  in the medical records. Volumes  of
diarehea stools exceeding 1 Liday will be reported.

Agpiration of EN is defined as the presence of EM in
the airway of the patient. It will be assessed by a nurse
during standard aieway care and documented in the
medical records. The number of aspiration episodes and
the incidence of VAP will be entered in the eCRF by the
study investigator. Total serum protein, albumin, and
prealbumin concentrations on days 1 and 5 will be
obtained from the electronic medical records and
entered in the eCRF by the study investigator. The 1CU
and hospital length of stay will be entered in the eCRF
by the study investigator after analysis of the medical
records. The information on whether the patient is alive
or dead on day 28 will be obtained by telephone.

Plans to promote participant retention and complete
fallow-up (185}

Alter a participant B enrolled or randomized, the study
site will make every reasonable effort o follow the
participant for the entire study period. Study site staff
members  will be reponsible for  developing  and
implementing local standard operating procedures Lo
achieve maximal follow-up.

Data management {19}

The study data will be entered online in an lnternet-
based database and collected from medical records, The
study staff members will have access to the medical re-
cords of the patients. lnvestigators will be responsible
foe (1) sereeniig of patients, (2] ebtaning wnformed con-
sent, (3} randomization, and (4) collecting stedy data
aind entenng the dats in the «CRF. The statistickan wall
amalyze the study data in cooperation with the principal
investigator. The dats will be stored for 15 vears after
completion of the study and then destroved.
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To  promote  data  quality, the eCRFs of each  Methods in analysis te handle protocol non-adherence
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participant will be reviewed by another member of the
study team.

Confidentialiny {27}

All study-related information will be stored securely at the
study site. All participant information will be stored in
locked file cabinets in areas with limited access. All local
databases will be secured with password-protected access
systems, Forms, lists, logbooks, appointment books, and
any other listings that Link participant D numbers 1o add-
itioatal identifying tinfermation will be stored in a separate
locked file in an area with limited access.

Plans for collection, laboratory evaluation, and sterage of
biological specimens for genetic or molecular analysis in
this trial/future use [33)
Mot applicable.

Iin this study, no biclogical specimens for genetic or
maolecular analysis will be collected.

Statistical methods

Statistical methods for primary and secondary sutcames
{20a]

For amalyses of study data, the
principle will be used.

For analyses of the primary outcome, the Kaplan-
Meier curve, log-rank, or Wilcoxon test will be used.
Sundard descriptive statistics (Le., number of available
values, mean, 50, median, 25% and 75% quartiles, mini-
mum and maximum) will be caleulated for continuous
variables. Categorical varables will be described by using
tables of frequency. Secondary oubcome measures will
be compared between study groups with the ¢ test or
Mann-Whitney test as applicable, and the chi-square test
will be used for categorical data. Differences in labora-
tory tests between different days of measurement will be
analyzed with paired tests (paired ¢ test or non-
pacametric Wilcoxon test). A Kaplan-Meier curve will
be wied to demonstrate 28-day mortality. A significance
level of 5% will be used for all statistical tests. Confi-
dence intervals will be presented as appropriate.

The data analyses will be performed after completion
of the study. Interim analysis s not planned.

intention-toe-lreat

Interim analyses [21b}
Mot applicable.
Interim analysis is not planned.

Methods for additional analyses (e.g., subgroup analyses)
{20b}
Naot applicable.

Additional analysis is not planned.

and any statistical methods to handle missing data [20¢]
Mo analysis populations are defined for this study.
Protecol non-adherence will be assessed by the principal
investigator case by case. Patients with majos deviations
from the study protocol will be excluded from the
amalysis.

Missing data ave not planned to be imputed. However,
in the event of substantial missing data Ffor any
parameter, a sensitivity amalysis using any method of
imputation could also be used.

Plans to give access to the full protocol, participant level-
data, and statistical code {31¢]
Diata sharing statement:

Mo later than 3 years after the collection of the 1-year
postrandomization, we will deliver a completely deiden-
tified data set to an agpropriate data archive for sharng
[rRLrpesas,

Statistical codes will be archived in accordance with
S0P,

Oversight and monitoring

Composition of the coordinating center and trial steering
committee [Sd}

Mo coordinating center or a trial steering committee will
be established.

Composition of the data monitoring committes, its role,
and reporting structure [21a}
Mot applicable.

No data monitoring committee will be established.
The study intervention & part of the standard care of
critical care patients, and both modes of application of
EM can be wsed interchangeably.

Adverse event reporting and harms {232)
The formula of EN wsed in this study 8 approved for
use in critically (I patients, and no severe adverse events
relating to the components of this formula are expacted.
Sertous adverse events have been reported accosding
o atandard rules and standard operating procedures of
the coordinating unit. All study pacticipants will be
monitored for potential adverse events associated with
the administration of ERN.
We expect the fﬁ]lnwinﬂ adverse  events to be
associated with the administration of EV.

1. Tube malpesition. Strategies o prevent gastric tube
malposition are described in the “[ntervention
description {11a)” section of the protocaol.

1. Gastrointestinal complications (high GEY, diarrhea,
o voiniting). Management of high GRY i
described in the “Intervention description {11a}”
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section of the protecol. These complications. are
comsidered signs of EV intolerance, which result in
a decreased ratevolume of EM administered.

3. Refeeding syndrome. Strategies for prevention and
manzgement of refeeding syndrome (RFS) ave part
of the standard care in participating wnits. They
include dasly clinical and laboratory screening for
RFS5 and standard medical management if RFS is

diagnoaed.

Frequency and plans for auditing trial conducr (23]

Traal conduct will be audited by the [nsttutional Ethics
Commitiee every &months during the study. The
process  of auditing will be  independent  of the
nvestigator and sponsor.

Plans for communicating important protocol
amendments to relevant parties e.g., trial participants,
ethical committees) {25}

Any modifications to the protocol that may affect the
conduct of the soudy, the potential benefits o the
patient, or patient safety, including changes in study
obectives, study design, patient population, sample sizes,
siudy procedures, or significant administrative aspects,
will require a formal amendment to the protecol. Any
amendments will be agreed on and approved by the
ethics commitiee before implementation, and the health
authorities will be notified, in accordance with local
regulations. The protocel amendment will be sent to all
mermbers of the study team by e-mail. All attending phy-
aiciang and nurses of the study units will be acquainted
with the amendment at a meeting. The invitation o the
meeting will be sent by e-mail. The protocol of the study
and its amendments will be available at each study wnit.

Dissemination plans {31a}

We intend to submit the results of the study to be
published in a peer-reviewed international  medical
pournal.

Discussion

EM has been uwsed in the treatment of critbcally ill
patients for decades. Guidelines for its provision have
been developed by several international secieties [1, 11,
14] and are periedically updated. Although the body of
evidence s growing, several conleoversies  amd
uncertainties remain, Recent guidelines of the Amercan
Society for PMarenteral and Enteral Nutsition (ASPEN)
suggest that in high-risk patients and those shown o be
antelerant to bolies gasteic EN, the delivery of EN should
be switched to continuous infusion [1]. This recommen-
dation is based on expert consensus but s supported by
very limited evidence. The studies in the analysis were
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simiall and performed on different patient populations |6,
8, 9, 15-18].

After the commencement of this study, new ESPEN
guidelines on clinical nutrition in the intensive care unit
were published. One recommendation i that continuous
rather than bolus EN should be wsed. However, the
auwthors assumed that the evidence on this issue (s very
limited. In a randomized clinical trial, intermittent
feeding in comparison with continuous feeding has been
found to result in no statistically significant difference in
vomiting, abdominal distension, or diarchea [19]. No
significant  differences  in high  GRY, abdominal
distention, diarehea, and vomiting in critieally il patients
who received EF by bolus versus the continuous method
have been reported [2]. A review of continuous and
intermittent feeding has summarized the benefits and
drawbacks of both feeding methods and found no
evidence favoring  either method  with  regard 1o
metabolic, gastroantestinal, and organizational eancerns
[20].

Our protecol uses clinieal signs of telerance and GREV
to determine the administration rate of EM. We use a
volume of GRV =500 mlL as a sign of intolerance. 1n
some stwdies, smaller volumes have been considered
markers of intolerance [2]. Limitation or interruption of
the administration of EN on the basis of lower GRV has
been shown to lead to inadequate nutrition intake, and
EM cessation is not recommended for GRY < 500 mL [1,
1, 21,

To promote EN tolerance, prokinetics will be wsed
under the circumstances desceibed in the “Relevant
concomitant care permitted or prohibited during the
trbal {11d]” section of this protecol. Eevthromyein or
metoclopramide can be wied. Both drugs are effective in
decreasing feeding intolerance without inceeasing the
rates of diacdhea and  significant  archythmias  [23].
Metoclopramade has the same effectiveness regaedless of
the mode of administration, and the choice of a
paiticular sgent and mode of adiminBtration will be the
responsibility of the attending physician [24]..

Regarding the peimary oulcome, the tine to reach the
energy Largel has been compared in two studies [6, B].
Affter a detailed review of the study protoecols, we have
found that in both these studies, the increments of EN
in the intermittent and  continoous  arm were  sel
differently. In the case of optimal tolerance of EN, the
einergy target would have been reached at different time
points,  although the EN would have been started
simultaneously in  the bolus o  continuous  aem.
Therefore, comparison of EN administration modes is
problematic. In our study, we set the increments of EN
so that the energy target is reached at the same time
podnt  segardless  of whether EN I8 adiministered
continuously or as a bolus. Therefore, both modes of EN
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administration are comparable cegarding the primary
oubComme,

Aspiration  of EN B a complication of EMN
adiministration.  Objectively  estimating  aspiration s
difficult. The method of coloring EN has been used in
some studies. However, this method s currently not
recommended for identification of aspiration because of
pertential adverse metabolic effects of the dye [25-27].

Aspieation of EN will be identified and noted in the
medical record by nussing stafl during standard airway
care. This method of identification of EM aspiration is
highly subjective and may be o potential source of bias,

In condusion, we believe that this randomized tral
will provide sdditional information regarding whether
continuous or bolus feeding s associated with any
differences in the tolerance and complication rate.

Trial status

Protocol  version 20, dated 28 May 2009, The
recruitment began on 25 Movember 2018, One hundred
patients had been randomized by 1 December 201%. The
randomization of the final 300 patients s anticipated by
November 2021, Completion of the follow-up will end
in December 321
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Chovanec, Z., Cervenidk, V., Cundrle, 1. et al. Labelling of subpleural pulmonary nodules
with blue dye and contrast agents under CT-guided control and subsequent video-assisted
thoracoscopic resection: the BLUEPAT prospective randomised study. Trials (2026).
https://doi.org/10.1186/s13063-026-09748-7

Summary

Purpose:

The aim of this study was to evaluate the feasibility, safety, and clinical utility of CT-guided
colour marking of small subpleural pulmonary nodules prior to video-assisted thoracoscopic
surgery (VATS). The study addresses a clinically important challenge in thoracic surgery,
as small or poorly palpable nodules may be difficult to localise during minimally invasive
procedures, potentially leading to prolonged surgery or incomplete resection.

Methodology:

The BLUEPAT trial was designed as a prospective, monocentric, open-label, randomized
clinical study including 72 patients requiring histological verification of subpleural lung
nodules. Participants were randomized in a 1:1 ratio either to standard VATS wedge resec-
tion or to a preoperative CT-guided localisation procedure using Patent Blue V dye com-
bined with iohexol contrast agent before VATS resection; safety and feasibility outcomes
were systematically monitored during a 30-day follow-up period.

Results:

As a study protocol publication, the article primarily establishes a detailed methodological
framework for evaluating the novel localisation technique, including randomisation strategy,
perioperative workflow, and safety monitoring. The protocol highlights the expected ad-
vantages of colour-guided localisation, including improved intraoperative identification of
small nodules, reduction of unnecessary tissue resection, and optimisation of minimally in-
vasive surgical procedures.

Conclusion:

The BLUEPAT study represents an innovative investigator-initiated surgical trial aimed at
improving precision and safety in thoracic surgery through integration of CT-guided locali-
sation techniques with minimally invasive VATS procedures. The study illustrates how
NCCTs can support translational surgical innovation and contribute to optimisation of diag-
nostic and therapeutic pathways in patients with focal lung disease.
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. ®
Labelling of subpleural pulmonary e
nodules with blue dye and contrast agents
under CT-guided control and subsequent
video-assisted thoracoscopic resection:
the BLUEPAT prospective randomised study

Zdentk Chovanec, Viadimir Cervefidk'?, hean Cundre™, Michal Sitina™ Jif Vanitek!, Alena Berkowd!,
Tornad Hanslik', lgar Penka' and Lenka Soutkowd™ @

( Abstract

Background Colour marking of indicated nodules is an innovative, accurate, and gentle method that allows sub-
saquent wedge resection of the marked tssue using a mini-invasive, video-asssted thoracoscopic {WATS) method
with all its benefits. Cre of the expected benefits of this dinical mal is introducing and aptimising the evaluated way
nte rautine management in diagnosing and treating focal lung diseases. The BLUERAT clinical trial aims to assess
the technique of colowr marking of subplawral deposited small lung nodules with the subsequent performance

of VATS wedge resection in surgical practice

Methods The BLUERAT clinical trial is a prospective, monocentric, open-label, randomised study that will include 72
participants with subpleural deposited nodules with the need for additional histological diagrostics to optimise sub-
sequent treatment These patients will be randomised imto two anms ina 1:1 ratio The interventional amm will undergo
VATS wedge resection of lung nodules marked with Fatent Blue V' and contrast agent iohexal under CT-guided
conitral. The conitral arm will undergo VATS resection withouwt prior colour ceding af the lung nodules. The feasibility
and satety of both methods will be assessed based on the evaluation of the parameters of the primary and second-
ary chjectves af the study. The safety of the methods will be monitored by recarding all related adverse evenits. All
enrolled patients will undergo a 30-day follow-up period within the framewark of clinical thal.

Results This articke reports the clinical tnal pratecal, outcome data will be published upon study completion.
Discussion The BUJERAT clinical trial affers a nowvel assessmenit of this innowvative approach for the diagnosis

and treatmient of focal lung diseases. The use of patent blue dye has been well establshed in diagnostic procedures
for breast cancer and this study extends its potential application to pulmanary indications.

Trial registration EudralT Mumber 2021-001122-22. Regestered on March 18, 2021,

Keywords Cuagnosis and treatment of focal lung diseases, Wideo-thoracoscopic resection, Patent blue, Contrast
agent iohexol, CT-guided
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Introduction

Background and rationale [6a)

Epidemiolegy and clinical relevance of subplewnal pulmonary
nodiles

Foeal lung nodules are o commaon on thoracle comguted
tomography (CT). The primary diagnostic challenge
lies in determining whether these nodules are benign or
malignant. In patients with a history of cancer, the possi-
bality of metastatic disease must be prioritised in the dif-
ferential diagnosis. By contiast, in patients without sigis
of an encological diagnesis, ncidentally detected lung
niodules ave veferred to as imcidentalomas—have a broad
apectrum of poasible aetiology. These are most requently
post-inflammatory granulomas after a healed infection,
scars, intraparenchymal lymph nodes, ete.

Currently, there are no universally blnﬂi.ng criteria for
managing these incidental nodules. However, data from
large lung cancer screening trials have provided a foun-
dation for evidence-based recommendations, aiming (o
improve the early diagnosis of lung cancer, increase sue-
vival, and reduce the socio-economic burden of advanced
disease management. To support consistent evaluation,
our study applies the Lung-EADS v1.1 criteria [1], which
inearporate lesion morphology, density, borders. cal-
cifications, and dypamic growth, while also stratifving
patients inte low- and high-risk categories.

Challenges of traditienal surgical approaches

Subplesral nodules  Subpleural nodules are often invis-
ible during surgery and can typically be detected only by
careful palpation. This requirement traditionally necessi-
tates an open therscotomy, wsually 10-20 cm in length,
to allow the surgean to locate and excise the lesion for
histelogieal assesament. While effective, thoracotomy is
asspctated with substantial morbidity, including severe
postoperative pain, frequent rib fractures, and compli-
cations related to epidural analgesia. Hospital stays and
recovery perbods are consequently prolonged, and the
risk of postoperative complications is increased [2).

(VATS) mintimally Gevasive altermabive, performed  Video-
assisted thoracoscopic surgery [VATS) provides a minimally
ivasive alternative through one to theee small (1-3 cm)
incmsons wsng a thoracoscope and endoscopic instrwments.

VATS metastasectomy has demonstrated oncological
outcomes comparable to thoracotemy [3], particularly for
amall, peripherally located lesions (=3 em) [4]. However,
VATS is limited in its ability to detect nodules 10 mm
i diameter located more than 5 mm beneath the pleu-
ral surface. In such cases, intraoperative visualisation is
often impossible without additional localisation meth-
oils, as even a marker placed only 1 mm subplearal may

Fage 2of17

remain invisible without colowr coding. If a small pulino-
nary focal lesion (<10 mm] is located more than 5 mm
from the nearest pleural surface, it is recommended to
use the method of colour marking the lesion [3].

Localisation and labelling rechnigues

The localisation and labelling of subgleucal lung nodules
is an established surgical technigue that has been suc-
cessfully utilised for many years [6]. To address these
challenges, various localisation technbgues have been
developed and validated. Established methods include
the wse of metal ooils, hook wires, and radio-opague
markers appled under CT or bronchoscopy  guid-
ance. Fluorescent and radioactive tracers have also been
employed, though these reguire specialised imaging
equipment for intraoperative detection [7].

A widely available and cost-effective solution is the use
of vital dyes, particularly methylene blue or Patent Blue
W, often combined with a radiological contrast agent.
These dyes diffuse rapidly into tisswe, creating a clearly
dermarcated area that can be easily identified intraopera-
tively, even in altered lungs [8, ¥]. The addition of a con-
trast medium enables CT-based wverification of corvect
dye placement and diffuston avound the lesion, ensuring
precice and safe resection.

Methods

Trial design {81

The BLUEPAT trial is an iovestigatos-initiated, prospec-
tive, single-centre, open-label, randomised clinical study
with a superiority framework, scheduled to commence in
March 2026, A total 72 participants with subplewral pul-
monary lesions requiring additional histological evalua-
thon to guide subsequent treatment will be enrolled. The
eligible patients will be randomised ina 1:1 ratio inte one
of two arms.

- latepvention aem (PBYV marking): Video-assisted
theracoscopie surgery (VATS) wedge resection of
lung nedules marked preopercatively with 3 combi-
nation of patent blue dye and iohesel contrast agent
under computed wmograghy (CT) guidance

— Control arm: VATS wl:'leé resection of ]u:ll._g nodules
without preogerative colour marking

The study’s primary objective 5 to assess whether
preoperative lung nodule marking with patent blue and
tohexol improves surgical feasibility and salety compared
with standard VATS vesection withowt marking.

Safety will be evaluated by recording all related
adverse events and serious adverse events. Secomd-
ary objectives include an assessment of perioperative
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parameters, complication rates, and procedural effi-
cacy. Participants will be followed for 30 days post-pro-
cedure, All data will be collected prospectively, and the
trial will be conducted in compliance with Good Clini-
cal Practice (GCP) guidelines and the Declaration of
Helsinki.

Study setting (0}

The BLUEPAT study is not yet recruiting. 1t is planned to

initiate the study in the Crech Republic o March 2026,
University Hospital 5t Anne's Brno, the coordi-

nating cestre for the study, 8 cesponsible for the

education and training of research staff, tracking partic-

ipants’ enrolment, mathematical analyais, monitoging,

pharmacovigilance, data management, and reporting of
the study.

Participant timeline {13}

The enrolment, intervention, and visits schedule are
summarised in Table 1. The duration of the study partici-
pration ina given patient is 30 days.

Eligibsility eriteria {10}

Inclusion criteria

A patient may be included in the clinical teial if they meet
all of the fellowing inclusion criteria:

L. Ape L8 yeass
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2. Subglewral deposited pulmonary nodules with the
need for further histological diagnosis, which is:

a} Localised at a depth of 0w 30 mm below the
pleura

b} Less thar 40 mum in length

¢l Subsolid with a solid component more significant
than &

dl With growth progression sccording to the Lung-
RADS eriteria (version 1.1} [1]

e} Clearly not infiltrating the parietal pleura acoord-
ing te CT examination

3. The patient must have sufficient cognitive capac-
ity and overall health status to fully comprehend the
information about elinical trial and voluntarily pro-
vide informed consent.

4. Participants of childbearing potential must agree
to the wie approved contraceptive methods for the
entire duration of the dinical trial:

a} Waemen of childbesiing potential
Muist coininit to one of the following highly reli-
able methods of contraception, used consistently
and correctly:
— Hormonal contrace ption:
- Combined hormonal contraception (oral, vaginal,
or transdermal dosage form}
— Gestagen  hormoenal contraceptives  associated
with ovulation inhibition {oral or inpectable dos-
age form)

—  Intrauterine devices:

— Mon-hormenal intrauterine device
— Hormone-releasing intrauterine device

— Permanent methods:

—  Bilateral tubal ecelesion
— Partner's confiirmed vasectomy

— (rther:
— Complete and persistent sexual abstinence

b) Men
Must commit to one of the following:

— Permanent sexual abstinence

Fagedof17

- Barrier contraceptions
— Caorrect use of a condom in any case of sexual
intercourse
- Additional note: IF the partner is not using a
highly reliable method of contraception. con-
dom uwie i mandatory throughout the trial

Exclusion eriteria

A patient will be excluded from participation in the
clinbeal teial of they meet any of the following exclucion
crileria:

1. Pregnancy or breast-feeding

2. History of hypersensitivityfallergy to patent blue oz
triphenylmethane dyes contained in medicinal prod-
ucts, food, or cosmetices

3. Hypersensitivity/allergy or history of severe adverse
peactions to lodine of lodine contiast agents (e
severe remal bmpalrment after previous administra-
thoin of iodine contrast agent]

4. Hypersensitvity/allergy to exciplents in PEV or
todine contradt agent

5. Hypersensitivity/allergy to trimecaine or other local
aniesthetics

6. Manifest hyperthyroidism or thyrotoxicosis

7. Scheduled thysold scan, thyvedd function test, of
radioledine treatment

Recruitment {15}

Recruitment of the patients 15 planned to commence in
March 1026, During the first 2 vears, all planned patients
shall be recruited. The patients will be referved within
cooperating centres in the Ceech Republic and recruited
at University Hospital 52, Anne Broo.

The patient will be informed about the study before the
surgery o by telephone, during which initial eligibalicy
for the survey will be determined, and the research staff
will explain the study protocsl and design.

Wh will take informed consent? {26a}

The study protocal, including the informed consent, and
patient information sheet were reviewed and approved
by the Institutional Review Board/Ethics Commitiee
of the participating site and by the National Regulstosy
Authority—The State Institute of Drug Control. Caly
trained and gualifed study bvestigators are suthorised
ter abtain informed consent form. The mvestigator will
provide potential participants with comprehensive ver-
bral and wratten information sheets about the study, using
the approved patient information sheet. Ample time will
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b given to review the materials and ask questions before
any decision is made.
Eligibility and process:

— In accordance with the indusion criteria, only
patients with suficient cogrative ability and decision-
making cagacity to provide informed consent may be
entolled.

= The investigator will discuss the study in detail with
the patient, ensuring full understanding of the study
purpose, procedures, potential risks, benefits, and
altermatives.

— Written informed consent will be obtained before
any atudy-specific procedures are initiated.

All procedures will comply with the principles of the
International Couneil for Harmonisation Good Clinical
Practice (ICH-GCP Ea), the Decaration of Helsinki, and
applicable national legal and ethical frameworks.

Additional consent provisions for collection and use

of participant data and biolegical specimens {26b}

A part of the informed consent will be dedicated to reus-
ing the data obtained in the proposed study to improve
the current clinical practice and to disserminate evidence-
based medicine. The study conforms to the Consolidated
Standards of Reporting Telals [CONSORT] guidelines.

Objectives {7}

We hypothesise that the wse of Patent Blue ¥ (PBV) for
precperative marking of subpleural pulmonary nodule,
followed by WATS wedge resection, will improve surgi-
cal outeomes compared with standard VATS resection
without peior PBV staining. Speciically, we expect PEV
(Patent Blee Sodium 2.5%) and contrast agent iohexol
(Omnipaque 350 mg U'ml) under CT-guided control
labelling to increase the accuracy of intraoperative locali-
sation, reduce perioperative morbidity, and improve early
postoperalive Fecovery.

This is a superiority trial comparing VATS wedge resec-
tion with and without PEV-based labelling.

To evaluate whether PEV-guided labelling of subpleural
lung nodules improves surgical feasibility and safety com-
pared with standard VATS resection without Labelling:

Composite primary objective [assessed within 30 days
post-surgery):

— Feasibality—suwecessful intraoperative localisatbon of
the tasget lesion (visualisation of the PBV-macked
area by the surgeon following CT-guided marking)

- Safety—incidence of predefined adverse events and
reactionsg of special interesy (AES]s)
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The composite endpoint will be analysed as the pro-
portion of patients in whom both conditions are met
A two-sided significance level of 0.05 will be applied.
Multiplicity arising from separate compoments of the
composite will be adjusted vsing Bonfervoni correction
in sensitivity analyses,

Secondary objectives:

1) Clinseal outeomes

— Incidence of intraoperative complications

— Ineidence of postoperative pulmonary and eardio-
vascular complications

= 30-day all-cause mortality

- Length of stay (hoapital and 1C1)

- Postoperative pain (VAS] and analgesic consump-
tion [11]

1) Feasibility and procedural performance

- Radiologist time for CT-guided marking

- lnterval from completion of marking to intreop-
erative visualisation

- Accuracy of marking (comparison of resected
specimen with CT-defined lesion size and loca-
tion)

- Oocurrence of dye spread outside the ntended
lesbon area

3) Dragnoatic yield

- Module typing sccording to Lung-RADS v1.1 [1]
and correlation with histopatholagy

- Proportion of benagn versus malignant lessons

= Module characteristics (size, subgleural depth, ana-
tomical segrment)

4) Additional safety and recovery parameters

- Postoperative chest X-ray findings
= Chest drain duration
- Total leagrh of hespitalisation

Cuteomes {12]
This is a superiority trial comparing VATS wedge resec-
tion with and without PEV-based labelling.

The aim is to evaluate whether PEV-guided labelling of
subsplevral lung nodules improves surgical feasibility and
safety compared with standard VATS resection.

Compaosite primary  endpoint  (within 30 days
post-surgery):
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«  Feasibility—successful intraoperative localisation of
the target lesion {visvalisation of the PBV-marked
area by the surgeon following CT-guided marking)

o Outcemes: concordance of radiologist CT-vigi-
bility and surgeon intraoperative visibility {radi-
ologist YES surgean YES; radielogist YES/sur-
gean NO); percentage of resections performed
it sann

« Safery—incidence of predefined adverse eveats of
special interest [AESIg)

o  Dutoonmes:

« Mild/'moderate AESIi—pneumothorax <2 cm
ot requiring drainage, non-surgical bleeding,
mild allergic reaction {rash)

« Severg/life-threatening  AESIs—paeumathorax
=21 em reguinng drainage, bleeding reguinng
surgery, pulmonary embolism, anaphylaxie

The composite endpoint will be analysed as the pro-
portion of patients in whom both feasibility and safery
criteriz are mel. A two-sided significance level of 0.05
will be applied. Multiplicity from separate components
will be adjusted i sensitivity analyses using Bonferroni
correction.

Secondary endpoints:

1) Clinseal outcomes

— Incidence of intraoperative complications (inabdl-
ity o identify lesion, bleeding. lung parenchyrmal
injury, intrathoracie injury, conversion to thoraoot-
oy

- Incidence of postoperative pulmonary and cardio-
vascular complications [reoperation, re-drainage,
secretion volume from thoracie drain in 24 b, post-
operative air leak)

— 30-day all-cause mortality

- Length of stay (hospital and IC1)

- Postoperative pain (VAS 0-10) and analgesic con-
sumption {drug, dose, interval. duration}

2} Feasibility and procedural performance

- Radiclogiss time for CT-guided marking {minutes)

- Interval between completson of marking and intra-
operative visualisation (minwbes)

- Accuracy of marking (comparison of resected spec-
imen volume with CT-defined lesion size and loca-
tioa)
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— QDecurrence of dye spread outside the intended
lesion area [pleura, mediastinum, theracic eavity)

3) Diagnostic yield

- Module dassification according to Lung-RADS v1.1
and correlation with histopathaology

- Proportion of benign v, malignant nedules

- Nodule characteristics: anatomical segment, size/
volume fem®), subpleural depth (mm)

4) Additional safety and recovery parameters

- Postoperative chest X-ray findings (immediate and
follow-up as per protocol)

- Duration of chest drain placement (days)

- Total length of hospitaliestion (days)

— Postoperative quality of Life [5F-36 questionnaire)

Assignment of interventions: allocation
Explanation for the chaice of comparators (6}

This study includes an active comparator arm to evalu-
ate the sdded value of preoperative colour coding of lung
nedules in patients umdergoing video-assisted thorsco-
scople surgery (VATS) wedge resection. Patients will be
randomised ina 1:1 rathe inbo wo arms:

= Interventional arm: VATS wedge resection of lung
nodules marked preoperatively with patent blue dye
amd the contrast agent ichexal wnder CT-guided con-
trol

- Control arm: VATS wedge resection without prior
codour coding of lung nodules

The comparator was selected to represent the current
standard surgical practice in cases where preoperative
localisation is net performed. This design enables the
direct assessment of whether colour coding improves the
accuracy, safety, and eficiency of nodule localisation and
resection, while controlling for other surgical and perio-
perative factors.

Sequence genaration [16a}

Randomisation will be performed ina ratio of 1:1 allocat-
ing participants to either the interventional arm (patent
blue dye marking, PEV] or the contral arm (no preopera-
tive lung module staining). The allocation sequence will
be computer-generated using the REDCap randomisa-
tion module hosted on the secure institutional server.
The randomisation list will be prepared in advance by an
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independent statistician who 5 not involved in patient
recruitment  of clinical mansgement. The seguence
will be generated using permuted blocks of varving
sizes to maintain allocation concealment and prevent
predicrability.

Concealment mechanism {16b]

The allocation sequence will be stored in the REDCap
randomisation database with restricted access. Randomi-
sation will be performed only after the patient’s eligibil-
ity has been confirmed and informed consent obtained.
Upon entry of the required baseline data inte REDCap,
the system will sutematically assign the participant to
one of the two study arms, ensuring immediate, con-
cealed allocation. The use of REDCap's secure web-based
platform ensures that neither investigators nor clinical
stalf can access or modify the allocation sequence prior
to randomisation.

Implementation {16¢}

The principal investigator at clisical site will enrol eligible
participants and enter baseline data into REDCap. Once
eligibility is confirmed and informed consent signed,
the REDCap randomisation module will be activated o
asagn the patient to the interventional arm or the contral
arm. In the interventional arm (PBY marking), patients
will undergn CT-guided preoperative lung nodule stain-
ing before VATS wedge resection. In the control arm,
patients will proceed directly to VATS wedge resection
without staining.

The principal investigator is responsible for:

— Screening patients aecording te inclusion and exclu-
Slady Crilers

—  Ensuring compliance with study procedures

— Documenting intraoperative and postoperative com-
plications according to the stedy protoecol

The sponsor, University Hospital St Anne's Broo, will
oversee randomisation process adhevence, perform peri-
adic audits, and verify that all allocations are genercated
and stored exclusively through the REDCap platform.

Assignment of interventions: blinding

Wha will be blinded {17a}

Blinding of surgeons and procedural stafl 12 not feasible
because the intervention (CT-guided dye marking with
Patent Blue V) produces an immediately visible intra-
aperative signal that necessarcily informs localisation
and resection; therefore, the operating team would be
umavokdably wnblinded. Participants are under general
amaesthesia during surgery, and perioperative worklows
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(radiclogy marking va. no madking) make patient blind-
ing impracticable bn routine care. Given these coi-
strainis, outcome-assessor blinding will be implemented
wherever possible to minimise bias: (i} predefined, objec-
tive endpaints [(AES]s, 30-day events, ICU hospital LOS,
re-interventions] will be extracted from source records
by staff blinded to allocation; (i) imaging (postoperative
cheat Xorays/CT) will undergo blinded central review:;
(i} pain management and discharge critecia will follow
standardised protocels; (iv) data analysts will be blinded
Lo growup codes until the primary analysis is locked. These
measures mitigate detection and performance bias in the
absence of surgical blinding.

Procedure for unblinding if needed {17b}
Mot applicable. This study is noet blinded.

Interventions

Intervention description {11a}

Patient selection phase

Patients’ suspicious pulmonary lesions are routinely eval-
uated during multidiseiplinary lung beard meetings at S0
Anne’s University Hospital Beno, a tertiary referral centre
with extensive experience in the diagnosis and manage-
ment of thoracie malignancies. The lung board indudes
board-certified thoracie surgeons, oncologises, radielo-
gists, and pulmonologists with documented expertize in
the treatment of pulmonary tumours and relaved condi-
tions. All spectalists involved have long-standing clinical
experience in this Geld and regularly manage complex
oncological cases according to national and intecnational
gusdelines,

The activities undertaken by physicians during the
clinical decision meetings will be performed within the
framework of routine clinical practice and are independ-
il of the condiuct of this dinbeal teial. Patients meeting
the indication criteria will then be ordered for admission
o the 1st Department of Surgery, Faculty of Medicine,
Masarvk University, University Hospital 56 Anne'’s Brioo.
From these patients, the investigator will select individu-
als with potential for inclusion in the study according to
the inclusion and exclusion eriteria.

Haspital admission—day 0

O the day of admission to the 15t day of the entrance,
the patient will be offered participation in the clinical
trial and interviewed by examining physicians (interven-
tional rediclegist and surgeon) who will clearly explain
the method of marking the lung nodules and surgery.
Further aspects of participation in the clinical trial and
its povential risks and benefits will be presented. I the
patient agrees o participate, written informed consent
will be obtained.
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All patients enrolled in the trial will receive treatment
i accordance with current standard clinical practice and
established guidelines for the management of suspicious
pulmonary nodules, imespective of randomisation arm.
Participation in the trial does not replace or delay indi-
cated diagnostic or therapeutic procedures but evaluates
twir accepted approaches to lesion localisation prior to
atandard surgical resection.

A pregnancy blood or urine test will be performed on
women of childbearing potential. Chin the day of admis-
st patients will be randomised into one of two arms
{1st interventional arm—PEY marking, Ind control
arm—undergoing lesion staining and subsequent resec-
tion witheut PEV marking) using the randomizerorg web
software. All patients will complete the 5F-36 question-
naire on the day of admission.

Scheduled surgery day—day 1

On the day of the planned surgery, patients from the
control arm will be transported directly to the operat-
g room, where they will undergo surgery under gen-
eral anaesthesia with selective ventilatbon in the lateral
peinsition.

In all patients in the interventional arm with colowr-
coded lung nodules, a chest CT will be performed on the
day af the planned operation, during which the moni-
tored lesions will be re-examined. In the case of multi-
ple nodules, the most suspicious and optimally bocalised
nodules will be selected by both the radiclogist and the
surgean for both marking and subsequent resection.

The patient will be positioned on a mobile CT table.
The patient’s position {e.g. lateral decubitus, prone, or
supine] will be determined based on the prior CT scan to
minimise the radiation exposure to the implanted mark-
ers and to optimise the safety and suitability of the punc-
ture access rajectory. After alignment wsing coordinate
points on the CT scan, the mjection site point will be
precisely selected, and a route to the selected subpleural
deposited area or district for subsequent resection will
be planned. The procedure occurs under aseptic cawtery
after skin disinfection, sterile masking of the operating
field, and local anaesthesia with trimecaine (mesocain 1%
in). sol). The patient will have a peripheral vein secuned
by an intravenous canmula theeughout the procediire.

Preparation of marking mixture and ity applica-
tion After applying a local ansesthetic, the radiologast
prepares an examination marking mixture on CT under
aseptic conditions. This is followed by withdrawing 1 ml
of Omunipagque 350 mg Vml solution for injection into 2
aterile syringe. He then changes the needle, takes X ml of
Patent Blue V Sodium Injection 2.5% from the ampoule,
and mixes the mixture in a syringe.
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Subsequently, a thin needle will be inserted into the
preselected part of the lungs under CT control. The nee-
dle is gradually introduced on inspiration by the step-by-
siep method, emphasising the most accurate placement
of the needle tip to the observed leston. We will pass the
needle through the plewra only when the direction of the
needle is in the intended trajectory so that the plearal leaf
is broken by only one penetration. When the needle is in
a suitable location, about 0.5 ml of the prepared mixiure
will be instilled into the pulmonary area.

A common and natural reaction to applying the mix-
ture 15 a cough. Therefore, after application of the mark-
ing mixture, the needle will be immediately withdrawn
on inspiration Lo prevent lung injury from coughing. At
the end of the marking procedure, a contral CT scan will
be performed on a short seale to clarify the distribution
of the mixture and possible complications (bleeding,
prewmothorax). The patient will then be transported
directly to the operating room accompanied by the sur-
gean for their operation. A radiclogist and surgeon will
supervise the patient throughout the procedure at the
Radiology Department. All acquired CT scans will be
stored in the PACS system.

Nodule resection The blue dye serves as an exact indi-
cation of the location of the nodule. The operator visu-
ally identifies the region marked in this way. The contrast
agent in the substance performs the task of verifving the
distribution and exact instillation of the colour mixture
on the CT image, Le. as close as possible to the site of the
observed pathology. For the conteal arm, the lesion iden-
tification will be performed palpably through surgical
instruments or by a surgeon through the surgical port.

In the operating theatre, the patient will undergo sure-
gery under general anaesthesia with selective ventila-
o in the lateral position; the operated lung will not be
ventilated during the operation. First, a thoracic camera
will be introduced into the thoracke cavity through a port
{entrance) of about 1 cm, followed by an aspect of the
thoracie cavity with visual verification of the marked area.
The marked/selected area will be wedge-shaped {extia
anatomically] and resected using endo staplers through
one or two established working ports, The operation will
be completed by checking the operating field and intro-
ducing a thoracic drain wsed to detect leakage (Ughtoness
of the lung parenchymal, restore vacuum in the thoeacic
cawity, and control the amount and nature of secretion
from the thoracic cavity. Postoperatively, the patient will
be transferred to the IO, where he will have a frst lung
X-ray 2 hoafier the operation to verify the position of the
chiest deain and check the lung parenchyma.
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Pasteperative phase—days 2-30

The patient will be hospitalised in the ICU, where a series
of contred lung X-rays will be performed. The 2nd X-ray
will be performed at the time of the reduction of the chest
suction to the 8 cm water column. The 3rd X-ray will be
performed after the extraction of the thoracie drain. The
dth image will be taken during the inspection in the out-
patient clinic during suture extraction (Tth-14th postop-
erative day)l. The patients will be hospitalised according
o standard discharge criteria (afebrile =24 b Sp0)y on
room air or baseline; pain controlled on oral meds; deain
removed or defined threshold; mobilising independently;
ni unresolved complications).

The rvesult of histological examination of the marked
area is usually available within 10 days of the operation.
It will be available and stored in the patient’s medical
records. After discharnge from the hospital by day 30, the
patient will be monitored at the clinical trial centre by the
exainining plivsicians, Day 30 ks the date of teembimation
of the patient’s participation in the clinbeal teial.

Following completion of study participation, patients
will continue to be monitored in thorscse, preumologi-
cal, or oncological outpatient clinies a5 appropriate.

Provisions for post-trial care (30}

The BLUEPAT dinical trial investigates the wse of colour
marking followed by VATS resection of lung nodules,
with the aim of reducing hospital stay, decreasing anal-
gesic requirements, enhancing patient comfort, and in
some cases accelerating diagnosss. Compared with con-
ventional thoracotomy, VATS preserves pulmonary func-
tion dusiing and after the procedure, & associated with
significantly less postoperative pain, and avoids atrophy
of the latissimus doesi muscle [7]. The method is gener-
ally well tolerated and not assockated with substantial
additional risks beyond standard VATS procedures. In
the conteel arm, patients will undergo minimally invasive
VATS resection without prior staining.

Patential risks
Possible risks for participants include:

- Allergie resctions to the stainbng agent (patent blue),
the iodine-based contrast agent (lohexol], or lecal
anaesthetics.

— Increased procedural pain despite the minimally
mvasive agprosch: this can be managed with analge-
shes.

- Eleeding into the lung parenchyema, pleweal cavity,
or chest wall following subcutaneous puncture; such
events are generally not life-threatening and can be
detected via immediate post-procedure CT wverifica-
tion.
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- Preumothorax, managed according to severity by
manual aspiration or chest drainage [12].

— Rare but serious complications such as pulmonary
enmboliem [13].

— Technical complications such as insufficient lesion
stairng, dye leskage into the pleural space, or exces-
sive Hasue staining: in such cases, conversion Lo open
tharacotomy may be necessary.

— Coughing of blue dye following  intrabronschial
administration.

= Inereased radiation exposure due to CT-guided
lescalisation.

— Rare sccurrences of infection o pneumonia. All pos-
sible adverse reactions to the investigational medici-
nal prodwct are listed in the respective Summary
Product of Characteristics for patent blue and con-
trast agent iokexol.

All participants are covered by a dedicated clini-
cal trial insurance policy. In the event that a participant
experiences teial-related harm, they will be entitled to
appropriate medical treatment and financial compensa-
tion in accordance with applicable legal and regulatosy
requirenents.

Post-trial care

All participants will continue to receive standard postop-
erative follow-up according to the clinical site’s routine
practice for thoracie swrgery patients, including moni-
toring for procedure-related complications, wound care,
pain management, and pulmonary function assessment.
Any adverse events related to the study intervention will
be treated promptly and in accordance with Good Clini-
cal Practice (GCP) and the Declaration of Helsinki. Mo
study-speciiic leng-term interventions are planned after
trial completion; however, patients will be referred back
to their treating physscian for ongoing management of
their underlving condition. Any significant findings dur-
ing follow-up will be communicated to the patsent and
their primary care or specialist team.

Strategies to improve adherence o interventions {11¢)
Training before initialisation will ensure compliance dur-
ing the whale study. If there are doubts, a chiel investiga-
tor is designated to address them.

Relevant eoncomitant care permitted ar prohibited

during the trial {11d}

Duwe to the intrapulmonary administration of the study
treatment, there are no resteictions on the concomitant
treatment of chronic diseases, acute conditions, or other
pharmacotherapy administered during the soudy.
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Criteria for discontinuing or modifying allocated
interventions {11k)
The trial participant has the right to terminate partici-
pation in this clinical trial at any time, for any reason, or
without atating it

The investigator must:

» lnstrict the evalustion bedy on the vight o eaily tee-
mination of participation

« Inform them that the termination of participa-
ton would not affect the physicians approach, the
methad of further treatment, o its quality

«  Ask them o disouss this decision with the investiga-
o in advance

« Enter in the documentation the date of early termi-
natbon of the entity’s participation and the reason, if
known

Other reasons for early termination of the entity's par-
ticipation include:

»  Allergic reaction to investigational medicinal prod-
uets

«  Mon-marking of the patent blue dye due to technical
complications

«  The exarminer's decision that further patient invalve-
ment is not in the patient’s best interests

« Persistent or repeated non-cooperation  of the
patient, or loss of contact with the patient

« Pregnancy of a patient particigating in the clinical
trial

« Terrination of the study by a decision of the sponsor
o the regulatory authority

Data collection and management

Data management {19}

The study data will be entered online in an Internet-based
database iREDCup‘*] and collected from medical records.
The stwdy stafl members will have access to the patients’
medical records. The investigators will be responsible for
screening patients, obtaining informed consent, collect-
ing atudy data, and entering it into the eCRF. The statisti-
clan will analyse the study data in cooperation with the
principal investigator. The data will be stored for 25 years
after completion of the study and then destroyed. To
promaote data quality, the eCRFs of each participant will
be reviewed by another member of the study team asg a
munitor.
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Plans for assessment and eollection of sutcomes {18a}

The study will collect deimographic and baseline charac-
teristica from medical and electronic medical records,
including age, sex, tvpe of admission, and baseline char-
acteristics such as body weight, body height, patient his-
tary, and pharmacological history, CT scans and physical
examimation results will be documented in the electronic
medical pecords and entered by the teial investigator in
the electronic case report form [eCRF).

Plans to profmote participant retention and eomplete
fallow-up {18b)
All participants will remain hospitalised after surgery
witil they meet predefined standavdiced dischasge cri-
teria le.g. adequate pain control with oral medication,
absence of fever for =24 h, sufficient respiratory func-
tion an room air or baseline support, removal or man-
agement of thoracie drains, independent mobilisation,
and absence of unresolved surgical or medical compli-
cations). Because this is a monocentric trial, in-hospital
follow-up is ensured for all participants until discharge.
After discharge, study stafl will conduct scheduled
assesaments secording to the protocol, either dur-
ing outpatient visits to capture any lale postoperative
events. The study site will maintain complete follow-up
of all participants through these measures,

T ensure maximal follow-ug, site stafl will:

« Maintain an up-to-date contact list for each partici-
pant {including secondary contacts such as family
members, if consented)

«  Schedule all follow-up visits in advance and provide
written and telephone reminders

« Use national health records, hospital information
systemd, and/or cancer reglateies [where permitted)
to obtain outcome data when direct contact is not
passible

Local standard operating procedures [SOPsp will
be developed and implemented at each site to ensure
consistency and compliance with these follow-up
reguirements.

Confidentiality (27}

All study-related information will be stored securely at
the study site. All participant information will be stored
in locked fAle cabinets in areas with limited access. All
local databases will be secured with password-pro-
teeted access systems. Forms, lists, logbooks, appoint-
ment books, and any other listings that link participant
I numbers to add wdentifying information will be
stored in a separate locked file in an area with limited
ACCERE.
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Plans for collection, labaratery evaluation, and storage

of biological specimens for genetic or molecular analysis

i this trial future use (33}

Mot applicable. In this study, no biological specimens
for genetic of molecular analvais will be collected.

Statistical methods
Sample size [14}
Design and driver endpeint. This is a twe-arm, parallel-
group superiority trial (PBY labelling vs. no labelling).
Although the primary analysis is a composive feasibil-
ity—safety endpoint at 30 days, the sample size is driven
by hospital length of stay (LOS), a key secondary end-
point for which reliable pilot data exist and which is
clinically meaningful and sensitive to the intervention.
Assumptions (two-sample comparison of means,
equal allocation) are:

«  Expected mean LOS: 6.0 days [conteal} va. 4.0 days
(PBY)

«  Mean difference (A); =20 d'.!:rn

« Common 5D (o) 20 days (pilot retrospective
cohort)

« Typel error {two-sided e): 0.01

«  Power {1 —ﬁ:—: [ER 0]

« Suandardised effect size {Cohen's o) 1.0 (A/fa=2/2)

Computation: Using a two-sample f-test framework
{eonservative for planning; analysis will use models
ag specified), the required sample s n=30 per group
{total N =al).

Artrition: Allowing for 10-20% attrition (withdeawal,
missing primary 30-day assessment, protoecol vielations
precliding analysis), the planned recruitment tasget i
N=T2 participants.

Rationale: Powering on LOS provides a feasible and
precise estimate anchored in observed variance, while
the composite primary endpoint—analysed at a=0.05
with pre-specified sensitivity and multiplicity control—
remains the principal confirmatory analysis.

Sensitivity scenarios (planning): If the true 5D were
larger (e.g. o=2.5 days), power at N=60 would be ~B4%
for A=2.0 days at a=0.01; conversely, for A=1.5 days
with =20, power would be -73% at N=60 [=B0%
with W = 76). These scenarios support the prudence of
the N="72 recrailment larget.

Analysis populations: The primary inference will use
the intention-to-treat sel; per-protecol analyses will be
performed as sensitivity checks.
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Software: Calculations were performed using stand-
ard formulae for two-sample comparizsons and will be
reproducible in RISAS; full code will be provided in the
statistical analysis repository.

Sample size re-estimation: No blinded or unblinded
sample size re-estimation is planned during the trial.

Statistical methods for primary and secondary outcomes
[20a}

The primary outcome is a composite endpoint compris-
ing (1) successiul intraoperative localisation of the PBY-
marked lesion and (i) incidence of predefined adverse
events of special interest [AESIS) within 30 days post-
surgery. The composite will be analysed as the pro-
portion of patients meeting both critecia, compared
between groups using the chi-square test (or Fisher's
exact test if expected counts are low]. Sensitivity analy-
ses will separately assess feasibility and safety com-
ponents, with multiplicity adjusted using Bonferron
correction.

Secondary outcomes include intraoperative amnd post-
operative complications, postoperative pain (VAS) and
analgesic conswmption, 10U and hospatal length of stay,
postoperative quality of life, and 30-day all-cause mortal-
ity. Continuous varkables will be assessed for normality
using the Shapiro—Wilk test and compared using Stu-
dent’s -test. Categorical variables will be analysed using
chi-square or Fisher's exact tests, as appropriate. Data
will be reported as mean 1 standard deviation (S0} for
continuous variables and as counts and percentages for
categarical variables. A two-sided p value <005 will be
considered statistically significant.

All analyses will be performed according to the inten-
tion-to-treat {ITT) prnciple, including all randomised
patients in the groups to which they were assigned.

Statistical analyses will be conducted using Statis-
tica software version 120 {StatSaflt Inc., Prague, Crech
Fepublic). Randomisation will be performed using a vali-
dated web-based tool fe.g. randomizecorg).

Interim analyses (21}
Mo interim analysis s planned.

Methods for additional analyses (e.g. subgroup analyses)
20k}
No subgroup or additional analyses are planned.
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Methaods in analysis to handle pratocol non-adherence
and any statistical methods to handle missing data [20<)}
No analysis populations are defined for this study. Pro-
tecol non-adherence will be assessed by the principal
investigator case by case. Patlents with major prodocol
deviations will be excluded from the analysis,

Mlhing data are not planned to be imputed. Howewver,
it the event of substantial missing data for any parame-
ter, a sensitivity analysis using any method of imputation
could also be used.

Plans to give access to the full protecol, participant-level
diata, and statistical code {31}

In compliance with Regulation (ELY) Mo, 53602014 an
clinical trials, all clinical trial data will be svored for
a minimum of 25 years after trial completion. A fully
anonymised datacet, together with the statistical code,
will be deposited in the Institutional Repository of 54
Annes University Hospital Broo, Archiving and access
will follow national legislation, Good Clinical Practice
(GCP), and institutional S0Ps.

Access o anonymised participant-level data, the statis-
tical code, and the full protocal will be made available for
non-commercial scientific research purposes upon justi-
fied request. Interested researchers may submit a formal
application to the corresponding author and spansor. All
requests will be reviewed by the trial steering commitiee
o ensure compliance with ethical standards, applicable
regulations, and data protection requiremenis.

Ovwersight and monitoring

Camposition of the coordinating centre and trial steering
committee {5dj

Not applicable. Mo coordinating centre or a trial steering
committee will be established.

Composition of the data monitoring committee, its role
and reporting structure [21a}

The an-site monitoving of the study conduct 15 regularly
performed throughout the study period to assess the
aecuracy and completeness of the data. The study site
may be subject to a quality assurance visit. IF so, the sive
will be contscted in advance to organise a monitorng
visat. The investigator will ensare divect access to all study
documents for quality assurance monitors.

Adwverse event reporting and harms {22}

Definition

Adverse event (AE): Ay untoward medical acourrence
i a trial participant, rrespective of whether it has a
causal relationship with the intervention. This includes
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new symptoms, signs, illnesses, or clinically significant
abnormal laboratory findings.

Serious adverse event [SAEl: An AE that resulis in
death, is life-threatening, requires inpatient hospitalisa-
tion or prolengation of existing hospitalisaibon, results in
persistent ar significant disability/incapacity, or any other
medically important condition that may require inter-
vention to prevent one of the above outcomes.

Importantly, any adverse events occurrng intraopera-
tively will be immediately managed according to current
standard clinical practice and institutional surgical and
anesthessological protocols, ensuring patient safety at all
times, Participation in the irial does not modify or delay
the implementation of established emergency or thera-
peutic procedures.

Adverse events of special interest (AESIs)
Given the intervention, specific safety events are prede-
fined as AESLs:

- Moderate AESls: pneumothorax <2 om not reguiring
drainage, non-surgical bleeding, mild allergic reac-
tson {rash)

- Severelife-threatening AESLs: preumothorax =2 cm
requiring drainage, bleeding requiring surgery, pul-
monary embaolism, anaphylaxis

Recording and reporting procedures

All AEs and SAEs will be documented in the electronic
case report form (eCRF), incleding onset, duration,
severily, serousness, outeome, and assessment of causal-
ity in relation to the investigational intervention.

SAEs and AESIs must be reported by the investigator to
the sponsor within 24 b oof becoming aware of the event.

Mon-serious AEs will be recorded in the eCRF and
summarised in aggregated form i the clinical study
report.

The sponsor will be responsible for reporting suspected
uumxper:leri seriows adverse reactions [SUSARS) via the
Clinical Trials Information System [CTIS) in accordance
with EU Clinical Trial E.EEIJIE[II.'III (EL Ma. 53&/2014)
requirements  (fatal/life-threatening  SUSARs  within
7 d.ap; other SUSARS within 15 da].':.}.

All participants experiencing an AE/SAE will be fol-
lowed unitil resolution, stabilisation, or determination of
a non-study related canse.

Analysis of adverse events

Safery analyses will be conducted on all randomiged
patients who undergo at least one study-related pro-
cedure (safety population). AEs will be coded using the
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latest version of the Medical Dictionary for Regulatory
Activities (MedDRA).
Adverse events will be summarised by:

— Treatment arm

- System organ class and preferred term

— Severity (mild, moderate, severe)

— Relatonship to study intervention (related. possibly
related, unrelated)

— Serfousness

The incidence proportion of patients experiencing at
least one AE, SAE, or AESI will be compared descrip-
tively between study arms. Where appropriate, compara-
tive analyses fe.g. chi-sguare or Fisher's exact test) will
be performed to evaluate differences in safiety ouloomes
Between groups. Mo formal hypothesis testing for safety
endpoints is planned unless otherwise specified in the
statistical analysis plan.

Reporting and handling of deaths
All deaths occurring during the study period, regardless

of cawsality, will be recorded as SAEs.
For each death, the following will be documented:

- Date of death

—  Prirnary cause of death

- Contributing factors

- Assessment of relaticnship to the investigational
intervention

- Availability of supperting documentation {e.g. medi-
cal records, imaging, autopsy report if applicable)

If a death qualifies as a suspected unexpected serious
adverse reaction (SUSAR), it will be reported via CTIS
within 7 days in aceordance with EU Clinical Trial Regu-
lation [EU Mo, 536/2004), with follow-up information
submitted within an additional 8 days.

Deaths will be incleded in the safety analysis and
reported transparently in the Anal clinical study report,
ineluding a narrative summary when appropriate.

Owversight

The trial s monocentric, with hospitalised patients
manitored daily during the perioperative period until
discharge [minimum 10 days post-surgery). This setup
minimises the risk of missed safety events. The principal
investigator has peimary cesponsibility for SAE asseds-
ment, while the sponsor ensures compliance with Good
Cliical Practice (GCP), safety reporting regulations, and
archiving regquirements.
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Frequency and plans for auditing trial conduct {23}

Trial conduct will be subject to independent andit-
ing to ensure compliance with Good Clinical Practice
(GCPL the approved protocol, and applicable regulatory
requiréments.

+ Scope: Audits will include verification of data integ-
vity (gource data verification, consistency between
source and eCRF], informed consent procedures,
adherence to eligibility ceiteria, SAE/SUSAR repoit-
ing, and everall trial conduct.

«  Institutional audit: The [nstitutional Ethics Commit-
tee will audit the study annwally throughout its dura-
thon. These audits ave fully independent of the inves-
thgator and sposaod

+  Sponser aedit: In addition, the sponsor will organise
at least one intermal audit per study to verify adher-
ence to protocol-defined procedures and data man-
agement standards.

Documentation: All audit findings will be documented
it formal audit reports, and corrective/ preventive actions
will be tracked until resolution.

Research ethics approval {24)

This protocel and the template informed consent form
were reviewed and approved by the Ethical Commit-
tee of the University Hospital 56 Anne's Beno {Febru-
ary 2, W19} with respect to the sclentific content and
compliance with applicable research and human subject
regulations.

Plans for communicating important protecel amendments
to relevant parties (e.q. trial participants, ethical
committees) {25]

Any modifications to the study protocoel that may impact
trial conduwct, participant safety, or the scientific valid-
ity of the results will be formally documented as proto-
col amendments. All amendments will be submitted for
review and approval to the Institutional Ethics Commit-
tee and the Mational [hug Agency prior Lo implementa-
ton. In addition, any apgroved changes will be updated
in the relevant clinical teial registey in accordance with
regulatory requirements.

Dissernination plans {31a}

The results of this clinical treial will be submitted for pub-
lication in a peer-reviewed international medical pournal,
regardless of the outeome. Findings will also be presented
at relevant scientific and clinical conferences, In accord-
ance with Regulatson (EU} Neo.o 536/2014, sumumary
pesults including lay sumimary for participants and public
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will be uploaded to the EU Clinical Trials Information
Systemn (CT15) within the required timelines.

Discussion

Low-dose CT screening of high-risk adulis (55-74 years
with a heavy smoking history], as established by the US
Wational Lung Screening Trial (NLST) reduces lung
cancer mortality by 20% wersus chest radiography and
is associated with a high rate of positive screens (24.2%
across three rounds), most of which are false positives
(96.4%] [14]. The introduction of a national pilot screen-
ing program using low-dose CT in the Czech Republic for
individuals aged 55-74 years with a history of smoking
has markedly increased the detection of small subpleural
pulmonary nodules requiring histological verification.
I owr cohart, 66.2% of nodules measured <10 mm, and
21.6% were classified as subsolid or pure ground-glass
opacities [GGOs]—lesion types that are particulardy dif-
ficult to bdentify intraoperatively [15]. While CT or posi-
tron emisason tanography (PET) CT remain the primary
trols for malignancy risk assessment, wsing established
criteria such as the Fleischner classification (size, mar-
gins, density, and growth dymamics), imaging alone can-
ot provide a definitive diagnesis [16]. Conseguently,
reliable and minimally bwvasive localisation methods
prioe o resection are essential (o ensure both diagnostic
accuracy and surgical precision [17].

Intraoperative challenges

Subpleural nodules are frequently invisible and non-
palpable during minimally invasive surgery [18]. In our
series, B3% of nodules would not have been detectable
intracperatively without marking, underscoring the lim-
ited value of tectile feedback during VATS [15]. GGOs
and subsolid lesions, owing to their similar consistency to
novmal parenchyena, are pacticularly challenging. Histor-
wcally, these difficulties often necessitated conversion to
apen theracotomy, thereby compromising the advantages
of minimally invasive surgery.

VATS and the need for localisation
WATS has become a well-establiched altermative to thora-
cotamy, offering reduced postoperative pain, shoster hos-
pitalisation, and improved cosmetic outcomes [19, 20].
However, its success critically depends on the preopera-
tive localisation of small or deep nodules. Without image-
guided marking, comversion rates o thoracotomy have
been reported as high ag 83% [5]. In owr previous imsti-
wtional experience, retrospectively collected data from
a pilot cohort suggested a low conversion rate (3.3%) in
patients undergoing preoperative localization [15].
However, these findings were derived from a non-ran-
domised, retrospective analysis and are therefore subject
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to inherent methodological limitations and potential
selection blas. The present randomised controlled trial
has been designed to prospectively evaluate and confirm
whether preoperative marking strategies reduce con-
version rates and improve surgical outcomes compared
with standard localisation approaches under controlled
conditions.

Alternative localisation technigues

Numerous localisation methods have been explored, yet
none i ideal. Compared with PBY, intraoperative ultra-
sound provides real-time visualisation but is technically
demanding and less reproducible in a collapsed lung.
making it less feasible in routine VATS practice [21]. CT-
guided wire or coil placement achieves similar localisa-
tion accuracy to PEY but with a higher incadence of
prewmothorax and marker dislodgement, and requires
mare complex coordination with radiology teams [7, 10,
22, 13]. While radiotracer and fluorescent dye technigques
provide comparable precision, they are less practical than
PFBY due to dependence on nudear medicine infrastruc-
ture and specialised detection devices [24). Comparative
evidence among these technbgues is limited, and divect
head-to-head analyses remain scarce, leaving the aptimal
approach undetermined.

PBV localisation

PEY dye marking has recently emerged as a simple, inex-
pensive, and visually effective alternative [25-27). Unlike
metallic markers, PBV avoids mechanical complications,
and wnlike radiotracers or fleorescent agents, it requires
no specialised detection devices [28, 29]. In our previous
iratitutional experience, retrospectively collected data
from a pilot cohort suggested 2 high localisation success
rate [96.7%) with a low complication rate [8.3%). These
findings were consistent with retrospective series report-
ing success rates of 94—100% [25-27, 30, 51] but, in con-
trast o thede studies, our prospective design provides
stronger evidence by minimising reposting bias and sys-
tematically capturing complications. However, such stud-
tes were predominantly retrospective and may have been
influenced by selection and reporting biases, includ-
ing the exclusion of technically challenging nodules and
inconsistent decumentation of complications [15].

The present prospective randomised trial has been
designed to rigorously evaluate the feasibility, safety, and
clinical impact of PBV marking under controlled con-
ditions. By systematically capluring consecutive cases,
including subsolid and deep lesions, and prospectively
recording complications and downstream surgacal out-
comes, this study aims te provide higher-gquality evidence
regarding localisation sweccess, conversion rates, margin
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status, and procedural workflow compared with standard
approaches.

Clinical implications
Reliable preoperative localisation has several key clini-
cal implications: it may facilitate complete resection with
negative maiging, reduce conversion rates, and atream-
line surgical workflow. In our previous institutienal expe-
rience, retrospectively collected pilot data indicated a 0%
rate of positive resection marging in patients undergoing
PEV marking. These hndings were consistent with priog
retraapective PEY studses reporting positive margin rates
of 0-3%, and appeared favourable compared with coll-
or wire-based technigues, which have reported positive
marging i up o 10% of cases. However, these compari-
son are based primarily on non-randomised data and
iy be influenced by selection and reporting biases.
Therefore, the present prospective randomised trial has
been designed to formally evaluate whether PBV localisa-
tion inproves surgical outcomes, including margin status
and corversion rates, compared with standard lecalisa-
tion appraaches. PEV represents a potentially pragmatic
balance between accuracy, safety, and procedural sim-
plicity. Unlike wire- or coil-based localisation, PEY does
not require lusrsscopy or hardware removal, which may
reduce procedural complexity and associated rigks. Com-
pared with ultrasound or radiotracer-based technigues,
PBY may be simpler to implement and more accessible
e centres without advanced imaging o nucleas medicane
facilitbes. Its relatively low cost and minimal equipment
requirernents make it a potentially attractive option for
broader clinical adoption, pending confirmation through
high-quality prospe ctive evidence.

Future directions

Drespite these encouraging results, evidence support-
ing PBV remains limited to retrospective cohort analy-
sis from one hoapital experiences. The absence of large,
prospective trlals restricts definitive conclusions regard-
ing its generalisability. Future research should focus on
standardising the injection protocol (volume, timing, and
depth), assessing inter-operator variability, and evaluat-
ing long-term outcomes such as recurrence rales, sur-
gical efficiency, and cost-effectiveness compared with
alternative localisation strategies.

Trial status

Protocol version 1.0, dated 15 May 2021. The recruitment
s planned from March 2026, Seventy-two patients have
e be recruited by the end of December 2026, Comple-
tion af the follow-up is anticipated in July 2027,
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7.8 Annex 8

Suk P, Rychlickova J, Souckova L, Kubickova V, Urbanek K. Changes of colistin pharma-
cokinetics in critically ill patients due to the extracorporeal membrane oxygenation: proto-
col for the COL-ECMOQ2022 trial - a prospective, non-randomised, open-label phase 1V
pharmacokinetic clinical trial. BMJ Open. 2023 Jul 30;13(7):e071649. doi:
10.1136/bmjopen-2023-071649. PMID: 37518089; PMCID: PMC10387630.

Summary

Purpose:

The aim of this study is to evaluate the impact of extracorporeal membrane oxygenation
(ECMO) on the pharmacokinetics of colistin and its prodrug colistimethanesulfonate in
critically ill patients. This research addresses a clinically important issue, as colistin is of-
ten used as a last-resort antibiotic for multidrug-resistant infections, and ECMO may sig-
nificantly alter drug disposition and therapeutic effectiveness.

Methodology:

The study is designed as a prospective, non-randomised, single-centre phase IV pharmaco-
kinetic clinical trial, enrolling up to 30 critically ill adult patients receiving intravenous
colistin. Patients are stratified based on the presence or absence of ECMO, and plasma
concentrations of colistin and its prodrug are measured using high-performance liquid
chromatography—mass spectrometry, followed by population pharmacokinetic modelling
to assess ECMO-related effects.

Results:

As a protocol publication, the study primarily defines a detailed methodological frame-
work, including sampling strategy, pharmacokinetic endpoints, and modelling approaches.
It highlights anticipated challenges such as high interindividual variability, altered drug
distribution due to ECMO circuits, and the need to define clinically significant differences
in drug exposure.

Conclusion:

The COL-ECMO02022 trial is expected to provide important evidence on optimal dosing
strategies of colistin in critically ill patients undergoing ECMO support. The study exem-
plifies how investigator-initiated trials can generate essential pharmacological data in com-
plex clinical settings that are not typically addressed by commercial research.
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Open access Protocol

Changes of colistin pharmacokinetics in
critically ill patients due to the
extracorporeal membrane oxygenation:
protocol for the COL-ECMO2022 trial -
a prospective, non-randomised, open-
label phase IV pharmacokinetic

BM) Open

23130071643, tok:10.1136/
Dmjnpen-2023-071648

clinical trial

Pavel Suk,'* Jitka Rychlitkova
Karel Urbanek®

ABSTRACT

Introduction Colistin is a lipopaptide antibiotic
administerad as an inactive prodnug—colistn
methanesufionate (CMS). Colistin &= a dneg with a

o therapeutic window; the Emiting factors are
mainly naphrotoxicity and neurotxicity, dependent

on plasma concantrations. The number of patients

with infections caused by multidnug-ressstant Gram-
negative bacteria sensitive only to colistin and the
mumber of patients requiring exiracorporeal membrane
coeygenation (ECMO) support for severe respiratory
failure increased significantly in association with
COMD-19-indiscad infections. ECMO can genarally
affect the pharmacolanetics of drugs by creating a new
compariment.

Methods and analysis The COL-ECMOI2022 study is

3 prospective, non-randomised, single-centre, phase

N pharmacokinetic clinical frial designed io assess the
influenca of ECMO on the pharmacokinetics of colistin
and CMS. Up to 30 patients trested with colistin will ba
included in the study and assigned to one of bwo ams,
depanding on the presenca/sheence of ECMO. All study
perticipants will receive standard CMS dose infravenously,
The plasma concentrations of colistin and CMS taken =t
defined intervals will be zssessed by high-performancs
liqid chromatography-mass spectrometry. Patients will
participai in the dinical frisl for a maximum of thres
maonitored dcsing intervals. A populstion pharmacokinetic
model will be developed o sssess the influence of ECMO
on pharmacokinetics. A difference grester than 25% is
conzidered clinically significant.

by the Ethics Committes of 5t. Anne's University Hospital
Bma {Mumber 10ML2022-AM). Related manuscripts wil
e submitied to peer-review joumals.

Trial registration numbers EudraCT Mumber
2022-000291-18; NCTDS542446.

# Lenka Soutkova, ™ Vendula Kubitkova,®

STRENGTHS AND LIMITATIONS OF THIS STUDY

= COL-ECMO20Z2 iz a prospactive, non-randomised,
open-labal phase [V pharmecoknsetic shudy.

=+ (Dl critically il patients with and without extracor-
poreal membrane owygenation [ECMO) will be re-
cruited io provide information on this population, for
which data on colistin phamacokinetics is limited.

=+ A mximum of three moniored dosing intervals ane
et for each subject to monitor trends in- plasma
concenirations ower 8 more extended period of time
and o [imik the burden on subjects.

=+ The prmary outcome is to assess the impact of
ECMD on colistin pharmacokinatica.

=+ M imited sampling strateqy of four samples par in-

ferval is a limitation of this study.

INTRODUCTION
The number of patdents requiring exwracor-
poreal membrane oxygenation (ECMO) for
severe respiratory failure increased signifi-
cantly during the COVID-19 pandemic. Most
of these patients require long-term intensive
care with the need for repeated antibiotc
wreament. These faciors lead w a higher
frequency of infections with mulddrug-
resistant  Gram-negative bacteria  sensitive
only o colistin.

ECMO circuits generally represent an
additonal  pharmacokinetic  compartment

that increases the volume of distributon of

drugs and may also affect their dearance
by adsorption of the drug on the circuit
surface.! This phenomenon is determined by
the lipophilicity of the drug and its binding
o plasma proteins, but the material of the

SukcP, ot 3l BV Open 2023 13:007 1682, dol: 10,71 28/ mjopen-2023-071 640 1
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ECMO civeuit components o their surface modilication
also have an influence.

Based on their chemical characteristics, the illL'HI:I'J-
von of colistin, or s prodoug, o the surface of the
F{.!I-[‘.} ':i.ll. |.|.i|. Aeeims ll:llik!']:l'. 1".1'11' are '-1'|:| I.illlill.'l.l.
data on the actual effect of ECMO on colistin phar-
Illullilkil“'li.l..\-.z 1 Nl'\!'lllll']l'ﬁh. ':'J“.\-li:l. Eli]:‘(?l]][i(!ll (4148
polvsullone dialvsis membranes has been previowsly
!JLthiH]H'!]..‘
antibhotie  administered

Colistin s a lipopeptide

as an inactive  prodoog—oceolistin methanesulfonae
(CMSY. Bioactsvation of the pl.lrl:ill.l.g I No-enEvinand
antimicrobial agent with a
concentration-dependent and  tme-dependent  effect,

where  the mrget  pharmacokinetc-pharmacodynamie

b lydrolysis. Colistin 15 ag

!Jul.l'allll.l.'[!'] i:1 Llll.' «{drea |.|.||1]1'1 llll.' IJI“,«“I“ Concenira-
ton curve (ALUC). The arger 24-hour steady-state AUC

(ALC, ) s approsimately S0 mg=hour /L, which corre-

h|HIIII.L'r Ly 1 .'l-||.'.|.1]'|"'.'r|.|.||.' s |]IHMIIH CONCeniraien lil.

approximately (G, ) Zmg/L Colistin 15 a diag with
AR RS llll'lill.".'l.l.lii “i.ll.ll.ln'«'. -I.ll.l.' Illllilillf‘ i'al': Lai'a kie
mainly nephrotoxiciy. and newrotoxiciy, both depen-
|.|.|.'l|.|. an I.lli.‘hlll“ q '::lll.l.!':]'ll'al.li'::lllh. ﬂl” II I'|l I'III lL'I.Hll[!":! |l|.||.|
the minimum plasma conceniralinn e 0 ol 242my /L

at the end of l'il.'lill.l’\'. :1'5[:|.'|.1iw'|:r. A3 mg/Loon 1]'.1:. Tol

colistin therapy is predictive for the development of acute
renal failure.”
The esumation of the colistin AUC is complicated by

several factors. The st is the rave of bioactivation of

[]JE' ]JI':Jl.I.l.l.l.H'. 1'|'Ili.|.|| Lan vary i.ll.l.l.'l:lll.l.i.\i.ll.l.l.'.ll]:-. 1:||.'['I'¢'|.'|.'l|.
prosucts of variows manufaciurers, or even in baches

- ¥ . . .
ol one manulacirer. I‘]J!' S (JII.I.I. s 1|I1' \L‘ILIIIFI]I['I' m

the vme o masimwm plasma concentation (T b of

lil]i.hlill.. \\'Ili( II 1]1"]1'“1]5 il 'Jll.l'\' On llll.' rabe 1|E [SERFLR S B
sion of CM3 o colistin but also on the rate of elimination
of CME. Clearance of CMS s dependent on creatinine
[ Ii"al] e, ‘1’]]1'1] L |1"a||i||i||1' 8 Ii"al! dnoe 1]1": PSS, 1ore
CMS s converted wo colistin, The excreton of colistin s
el ILLII:I ':!l.'hl. 1 i1:||.'|.|.: II'J“ eRer, hii"ll.il.-l.l. Anl 1||1:".|.|'a|| FOS0r IJ'
toen was reported. The pharmacokinetics of colistin in
(S} ili‘ “I.I.:a i.I.I I.Knllii'lll.\‘ Il'al'\'l.' IH'1'|| 1]1':". lilH":i {11] ':il.'[“ll. i.ll.
several sondjes 41

Because of the considerable heterogeneiny of the

pharmacokinete parameters of colistin and the lack of

a reliable population kinete model, it s appropriate o
wse muluple samplings duving a siogle dosing nterval
o caleulate the AUC, This, wgether with the determina-
ten of the plasma concentration of the prodoug at the
corresponding times, will give a beter idea of the plasma
concentration prafile of both substances and improve the
estimation of the colisun AUC. By comparing the achieved
plasma concentrations of colistin and CMS in patents
with and without ECMO, we can then estimate the pres-
ence and quantily the extent of adsorption of both agenis

1o the ECMO circuit material or other Processes inluced

by the ECMO cireuit.

STUDY DBJECTIVES
The objecuve of this phase IV pharmacokineue wial s w
assess the influence of ECMO on the p-||:.|:|:|||..|.|. akinetics
of colistin and CMS in criteally i aduls and w propose
dosing guidance.

METHODS

Trial design

The COL-ECMO2022 ks an iovestigator-ininated rial.
The COL-ECMOZ2022 choical wial s a prospective,
non-randomised,  open-label, single-centre, phase IV
pharmacokinetc clinical il that has been saced i
Seprember 2022, The COL-ECMO2022 spudy plans 1w
imclude 30 partcipants with or withouwr ECMO support
receiving CMS a8 part of the standard medical care.
The indication, dosage and duration of colistin admin-

ration are, therefore, entirely within the discreton of
the atending physician. These study participants will be
eonsecutively assigned o two groups undl the planned
number of partcipants: ECMO and non-ECMCY, inoa 161
ratn depending on their actual need Goe ECMO suppornt.
Boah groups ave treated by intavenows CMS an standard,
approved dosing. The influence of ECMO on CMS and
colisin pharmacokinetics will be assessed by comparing
the pharmacokinete endpoints of the study, Soudy
subjects will participate in the clinical wial for up o three
maonitored CMS dosing intervals

Study setting

The prncipal wsesigator and S6 Anne's University
Hospital Brow, the comrdinating and only recruiting
centre for the study, are responsible for the education
aned wraiming of research sall, wacking  participans’
enralment, mathemancal analvas, monitoring, pharm-
covigilance, data management and reporting of the study.

Drepartment of Pharmacelogy, Faculty of Medicie and
Dentistry, Palacky University in Obvncue, s responsilde
lor ||||'.'||.il.|.li1.'|.' and l:l'.L.I.IIlil.I.li'\'I.' analvais of colisnn and
CMS in bood samples by liquid chromatograply and
Tklss speciiomelry (LC-MS) determination.

Creatinine clearance [rom urine collection reflecting
the observed interval{s) after colisun administeation will
be determined by the Depariment of Clinical Biochem-
:Ihl.l.:\.. SL Amies l'lliw'mi.l:. |[l.m]1i.l:|| B

Study population

Inclusion crilesia

All consecutive patients will be included in the clinical

wrial if they meet all of the following critena:

L. Age z18 vears.

2. .‘I-[l.'ll ||.||1] wWaoanen l:'l'u'i.l.ll il |I|.'R“E1'| LS !JLL'E.I:IILL :l lesl I.H i‘ll
o study enrolment in women of childbesanng poen-
tal).

3. Hospitalised at the Depariment of Amaesthesiology and
[ll.l.l.'llhi'\'l.' {:ill. e, Fﬂ .'IIIJIJQ'I.\- lll:l.i\'l.'l..'b:ﬂ:u' EI(J’«IJI]“] Hl EhCh.

4. Indicaton for parenteral colistiin {administered as
CMS) asa prart ol standard meedical care, thar is, in -
tients with severe bacterial infection.

Suk P el s B Open 0231 3071840, dok 10,1138 Bmjapen-200-07 1849
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A Informed consent was given. In uneonscious }mlir::ﬂn,
the sowdy investigator will decide whether w include
the patent in the study considenng all individual sisks.

Additional inclugion criterion
For soine p:.|1i1':|:|1:1 l:].‘r frt L i.pc.lllln I.':ILI.H'I.“'!]:I. i addinoin
o all the eriteria listed in the Inclusion crteria section,
thie following inclusion criterion i provided:

1. ECMO support s needed as part of standard therapy
fosr severe respiratory Fulure.

Exclusion criteria

A patient must not be incleded in e clanical wial if he

hl“' meels “ll:- ”'i 1]]1' E':JII':J“'JIIR (&} i11'| i“:

]. ]’ll'!llilll.l.:l'.

2 Breast Teeding.

3. Refusal we give informed consent {primarily or after
regaining consclousness) .

Who will take informed consent?

The svudy prowocol, incloding the informed consent, was
reviewed and approved by the Instoional Revew Board
of the sie (Ethics Commites of 5t Anne's Universin
Hespital Broog amd by the Natonal Regulatory Authorin
(MWERA)Y (The State Instine of Drag Contral). A wained
study investigator descrilwes the soudy o patients. Panents
will recenve written information about the study as well
(see online data supplemental 1), The invesugator will
discuss with patients the design and characteristics of the
a.ll.u]:r. ]Jull.'l:l.li..l.| l|:l|.'|:|.|.'l-|.ls... anul rigks based on the wreitten
informanon provided w the paricipant. The investgaror
obitains wiitten informed consent feoan patients willing
s parbcipate in the wial. I a pagent is unable w give
informed consent due 1w his/her medical condinon (eg,
(TR I LTS (N CTTTECo ]J:Ih_-"lli'l ability o }x.lﬂi-:'i.}x.m' i the
studdy will be assessed by the nvestigator, In this case. the
Ethics Committee of SE Anne's University Hospatal Broo
will be anformed of the patient’s inclusion, The investi-
gator will ask stndy participants in whom good qualin
consciolaness is restored 1o give subsequent nformed
consent without unresonable delay.

Sample size
We I:l|..|.|| 1o inclwde 15 5I1J|.|.5. }x.|:|1i-:'i}x.|:|:|1:1 in each FARELE ]
(ECMO and non-ECMO0.

The sample size is difficult o caleulate due to the sigoi-
want variation of pharmacokinelic parameters among
published studies, the unknown effect of ECMO on phar-
macokinetics, and unkoown interindivadual variabilin

If, at the twme of 1-::!||||J]-e'1i-::l|| ol rhue !:ll.|.|:|.|:|.|.'||. reEcTul-
ment, a large number of patents has been monitored

for only one interval or there s a high frequency of

deviations from the sampling proweol, or sample loss/
damage 15 detected, the plan s o increase the sonple
size or even extend the overall siudy duration. On the
other hand, colistin is a reserve and relatvely twosic ani-
biote. Therefore, there i only a limited number of sui-
able patients.

Open access

Interventions
The commencemaent of colisun therapy is the respon-
sillity of an awending physician. Colisun will be given
as CMS intray |.'|m||:1|.5. via the central venous catheter at
the approved dosage: a loading dose of O milllon ner-
matenal units (MIU over 30min Tollowed 11:\. a minte
nance dose of 4.5 MIU over 30 every 12 howrs. There
15 o protecol for dose reduction in patients with impaired
renal [uncien, incleding panents weated with inermie-
tent haemodialysis. The dosing bnterval s reduced 1w
Ahours, and the loading dose s inereased w 12 MILU in
patents requiring contnucus renal replacement therapy
(CRRET). The dosage surictly follows the local guideline
pe IJI.HJM.'II.'::II:I. the international |.:1Ji.||.1'|:|:|:|<'5." " The [rrCaC al
for colisun dosage applicable ar the sody sive is o online
data supplemental 2: Colistin dosage local protocal.

The diagram presenting the course of the sdy s
depicted in figure 1.

Wisit 1: scraening: patiant selection phase

Patients meetung the inclusion criteria will be screened it
nol meetng any of the exclusion criteria. A unne preg-
nancy test will be performed on women of chibdbearing
]Jl.l-ll.'l:l.li..l.|. The pc.|1i<':|:|1 will be alfered it L4 :Il:lul.liu:l:l L]
the clinical wial and interviewed by the investigaton, who
lear |:|' L'x]Jl:lilm the prurpose, design, benefis and rsks of
the wial If the patent agrees o participate in the olin-
eal trial, he Sshe will give informed consent. Alter signing
the informed consent form, the patients will be vecromed
for this stwdy and disabuted o ECMO or non-ECAWO
groups according to ter actial need For ECMO suppaor.
Fou patients unalde to give informed consent
informed consent will be signed by the investigator

Wisit 2 (visils 3 and 4 if colistin therapy cantinues):
pharmacokingtics (blood samplas collectbon)

Arotal of four (three in case of CRRT) blood samples will
be taken during each monitored dosing interval. Based on
the bloaod H.I.II:I]JI.I.' valume al Sml., up Lo Sl of Bood
will be drawn from the patent per monitored dosing
anterval. The vming of bood cumples i3 summansed in
figrure 2.

Blood samples will be taken oo the anervial cath-
eter, routinely placed in cnncally il patients in intensive
care unil. This will manimise blosd los and requires
no further interference with the plysical imegrity of
enralled patients. The sample tming is precisely defined
according to the start of the CMS infusion. A 12-hous
urbive collection wall be performed dusing the moniored
dosing interval to determine the creatinine clearance.

Elocd sarmples will be preanalytically processed {centril-
uganon, reedng and storng sepacated plasma an-80°C).

The last blood .v.'|:|||.|.r|<' collection in the third maoni-
tored mterval is the Lase intervention in the soedy for an
ancividual patent and 15 the tme of terminaton of the
patent’s partcipation in the clinical wial. Thas last inter-
venton cormesponds with blood sonpling at 7 howrs and
Sl inin after startiing CMS nluston in CRET patkents and

Sul P, ol B Qo 2025036071 849, doi: 101136 bmjngen-2023 -7 1649
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Screening (inclusion and exclusion crteria) |

¥ v
[ with ECMOsupport | | without ECMO support |
' +

Optional. CMS intravenous administration

{one ar maore unmonitored intervals)
! +

l

CMS intravenous administration (15 monitored interval) |

L L

l

Blood sampling. Creatinine clearance. ]

*
CMS intravenous adinistration (one of more unmonitared
intervals)

¥ ¥

CMS intravenous administration (2™ monitored interval) |

v v

Blood sampling. Creatinine clearance. |

*

*
CMS intravenous administration (one or maore unmonitored
intervals)

¥ *

CMS intravenous administration (3% monitored interval) |

¥ L

Blood sampling. Creatinine clearance. |

¥ ¥

End of study |

*
CMS intravenous administration (one or more unmonitored
intervals)

Figuwre 1 Trial schemna for COL-ECMO2022 study. CMS, colistn methanesulfonate; ECMO, extracorporeal membrane

oxygenation.

Patients without CRRT

o

I T I[o]

30 min 2 hours B hours 11 hours

50 min

Patients with CRRT

o]

T e

30 min 2 hours T hours

50 min

pajegau 535N Joj Buspnjaul wiﬂ pajaaiold
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Figure 2 Blood sampling schedule for COL-ECMO2022 study. Amows Indicate béood sampling time points. SART, continuous
renal replacement therapy; D, administration of CMS dose a3 a 30min Intravenous nfusion.
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Table 1 Participant timeline for COL-ECMO2022 study
Wisit 1 Wisit 2 WVisit 3* Wisit 4*
Screening  First monitored  Second monitored  Third monstoned

Interval Interval Irterval

Incluslonfexclussan critaria =

Urime pregnancy test in women of childbearing potential X

Informed conaent =

CMS intravenous sdministratan over 30min x x x

Pharmacokinetic blood samplea x x x

12-hour urine colection for creatinine clearancet x x x

“Only if CMS therapy continues [ppticnal visil], maximum of three dosing intervals per subject.

tinly in a patient with urine autput of more than SO0 mL per day.

CMS, colistin methanesulfonate.

at 11 howrs and B0min afver strting CMS infusion in pharmacokinetic parameters: - T T S ALC N,

E:l.l.lil'lll.\ without CRRT. CMS I||v|'|.|]1:. Can Comliniee.

Participant timeline
The enrolment,
summarised in table 1. The duration of e stiudy parici-

imtervention  and  visits schedule s
pation for each subject is a maxbmum of three monitored
doaing invervals.

Crileria for discontinuing or modifying allocated inlerventions

The trial [t i i.p.ull has the Lij.;|:|.l Ler Lermamale e L i.l.hl-

ten in this clinical wial at any dme, for any reason o

without statang b

The investigator must:

*  Instruct the partcipant on the right wearly ermina-
ton of participation.

e Inform himher that the werminaton of participa-
tion would not affect the phisician’s approach, the
method of further treatment or s guality.

> Ask bimher oo discuss this decision with the invesa-
gator in advance.

* State in the records the date of early termination of

the patient’s participation and the reascn, i known.
Onher reasons for the early termination of the subject’s
participation ingluede:
» The

involvement is not in the patient’s best interests.

investigators  decision  that  further  patient

*  Pregnancy of a patent participating in the clinical
trial.

e Termination of the study by a decision of the sponsar
ar the regulatory authosiy.

*  Discontinuation of colistin therapy at the discrenon
of the attending pliysician belore completon of the

third monitored dosing inverval,

Dutcomes
Since the eflicacy of colistin is dependent on the AUC,

colistin aerage 5[1".1|.|.5.d.:['.1[1' corncentration 1:{;" ___‘{I is the

main objective. A dilference between ECMO and non-
ECMO patients larger than 25% s considered clinically
significant. The wxiciy corvelates with colistn minimum
plasma concentranon. The endpoints are the following

elearance and intercomparment cearance of CMS and
colistin.

Patient and public invalvement
Mo,

Data collection and management

Plans lor assessment and collection of oulcomes

The study will collect demographic and baseline char-
acteristics from medical records and elecwronic medical
records, including age, gender, ECMO support and base-
line characteristics such as body weight, body heaghn
Concomitant  inhaluion CMS and  laborawory resulis
will be documented i the paper medical records and
entered by the rial investigator in the paper case report

form (CRF).

Data managemant

The study data will be collected Tromm medical vecords and
manually entered inw the paper CRFE. The soudy wam
mernbers will have acoess o the patients” medical records.
The invesugators will be responsible for screening
patients, obtaining informed consent, collectng soudy
data and entering it into the CRE Onece recruiiment
s complete and the kst intervention in the siudy is
performed, peeudonvmised data from the paper CRFs
will be digitised inw an Excel worksheet and formated
for use in pharmacokinetic software. Data will be digially
submmitted for stansiical processing as well. The stansti-
clan will analyse the study dat in cooperation with the
principal investigator. The data will be stored for 15vears
after the coammpletion of the soudy and then desteoved. To
promote data qualite, the CRFs of each parici pane will
be reviewed by another member of the study team as a
T

Canidentiality

All study-related informanon will be stored securely at
the study site. All partickpant informancn will be stored
i locked file cabinets in areas with lmited access. Forms,
lists, loghooks, appointment books and any other listings

Sui P, ol B Gpen 2023136071623, doi 10,1136 bmjnsen-2023-07 1649
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Open access a

i Link partcipant ID sumbers o add idenafying infor-
mation will be stored ina separate locked fle in an area
with lmired acoess,

STATISTIGAL METHODS

A population pharmco

netic model will be developed
based on measured plasma levels of CMS and colisun.
A nondinear mixed-ellects maodel will be used for the
caleulation of populaten pharmacokinete parameters.
Tor imyprove: the model G, the ollowing vanables will be
evaluated as covariates: ECMO therapy, creatinine clear-
ance, renal replacement therapy, actual or adjusted body
wiright, and age. A diflerence of at beast 25% between the
ECMO and non-ECMO groups will be consadered clini-
cally significant.

The Shapivo-Wilk st will be wsed o evaluae the
normal disribution. Soedent’s reest or Mann-Whitney
U pese will be wsed for comparisons as appropriate. Data
will be presented as meansa S0 or median (IQR); pvalues
<(L05will be considered stanstieally significant. Staristica
software V1400 (TIBCO Software, ULSAL) will be used for
statistical analysis.

ETHICS AND DISSEMINATION

This prowcol and the template informed consent form
were reviewed and approved by the Ethical Commitee
of the University Hospital Se Anne’s Broo | Nuwmber
LML 2022-AM o0 13 July 2022) with respect 1o the scien-
ufic content and compliance with applicable research
arul human subgect regulations. Any new protoco] modifi-

catioms will b sent for review by the ethics commites and
will e amended ar the clinieal wial regisuy, Informed
consent will be obtained from all paricipants pree w
enrolment in the soudv. In uneonsciows patients, the
study investigator will decide whether o include the
patient in the study after considering all indvidual risks.
In this case, the Ethics Comminee of St Anne’s Univer-
sity Hospital Broo will be indormed of the patient’s inclu-
sion. The invesugator will ask soudy partici pams in whom
good quality consciousness is restored o give subsegquent
informed consent without unreasonable delay

We intend o submic the resulis of the sdy 1o be
published in a peerreviewed international  medical

||.||1] 1]:&\4'llli[l|l|l' l.ll'l:l [ L E ill.l.l.'lllll. ||.l|.||. IH"alhll'
e !Jlll‘ii':‘ﬁiill]“l.\- YL ]JI Q'HL'ILLEIli.lrJJH al conderences,

EudraCT Mumber of the study is 2022-000201-19 regis-
tered on 21 June 2022 Spwdy registered at the Clinical
Trials register hiyps:/ clinkcalirals gov, o2/ show
NCTOA542446 on 15 Seprember 2022,

DISCUSSION

The COL-FECMO2022 trial is, as far as we know, the first of

i.l.h l«.llll.l.. ]l\‘ |.|.'.\"|J][H 'l'a'i I] IJJ o i.ll.l.' new I:lh.ul.l ||1;.1|.1|l«.1|||.'[1|. ':!ill.il
illl.ll. a I.Hl]]'.l.l'allli'::lll I.Fll'alllll.ul.l.'::lki.ll.l.'li.l. IlllKil'I. |.|H [ li|i1 iII.I'\' |]I.
patients and reline colistin dosage o patients on ECMO.

However, several non-standard approaches in the meth-
odolegy deserve more detailed justification. The frsc
15 the definiion of inclusion criteria. Tu is mot usaal fog
inclusion eritera o be the logical opposite of exclusion
criteria and vice versa. In this protecol, pregnancy Dullils
this comdition and the reasen for the wording s a reguire-
ment of the NEA and nato

CLUrrent IIiI[i.'.H I'al] ]E'EIHIL” i(JII. I.H AL I wWaOrmen Cani 4 I:IJ]:- 1]I.'

ul legislanon. According w

1'1]:'::'”1'1] nk lIllIi.l.:-l] [li.ill:‘ '.FII il 1|||'|'¢|]]|.".|.[i.|. Lil} I:ll. |."¢|.'l|.|.i.'¢|.'
mature divectly abmed at the pregnaney or the unborm
fetus. This is also why pregonancy bas been established as
an exclusion criterion despite being a standard-of-care
wial, The second reley

it reason s that it is a pharma-

cokinetic stuwdy in a small sample of critically il patents.
Pregnancy leads w significant changes in doug pharma-
cokinetics, which would lead w undesivable hias i the
parameters obialned.

Ancither unusual practice s the inclusion by the invesd-
wator of a patient unable o consent o partici pate in the
trial. The inclusion of unconscious patkents in the wial is
a towchy ethical issue on which the responsible nsti-
tional review board and tee MRA had difficalyy finding
consensus when reviewing this wial. The usual practice
of obaining consent from a legally authorised vepre-
sentative, a close person or a pair of an independent
physician with an independent witness was unaccept-
able. A compromise acceptable o both insumnons was
the procedure described above, whereby the prinepal
investigator decides independemtly on the inclusion of
the patient and informs the insmmoonal review board ex
peest, Griven the nature of the sody, a watver of informed
consent wonld have been possible in many cases. And this
is perhaps the reason why the procedure deseribed above
wias [inally acceptable. Notably, the process would likely
b different i the soedy had been submined voder the
mew regrulanion; however, the st subonission was made
before the entry inta foree of R.rj.;. (ELy 53672014

The next l:||.|.|.'.s1i-::l|:|.s CONCern ]Jilli.l.'l:l.l.h on CRET.
The fst i the diferenvation of colistin adsorp-
ton o the ECMO cirewit and the CRRT clrcuit in
ECMO+CRET patients. Adsorption o the haemofles
is & known phenomenon that we consider in the dosing
frequency. Thus, non-ECMO-CRRET patients will be the
mEl appropriate companison group o quantly sdsorp-
tion 1o ECMO in those patients. For the other patient
WO (ECMO4CRRT v ECMO4non CRRET v non-
ECMO+non CRET). the predicive value will only be an
comnparing wrough concentrations between groups and
concentrations aken at 30min alter the stan of the infu-
sion in particular groups. However, CRET will be a binary
covariate for the pharmacakinetic
ECMO. Henee, we shoubd be able to disunguish the effect
of either extracorporeal method on colistin pharmaco-

wlvais, similar w

kimetics. The second bauwe velated o patients on CRRT
s how creatinine clearance s determined. I patienis
are oligurie, we do not plan w collect urine (see note
in wahle 1), u'iu'l:l. the limited hij."l:l.il-li ance of this value.

Cre

atinine cles

o, necemary for the consraection ol

Suk P el B Opent 2023136071649, doi 10,1138 bmjopen-200-07 1843
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the population pharmacckinetic model, will be set w an
average value of 30ml/min, recognising the slight vari-
ability depending on the individual CRRT seting. We
do not expect @ high proportion of patients on CRRT in
thiis stuedy. However, we did not pri
whem froon the soedy, even at the visk of bias thar their

arily want 1o exclude

pharmacokineue parameters may introduce.

Several methodological lmitatons of this stdy can
alfect the oulcomes negatively: anticipated sample size,
wnplemented lmited smpling stategy, CMS sdiminis-
wranion per standard medical care which the imvestagator
cannot maodily, First, the sample siee was estimated based
on pilot data o make the sdy feasible. The pibo d
were collected during the COVID-19 pandemic when
the patient profile differed from the rou

Fallowing

this, we chose a more conservative and soll feasible warget
pumber of subjects, Second, since this s a standard-ol-
care trial, we implemented a lodved sampling soaegy
Lo iminimise pralenl burden and interference hetween
stugdy procedures and routine care. We abio ok into
aceount the data published by Rim « al"® The wough
and concentration at 2 howes after initation of the 30min

infusion shoswed the highest correlaton with AUC. Third,
although colistn dosing s not a swdy procedure and is
subsject o routine medical care, irespects local and inter-

matkomal guidelines. The actual dosage is recorded in the
CRF. As a result, a reliable and transferable populaton
l:l|:|..|.| macokinete model can be constructed.

TRIAL STATUS
Trial spomsor: St Anne’s University Hospital in Broo,
Pekarska 664 /53, 656 91 Brivg, Ceech R.t'l.'mh]i-:'

Provocol version 1.2, dated 25 May 2022, The recruir-
ment was started in September 2022, Thiry patents are
planned w be vecruited by the end of December 20235,
Completion of the study with data analysis is antcpated

in December 2025
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7.9 Annex9

Lakomy, R., Lojova, M., Souckova, L. et al. 11C-methionine in the diagnostics and man-
agement of glioblastoma patients with rapid early progression: nonrandomized, open label,
prospective clinical trial (GlioMET). BMC Cancer 24, 736 (2024).
https://doi.org/10.1186/s12885-024-12469-2

Summary

Purpose:

The aim of this study was to evaluate the role of 2*C-methionine PET/CT imaging in im-
proving diagnostic accuracy and optimizing radiotherapy planning in glioblastoma patients
with rapid early progression (REP). This subgroup of patients has a particularly poor prog-
nosis, and standard MRI-based planning may fail to identify all areas of aggressive tumour
growth.

Methodology:

The study was designed as a prospective, monocentric, nonrandomized, open-label clinical
trial with parallel comparison to a historical cohort. Patients with glioblastoma and REP
underwent both conventional MRI and *C-methionine PET/CT, and radiotherapy target
volumes were defined using combined imaging, with progression-free survival assessed as
the primary endpoint.

Results:

As a clinical trial protocol, the publication primarily establishes a detailed methodological
framework, including imaging procedures, patient selection, and outcome definitions. It
highlights the expected advantage of PET-based imaging in identifying tumour regions
that may not be visible on MRI, potentially enabling more precise targeting of radiother-

apy.

Conclusion:

The GlioMET study represents one of the first prospective efforts to integrate advanced
molecular imaging into radiotherapy planning for glioblastoma patients with REP. The
study is expected to demonstrate that incorporating PET imaging may improve treatment
precision and clinical outcomes, illustrating the role of investigator-initiated trials in ad-
vancing personalised oncology.
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C-methionine in the diagnostics
and management of glioblastoma patients

with rapid early progression: nonrandomized,
open label, prospective clinical trial (GlioMET)

Radek Lakormy™#, Martina Lojovd™, Lenka Souckova®*, Ludmila Hynkova®', Katerina Polachova®', Jiri Vasing®,
Regina Demlovd™'3, Alexandr Poprach™=, Jiri 5ana’, Tomas Prochazka®'", Martin Smrncka™®, Pavel Fadrus™®,
Fadim Jancalek™", lveta Selingerova®'®, Renata Balanova'?, Paval Slampa®'!, Petr Pospisil®'! and

Tomas Kazda®'>""

Abstract
Background Glicblastoma (GBM) i the most common and aggressive primary brain cancer. The treatment of GEM
consists of a combination of surgery and subsequent oncological therapy, ie, radictherapy, chemotherapy, or their
combination. IF postoperative oncological thempy involves iradiation, magnetic resonance imaging (MRI) is used
for radiotherapy treatment planning. Unfortunately, in some cases, a very early worsening (progression) ar return
{recurrence) of the disease is chiserved several weeks after the surgery and is called rapid early progression (REP).
Radictherapy planning is currently based on MRI for target volumes definitions in many adictherapy fadilities.
Howeewer, patients with REP may benefit from targeting radiotherapy with other imaging medalities. The purpose
of the presented clinical trial & to evaluate the utility of ""C-methionine in cptimizing radiotherapy for glicblastoma
patients with RER.
Methods This study is a nonandomized, open-label, parallel-setting, prospective, monacentric clinical trial. The main
aim of this study was to refine the diagnosis in patients with GEM with REP and to optimize subsequent radiotherapy
planning.
Glioblastoma patients whao develop REF within approximately & weeks after surgery will underge "'C-methionine
positron emission tomography (PET/ACT) examinations. Target volumes for mdiotherapy are defined using both stand-
ard planning T1-weighted contrast-enhanced MRl and PET/CT. The primary cutcome i progression-free survival
defined using RAND criteria and compared to a historical cobort with REP treated withouwt PETACT optimization
of radiotherapy.
Discussion PET is one of the most moderm methods of molecular imaging. "'C-Mathionine is an example
of a radiolzbelled {carbon 11) amino acid commonly used in the diagnosis of brain tumors and in the evaluation
of resporee to treatment. Optimized radiotherapy may also have the potential to cover those regions with a high risk

o
Tomas Kards
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Page 2of 16

af subsequent progression, which would nat be identified using standard-of-care MRI for radictherapy plannirg. This
is ane of the first study focused on radiotherapy optimization for subgroup of patinets with REP

Trial Registration MCTOS5(A8395, registered on 8.11.2022 in clinicaltrials.gow; EudraCT Nurnber: 2020-000640-64,
registered on 26.5.2020 in dlinicaltrialsregistereu. Protocol ID: MOU-2020-01, version 3.2, date 18092020

rds Glioblastorna, Rapid earl ression, Radiopharmaceutical, ' C-methionine, Clinical trizl, Fositron
Keywo y prog op

emission tomoagraphy, Radictherapy

Introduction

Background and rationale [6a)

Compared to other oncelogical diagnoses, pelimary
brain twmours ave less common, with an incidence of
S 100,000 population. Unfortunately, the most aggressive
wmmors, glioblastomas (GBM), account for approximately
half of all primary malignant brain tumors in adults. Due
e their biclogical behavious, these tumours are ranked
among the most difficuli-to-treat diseases and therefore
represent a serious health problem despite the velatively
low incidence. Despite advances in the complex onco-
logical treatment of gliomas, treatment results remain
unsatisfactory [1, 2],

The reported median survival of 14-17 months with a
five-year survival of 10% is observed mainly in patients
with fwvourable prognostic factors who undergo com-
plete adjuvant oncological therapy [3, 4], Despite all
efforts, the median overall survival has only increased by
a few months over the past thirty years. For this reason,
further research and development of new therapeutic
procedures are necessary with the aim of ensuring better
disease control and prolonging overall survival |5].

Clinical studies evaluating the role of modern targeted
therapy and immunotherapy have not vet demonstrated
higher effectiveness of this treatment strategy, and the
results of GEM treatment have thus not fundamentally
changed. The only small advance in the last 15 years has
been treatment wsing alternating electric fields emitted
from electrodes taped to the scalp (Optune). However,
the broader availability of this method is limited by the
enormously high cost, patient maotivation, and some
debatable issues in the clinical trials performed [6, 7].

The current standard of cave for GEM 5 based on a
multimedal approach combining the maximum possible
and safe surgery, postoperative radiotherapy (RT), and
chemaotherapy (CHT) with alkylating cytostatic temozo-
lomide [TMZ). Adjuvant therapy is usually started within
4 1o b weeks after surgery, during which the patient
recovers [rom surgery, and all necessary procedures
(multidisciplinary indication committee, preparation of
radiation plan, ete.} take place before further oncologi-
cal treatiment. The standard postoperative management
of newly diagnosed patients with GBM has remained
unchanged since the published vesults of the EQRTC

269B1-22931/NCIC CES trial (Stupp regimen), which
completed patient recruitment as early as 2002 and pub-
lished the Andings in 2005 Ia this protecal, TMZ (75 mg/
) is administered on days 1o 42 concurvently with BT
(60 Gy, followed by TMZ alone (150 to 200 mgfmzj Qi
days 1-5 in six consecutive d-week cyeles, Coadministra-
tion of BT and TMZ improved survival from 12.1 months
(with RT alone] to 14.6 months {with the addition of
TMZ) (3). Due to 3 certain stagmation in the treatment
of GEM in recent years, intensive research at all levels is
necessary W improve patients’ perspectives on this unfa-
vourable diagnosis.

The Perry accelerated regimen [5] is a treatment opticn
for patients aged =65 years and those for whom long
conventional BT (60 Gy in six weeks] combined with
chemotherapy s considered unsuitable by their treating
physicians, The total KT dese for this accelerated regi-
men s 4005 Gy, administered in 15-day fractions over
three weeks,

Concomitant TME & administered here at a dose of
75 H:q;.'m2 per day for 21 consecutive days from the start
of BT until its termination. As with Stupps regimen,
adjuvant TMZ alene follows at 150 1o 200 mg/m® daily
for five consecutive days of a 2B-day cyele, up to 12 cycles
or until disease progression. For patients whe are not
candidates for concomitant chemoradiotherapy (regard-
less of agel, individual adjuvant treatment bs indicated
as standard, wswally accelerated RT alone (total dose
30-50 Gy in a 10-20-day dose, for example, fractiona-
tion regimens of 10x30 Gy, W0x34 Gy, 13x2687 Gy,
=25 Gy and others), followed in some patients by
TME palliative chemotherapy based on the actual overall
condition of the patient.

Glicbiastmma as o progressive disease

In connection with the greater availability of magnetic
resonance (MR, it is possible to optimize the planning
of radiotherapy according to the findings of the so-called
planning MR for an increasing number of patients. It is an
MR study performed immediately (approximately a few
days) before the start of radiotherapy. Following the per-
formance of this MR study (typically approx. 4-5 weeks
after surgery), a new phenomenon called wvery rapid
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progression (REP, rapid early progression) is described.
The REP diagioais is based on comparing easly postoper-
ative MR Andings (usually within 45-72 b after surgery)
aird planitiang MR before radiotherapy (preRT).

Retrospectively comparing early postoperative MR with
prelT MR performed approximately 30 days later, Farace
el al. describred 30% of preRT ME with signs strongly sug-
geative of tumour progression during this peelod [9]. An
even more significant proportion of patients with docu-
mented REP was described by Palmer et al., where up to
2% progressed before starting adjuvant therapy with-
ol any effect of waltiing tme to start BT (median time
from resection to BT was 325 va. 33 days in patients with
REP vs. without REP (p=0.337) [10]. These results arve
consitent with our retrospective analysis of 90 patients
with GBM treated between 2014 and 2007, where 51%
of patients had suspected REP at planming preRT ME
[11]. These patients represent a subset with particularly
aggressive GEM requiring further intensive research and
possibly treatment modification.

According to these and several other retrospective
analyses, it was conficimed that the presence of early pro-
gression on planning MR was associated with a maore
aggressive forim of GBM and worse overall supvival [12-
14]. A higher risk can, of course, be expected in patients
after nonradical resections [14]. It is still waclear what
further influences the prognosis of patients with early
progression. Palmer et al. even described significantly
worse survival in patients with wnmethylated MGMT
(06-methylguanine- DNA methyl-teansferace], the meth-
vlation of MGMT is considered a marker of higher che-
madensitivity [ 10]. Analysis of other potential biomarkers
still needs 1o be improved. Due to a lage number of
patients with REP and the retrospective nature of the
studies carvied out thus far, it is essential to analyse this
maore aggressive subgroup of tumors prospectively and
try to infleence the negative course of the disease maore
clinically.

The optimal treatment approach for patients with REP
needs o be determined. 1t is unclear whether it is better
o indicate repeat surgery for rececrence, choose accel-
erated BT regimens with or without concurvent chema-
theragy, or dicectly administer more aggressive and
intensive chemotherapy with a combination of alkylating
cytostatics if MGMT methylation is present [15]. Treat-
ment of these patients with REP currently does not dif-
fer from that of patients without REP; if so. it is a purely
individual approach. These patients distorted the resulis
of previous clinical trials where routine MR examination
was not performed before RT. Currently, these patienis
are wiually excluded from clinkeal trials.

Maoreover, cwrrent clinical trials often  randomize
patients until after concomitant chemoradiotherapy if
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there 15 no progression on follow-up MR after chemora-
diothesapy. REP on planning ME is a significant negative
prognostic factor that should be a stratification factor in
fuiture clinical trals. In genecal, the aggeessive chaeac-
ter of GBEM is manifested by its microenvironment, the
maleciilar backgeound of glhoma cells, o the miRNA
profile, which may be essential in GEM oncogenic signal-
ling and has the potestial to serve as a biomarker of this
disease and a new therapeutic target in oncology [16-22].

Radiotherapy in the treatment of glioblastoma

Dise tor the almest zero risk of developling distant metas-
tases, and on the contrary, due to the nearly 100% risk of
developling local recurrence in the brain, in the case of
GEM, great emphasis is placed on local treatiment meth-
ods, Le., surgerv and radistion. Radiothecapy has expe-
rienced a stormy development in the last decade due
o improved computer technology, greater availabality
of imaging methoeds, and more advanced radiotherapy
qyaterns [7, 23, 24]. A crucial part of radiotherapy treat-
ment is correctly determining the target area for the pre-
seribed radiation dose. In the case of brain tumours, the
gold standard For defining target volumes is MR imaging.
Recently, the importance of sdditional lmaging methods,
eapecially PET imaging, for the closer characterization of
gliomuas has been emphasized [24, 15].

VC-Msthianing PET in the imaging of glioblastarma

Positron emission tomography s cucrently the maost
dynamically developing area for functional beatn bhsag-
ing. It is used both pretreatment and as part of the
fallow-up of GBM patients after treatment. The develop-
ment of PET diagnostics is aimed not oaly al constroct-
ing more sensitive and robust PET scanners but also at
introducing new radiopharmaceuticals, especially in cen-
tres with their own eyelotron,

Flusrodeoxyglucose {2-deoxy-2-[18F) lluora-D-glecose,
FI¥GE) is the most commonly used radiopharmaceutical
in PET/CT diagnostics in general. However, it may not
provide optimal resulis for brain examination mainly due
o the high metabolic activity in the physiological brain
tissue, the image background. That is why other radiop-
harmaceuticals are used in the targeted diagnosis of brain
tumaors, most often dilferent amino acid derivatives. OF
these,  [18F]-0-(2-Auoroethyl}-L-tyrosine  (luoroeth-
yliyeosine, FET] and  L-{S-methyl-["'C))-methionine
(methionine, MET) play the most important roles. Car-
ban labelled methionine is historically the most fre-
quently used drug for ghoma imaging.

Amino acid [AA) tracers, induding FET and MET.
naturally cross the blood-brain barrer through neu-
tral amine acid transport mechanisms. Unlike naturally
ocourring  methionine, the artificially prepared amino
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acid FET is not subsequently incorporated into protein
fractions [26, 27]. Their transport and incorporation
into proteins are increased in tumowr tisswe, However,
it is still being determined which of these mechanisms is
maore critical for PET imaging. Methionine is also incor-
porated into Fats and nucleie ackds; this incorporation is
less significant for imaging brain twmours, Studies have
confirmed the correlation between the intensity of MET
sccumulation, tumour grading according to WH and
prodiferative activity assessed by the Ki-67 index [28] and
the density of microvascularization [29]. Methionine is
ineorporated to an increased extent even in low-grade
gliomas [30], while its accumulation is low in the back-
ground of normal brain tssue, Since the transport of A
tracers does not depend on the blood-brain barrier vio-
lation, the accumulation of AA tracers can be detected
even in tumours that de not show contrast saturation and
enhancement during ME examination.

MET PET is more suited than MR to accurately deline-
ate the target valume for radiotheragy and detecmine the
extent of viable bumours. Conversely, MR shows the over-
all extent, including pathological changes associated with
the turmour, such as oedema in the immediate vicinity.
The widespread use of MET PET is most hindered by its
shart half-life, 3o the use of MET is limited only to cen-
tres with their eyclotron and the possibility of its produc-
tion. [n patients with REP glioblastoma, it is necessary to
start oncological treatment as quickly as possible. It is,
therefore, unethical to wait for the delivery of other com-
mercially available radiopharmaceuticals labelled with
fMuorine 18 {1BF-FET, 18F-FLT, 18F-DOPA, ete.), which
have a longer hall-life. They are also available in PET cen-
tres without a cyclotron, but only on predetermined and
planned production days. In complex neuro-oncology
centres, the possibility of individual preparation of MET
is thus an opportunity to benefit patients with REF, the
extraordinarily aggressive glioblastomas.

In addition to the subjective assessment, the evaluation
of the PET image is refined by quantitative measurement.
For this quantitative measurement in clinical practice,
drawing a suitable area of interest and software evalua-
tion of the SUWmax parameter ("maximum standardized
intenaity of accumulation”} are vsually wsed. The assess-
ment of the SUVavg ("average value of the standardized
itenaity of accumulation”) is chosen less often. Mev-
ertheless, it is influenced by the specific location of the
area of interest, with more significant variability between
evaluators. Therefore, SUVavg is bess suitable for stand-
ardized assessment in studies.

The area of interest can be either circular in the plane
for one selecved slice, 2D-ROL or spherical in space,
3D—VOL The two-dimensional region of interest is also
very strongly influenced by the choice of a particular slice
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for assessment and is also burdened by low reproduc-
ibility and high interrater variability. For our evaluation,
the measurement of 5UVmax in a spatial 3D-VOI defined
with a size of 1.5 cm was chosen to minimize variability.

The ratio of the radiopharmaceutical accumulation in
the tumoer relative to the background [Mumour-to-back-
ground” ratio, T/B) is used o differentiate the aveas of the
physiological and pathological intensity of accumulation.
There is no definite recommendation on how to choose
the background, and even any recommendations may
be influenced by the possibilities of a specific patient.
There ave also no exact valwes of the T/B ratio defined as
a threshold for distinguishing tumour tissue From physi-
ological tissue. According to available liverature data, val-
ues between 1.3 and 1.7 are usually chosen.

Explanation for choice of comparator [6b}

This study is an open-label prospective clinical trial
The experimental drug “C-methionine PET/CT will
be administered to all patients recruited to this study
and compared to the cohort consisting of a historical
group of GEM patients with REP collected in the period
20042018

Objectives (7}

Patients diagiosed with GBM whe develop REP before
starting adjuvant radictherapy have an abysmal prog-
nosis. The optimal treatment for these patients has yet
to be discovered, and no prospective clinical evaluation
has been performed. We asturme that the lesion detected
on ME is not the only area of REP development. It may
be MET PET that can reveal other areas of the aggres-
sive part of the tumour, and the subsequent BT can then
be beiter planned to increase the time o progression in
such a cobort of patients. Therefore, the purpose of this
study was to refine the diagnosis in patients with GBM
with proven REP and subsequent optimized planning of
the following treatment procedure. Chemotherapy will
be administered as standard treatment to all patients.

Trial design (B}

The GlioMET study is an investigator-initiated study. This
clinical trial is a prospective, monocentric, open-label,
aenrandomized elinical study with a parallel assignment
initiated in June 2020,

The main aim of the clinical trdal is to improve the
progression-free survival of patients with GEM and REP
via optimizing of diagnostic and treatment proceduses.
The experimental drug M methionine PET/CT will be
administered to all patients recruited to this study and
compared to the cohort consisting of a historical groug of
patients collected in the peried 2014-2018. The setting s
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a confirmatory framework against the historical cohort.
A schematic overview of the design of the study is pre-
sented in Fig. 1.

Methods: participants, interventions,
and outcomes
Study setting (9}
The GlioMET study is a monocentric study. The recruit-
ment period began in October 2020. Patient recruitment
in the Czech Republic is planned to be completed in Feb-
ruary 2024

Masaryk Memorial Cancer Institute in the Czech
Republic, the coordinating centre for the study, is respon-
sible for educating and training research staff, tracking
participants’ enrolment, mathematical analysis, monitor-
ing, pharmacovigilance, data management, and reporting
of the study. The control cohort consisted of a histori-
cal group of patients collected in the period 2014-2018.
Data are collected only from the Czech Republic.
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Eligibility criteria {10}
A patient may be included in the dinical trial if they meet
all of the following criteria:

1. The participant s a person with a histologically
proven diagnosis of glioblastoma {GBM) according to
WHO 2016,

2. The participants are male or female and aged 18 years
or older.

3. Performance status {PS) according to ECOG (Eastern

Cooperative Oncology Group) 0-2

. Healed operation wound.

. Postoperative MRup to 72 h.

. Indication for adjuvant chemoradiotherapy.

. The participants must express his/her informed con-

sent and sign the form before the screening period.

. Rapid early progression was detected.

9. The participants must achleve the following values of
laboratory par 3 In the peripheral blood during

DN e

o

the screening period:

Primary endpoint PFS
PFS was defined as the tme from the start of
e Of diptase Or Oeath,

Py 10 T DIoY

Fig. 1 The Schematc avervew af the GloMET study design. A, Arm - a bstancal arm. CVET—carben radiclabelled methianine CT
camputer tomagraphy. GEM-—glioblasicma multfarme MR - magnetc resonance imaging PET/CT--pasitron amissian tomegraphy/compursr
tomography. PFS - progressian-free survval PS - perfarmance status. REP-~rapid sarly progressian
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— neutrephils (fotal count) = 1500/ mm 3

— platelets (total count) = 100,000/ mm.3

- hemoglobin = %0 g/dL

— serurm creatinine < 1.5x of upper limit of normal
[ULN]

— total bilisubin < 153 ULN, unless documented
Gilbert's syndrome, for which bilirubin £ 3 x ULN
is permitted

- AST/ALT £3x ULN

The exclusion criteria were as follows:

1. Prior brain susgery.

2. Prior brain radiotherapy.

3. The history of active/currently treated cancer [solad
mmeor] was as follows: nonmelanoma skin cancer,
i situ bladder carcinoma, in sitn gastric cancer,
i sitw colorectal carcinoma, in situ cervical carci-
noma, and in situ breast cancer.

4. Any systemic disease or health condition that might
pose a risk for anticancer therapy and imaging tech-
niques (MEL MET PET}.

5. Patients must not have substance abuse disor-
ders that would interfere with cooperation with the
requirerments of the trial.

6. Patients must not have any evidence of ongoing
factive) infection (HIV, hepatitis A, B, O]

7. Pregnant and/or breastfeeding wormen.

8. Patients who disagreed and refused to sign an
inforrmed consent fosm.

Iritervention description [11a}

The intervention is the radiopharmaceutical appli-
cation performing Y'C-methionine PET examina-
tion. The activity of the "C-methionine applied
for each patient will be 300 MBg (£50 MBg) of
N methionine. The preparation of "'C-methionine
for a specific patient 18 provided by a lab worker
anly be performed with written eonsent. "'C-MET
will be sufficiently hyvdeated, meaning that they
have not consumed any food for at least 4 b prior
to application. To obtain the best quality images
and to reduce radiation exposure to the bladder, the
patient will be asked to drink plenty of fluids and
vald before the PET scan. After a PET scan, the
bladder should be emptied as often as possible. If
patient sedation is needed, it will be started approx-
imately 20-60 min before the start of the examina-
tion. The application of the radiopharmaceutical
will be carried out after ensuring venous access
with an intravenous cannula. Finish the application
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by rinsing with 20 ml of physiological selution. The
patient will be monitored for 2 h after the applica-
tion of the radiopharmaceutical due to the possibil-
ity of a hy persensitivity reaction.

Criteria for discontinuing or modifying allocated
interventions {11h)

The clinkcal trial will be interrupted or prematurely ter-
minated for the following reasons:

L. In the case of serious adverse events, the resulting
benefit-risk ratio is unacceprable.

I In the event that other comparable clinical evalu-
ationd reveal an umacceptable level of risk for the
evaluation subjects. The sponsor reserves the right to
interrupt or prematurely end the clinkcal trial at the
centre in the event that:

G} the safery of the subjects would be significantly
compromised,
(it)  suficient recruitment would not be achieved,
(0] there would be repeated deviations from the
protoes] on the part of the investigating centre.

Strategies to improve adherence to interventions {11¢)
Training before initialization ensures compliance dur-
ing the whole study. If there are doubts, a chief investi-
gator is designated to address them.

Relevant concomitant care perrmitted or prohibited

during the trial [11d]}

The modification consists of changing the ircadiation
plan. Twe chemoradiotherapy regimens of coneomitant
chemoradiotherapy with temozolomide are permissible
at the diseretion of the attending physician [31-33]:

Regime according to Shump:

RT 60 Gy/30 fr. each 2.0 Gy (6 weeks, Mon-Fri) + temo-
zolomide 75 mgn’m2 D1-42 including weekends, then
adjuvant temozolomide 150-200 mg'm® D1-5, 28-day
interval, six cycles with the possibility of extension to
a total of 12 eyeles {if no more than low-grade adverse
effects ocewr and if a benefit is demonstrated) or witil
progression or loxicity.

Perrys regirmen

RT 4005 Gy/15 [k each 267 Gy (3 weeks, Mon-
Fri) + temozolomide 75 mg:‘mi [1-21 including week-
ends then adjuvant temozolomide 150-200 mg'm®
[1-5, interval 28 days, max. 12 eycles or until progres-
ston or toxicity.
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The choice of regimen 15 at the diseretion of the
attending phyaician. Lo general, the Perey regimen is
used for frail and elderly patients, and these patients
would probably not be able to handle the classic lang
Stepp regimen. 1t is a modified Stupp regimen, where
there is a shorter {3-week) concomitant CHT/RT with
A005 Gy instead of 6 weeks with 60 Gy, followed by
classical adjuvant 150-200 mgrmi, but up to 12 cyeles
of temozolomide.

Dutcomes {12}

Primary Outcome Measures of the clinical trial are to
demonstrate the progression-free survival (PES) an the
11C-methionine PET/CT arm as Experimental arm
vi. PFS in the historical patient cohort as an arm Ahist.
PFS was defined as the time from the start of radiother-
apy to the progression of disease or death [Time Frame:
# months].

The secondary outcomes are the following:

1) Rapid-Eacly-Progression  incidence [Time Frame:
38 months]

Prospective evaluation of the incidence of Rapid-
Early-Progression (REP) on plansing ME in patients
with GEM indicated for adjuvant chemeradiotherapy.

2] Owverall survival (05} in the Experimental Arm vs,
Arm Ahist [Time Frame: 44 months]
05 i the Experimental Arm compared to the histor-
ical retrospective group (arm Ahist). 05 = time from
surgery o death related to glioklastoma multiforme.

3) Biomarkers [ [Time Frame: 38 months).
Immunohistochemical analysis of GFAP  Ki-67,
IDHL, ATEX, and PDL1. GFAP: postive/negative
foeal positive Ki-a?, IDHL: positive/negative, ATRX
loss of expresiion: positivednegative, PDLL protein
expression: positive/negative.

4 Biomarker [ [Time Frame: 38 months]
Mutational status of TERT and IDHZ: mutatedwild-
Iype

5] Biomarkers [ [ Time Feame: 38 months]
Sanger sequencing of IDHL in IDHL [HC- positive
patients: mutated wild-type.

6] Biomarkers IV [Time Frame: 38 months]
MGMT promoter methylation statws > 25% = meth-
ylated/ < 25% = unmethylated.

71 Biomarkers V [ Time Frame: 38 months)
119 g codeletion: pasitive/negative

&) Pattern-of-failure analysis [Tinve Frame: 44 months]
Evaluation of spatial patterns of Bilure (PoF; cen-
tral  {W9S% = 95% ) in-feld  (80% < V95% )/ marginal
(20% < %'959% < B0%)/distant {V95% < 20%)) in patients
with REP {the Experimental Arm) compared to the
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historical retrospective group [Aem Ahist). In the
case of multifocal progression, each PID s evaluated
independently, i.e., the patient could have one central
and one distal PIL [n subsequent statisncal analysis,
each P} was evalusted independently. PoF could be
performed even in deceased subjects if MR describ-
ing the progression is avadlable.

9) Quality of Life assessment using the standardized

Eurogean Oiganization for Research and Teeatiment
of Cancer [EQRTC) questionnaire QLO-C30 [Time
Frarme: 4} months]
Cuality of life will be assessed using a standard-
ized questionnaires the European Organization for
Research and Treatment of Cancer Quality of Life
Cuestionnaire C30 v 3.0 during the screening period,
visits 2, 4, 6, 8, 10, and 12 (End-CH-Treatinest)
and during the follow-up pesiod every 3 months
(+ 1 week) up to progression of the disease.

10y Quality of Life assessment using the standardized

European Organization for Research and Treatment
of Cancer (EQORTC) Cuality of Life questionnaire-
BM20 | Tire Frarme: 44 months]
Cuality of life will be assessed using a standard-
ized guestionnaire: additional module Brain Cancer
European Organization for Research and Treatment
of Cancer Quality of Life questionnaire BRI dur-
ing the sereening period, visits 2, 4, 6, 8, 10, and 12
(End-CH-Treatment) and during the follow-up peried
every 3 months (+/- 1 week] up to the disease.

Participant timeline {13}

The schedule of envolment, intervention and vis-
its s summarized in Tables 1 and 2 The duration of
the study participation s 4 months  {recruitment
38 months+ 6 months follow-up).

The modification consists of changing the rradiation
plan.

Two chemoradiotherapy regimens of concomitant
chemoradiotherapy with temozolomide are permissible
at the discretion of the attending physician,

Stupp’s regimen can be extended to 12 cycles of adju-
vant temozolomide due to the unification of the possible
length of adimbnisteation of sdjuvant temozolomide itsell
and thus minimizing the oceurrence of bias in the length
of adjuvant treatment between younger and older/frail
groups in the clinical study.

Since 2005, when temozolomade was registered based
on the study with & cycles of adjuvant temozolomide, a
number of phase 3 studies were conducted, where it was
possible to extend this adjuvant period up to 12 eycles.
O the other hand, in patients without REP, extension of
adjuvant chemotherapy up vo 12 cydes is currently not
recommended [2].
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Sample size 14} Plans vo promote participant retention and complete

A historical retrospective cohort included 44 patients
with REP who were indicated for adjuvant chemoradio-
therapy (Arm Ahist). The median PFS in this cohort was
49 months. Assuming that the time distribution in the
Experimental Arm follows a proportional hazard model,
a sagnificance level of 5%, and a power of 80%, 65 events
are peeded to detect 3 hazard eatio of 165 (e, median
PFS in the Experimental Arm of 8 months]. With an
assumed recruitment of 38 months and a follow-up dura-
ton of six months, 67 patients are needed based on the
historical cohort. With the expected screening Falure
rate of 5% and a dropout rate of 5%, approximately 75
patients with confirmed REP should be enrolled.

Recruitment {15}
Recruitment of the patients has been carried out since
October 2020, During the frst four years, all planned
patients will be recruited. The patients were recruited
only at Masaryk Memorial Cancer Institute in Brioo,
Crech Republic.

The patient will be informed about the study during the
visit, during which initial eligibility for the study will be
determined, and the research staff will explain the study
proedocol and design,

Methods: assignment of interventions: allocation
Sequence generation [16a), Concealmant mechanism [16b)
The GloMET study is nonrandomized. and the assign-
ment of interventions is not applicable.

Implementation {16¢}

The study investigator will enroll the participants. All
study wvisits will be scheduled to coincide with the regi-
men according to Stupp or Perry.

Blinding (masking) [17a}
Mot applicable. This study is not blinded; it is open-label.

Methods: data collection, management

and analysis

Data collection methods [18a)

The study collected demographic and baseline charac-
teristics from medical records and electronic medical
records, including age, sex, type of admission, and base-
line characteristics such as body weight, body height,
patient history, and pharmacological history. The resulis
of PET/CT scans and physical examinations are docu-
mented in the electronic medical records and entered by
thee tidal tivestigatos o the electronic Cage Report Forim
(e RF).

fallow-up {18k}

The study site will make every reasonable effort to follow
the participant for the entire study period. Study site staff
members will be responsible for developing and imple-
menting local standard operating procedures to achieve
maximal follow-up.

Data management {19}

The study data are entered online in an internet-based
database [RedCap™) and collected from medical records.
The study staff members had access to the medical
pecoids of the patients. The lavestigatoss will be respon-
sible for screening patients, obtaining informed consent,
collecting study data, and entering it into the eCRE. The
statistician will analyse the study data in cooperation
with the principal investigator. The data will be stored
for 15 years after completion of the study and then
destroyed. To promaote data guality, the eCRFs of each
participant will be reviewed by another member of the
study tearmn as a monitor.

Statistical methods

Statistical methods for primary and secondary outcomes
[2Da}

All data will be described for each arm separately and for
the entire group of patients. The appropriate descriptive
statistics will be wsed, fe, counts and percentages for
categarical characteristics and median and interquartile
range (IQR) or mean and standard deviation (5D for
continweus characteristics. Depending on the data type,
comimon statistical tests such as Fishers exact test or
chi-square test for comparing categoncal variables and
nonparametrie Mann="Whitney test or Broskal-"Wallis
test for comparing continueus variables or their para-
metric alternatives if the assumption of data normality is
el will be wsed for comparison of patient characteristics
between arms.

The swrvival parameters that will be considered are
prugregglma-fnen.- survival [PFS) and overall survival (O8]
PFS is considered the time from the start of radiotherapy
to the occurvence of progression or death. 08 is consid-
ered the time ffom aurgery Lo death (i relation o GBM).
The Kaplan-Meier method will be used to estimate the
probability of survival Survival comparisons between
groups will be made using the log-rank or Gehan-Wil-
coxon test, The Cox proportional hazards model will be
used to calculate the hazard ratho in univariable and mul-
tivarkable analyses.

All statistical tests and confidence intervals will be cal-
culated at a significance level of 5%.
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Methads for any additional analyses {20b}
Mot applicable. The subgroup and adjusted analyses are
not planned.

Definition of analyses population relating to protocol
nonadherence and any statistical methods to handle
missing data (multiple imputation) [20c}
Protocol nonadherence will be assessed by the principal
investigator case by case. Patients with major protocol devi-
ations will be excluded from the analysis. Missing data are
nat planfned to be imputed. However, in the event of sub-
stamtial missing data for any parameter, o sensitivity analy-
sis wsing any method of imputation could alse be used.

The dats will be analysed for the individual groups
Breizlav:

«  Full Analysis Set (FAS)

All patients who successfully completed recruitment
met the inclusion/exclusion criteria

«  Per Protocol Set (PP'S)
FAS subgreup with such patients who underge teial
without signaficant deviations from the protacal.

« Safety Set
Inecludes all patients who were administered a medic-
inal product within the framework of the GlioMET
study.

Methods: monitoring

Data monitaring (21a)

The an-site monitoving of the study conduct 15 regularly
performed throughout the study period o assess the
accuracy and completeness of the data. The study site
may be subject to a quality assurance visit, IF so, the sive
will be contacted in advaince Lo organize a moniborng
visal. The investigator will ensare divect access to all study
documents for quality assurance monitors.

Interim analyses (211}
Not applicable. An interim analysis is not planned.

Harms {22}

Serious adverse events will be reported according to
standard rubes and standard operating procedures of the
coordinating unit. All study particigants will be moni-
tared for potential adverse events.

Auditing (23}
Trial conduct will be audited by the Institutional Projects
Evaluation Committee every year during the study. The

Fage 13of 16

process of auditing will be independent of the investiga-
tor and sponsor.

Research ethics approval {24)

This protocol and the template informed consent form
were reviewed and approved by the Ethical Commit-
tee of the Masaryk Memorial Cancer Institute (in Sep-
tember 2020) with respect to the scientific content and
compliance with applicable research and human subject
regulations. Study protocol was evaluated by insttutional
Praject Steering Committee and  institutional Ethics
Committes Mo 20200 1206/ MO

Pratocel Amendments (25}

Any new protocol modifications will be sent for review
by the ethies committee and a natienal Deog Agency and
will be armended at the clinical trial registry.

Consent and Assent {26a}
Informed consent will be obtained from all participants
prioe to enrolment in the soudy.

A teained study investigator will describe the study to
patients or authorized survogates if applicable. Patients
will alse receive information sheets. The investigator
will discuss the study with patients in the sense of the
information provided n the information sheets. The
investigator will obtain written informed consent from
patients willing to participate in the trial. [n the case of
patients who are unable to consent because of a medical
condition, their ability to participate in the study will be
assessed by a medical council consisting of at least one
independent physician informed about the study details
and one study investigatorn

Confidentiality (271

All study-related information will be stored securely at
the study site. All participant information will be stored
in bocked file cabinets in areas with Lmited access. All
local databases will be secured with password-protected
access systems. Forms, lists, loghooks, appeintment
books, and amy other listings that link participant 1D
auimbers to add ientifying imformation will be stored in
a separate locked file in an area with limited access.

Declaration of interest {28}
The authars declare that they have fo competing balerets.

Aceess to data {29}
The fnal trial dataset will be accessible o all investigators
participating i this stedy.
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Ancillary and postirial care {30}

The clinical trial GlioMET is conducted in full accord-
ance with the principles of the Declaration of Helsinki
{in the latest valid version), in accordance with GCP
requirerments and in accordance with applicable national
and Ewropean legishition. GlioMET was discusied and
approved by the local ethics committes and State Insti-
tute for Drug Contrel before the start.

All patients were informed about the possible risks of
their participation in this study and about the possibil-
ity of ending their participation in the study at any time
without consequences. The patients are also informed
about the measures that will be taken for the protection
of personal data and about the fact that, in the event of
damage to health as a result of the implementation of the
study, liability insurance for the examiner and the con-
tracting autherity has been arranged in accordance with
the applicable legislation, through which the possible
cormpensation of assessment subjects,

Dissemination policy {31a}

We intend to submit the results of the study to be pub-
lished in a peer-reviewed international medical jowrnal
and disseminate them to academic and healtheare profes-
sbonals via presentations at conferences.
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Authors' contributions [31k]

RL:design ol the study, prosscd vwriting, firstauthoy, principal investiganos, statier
cal anakyis, ML design af the study, peoacolwiiting and revidon, LS designoof
the study, peoracal witing and revisan, LH: designiaf the study, peosacal wikting,
design af the radickegy part; 5F: designof the siudy; protocol wriing, design of
the radiokogy par, 1 design of the soudy, protocol witing and sision, design of
tha imagirg and FET pait, RIX dieugn of the shudy, protoce] waiting AF: ponacod
reeskeion, design af the labereory anabatic part; J5 dedgn of the sndy, deskgn of
the newceugery part, TR design of the study, desgn of e labomarny anakytical
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wiiting, neathon, stati stical pars, RB. design of the soudy, profoosd witing, nestean,
design of the radickogy part; 75 design of the sudy, protoool weiting, ieddan,
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Fundimg {31ch

This sbudy & an investigaear initiaced dinical mal Macerials and seseanch
aCtiithes selaned 1o the study wiss powered by the Minksary of Health of the
Crech Repubiic—conoepiual development of euranch asganizabion IMACI,
DOISE0E] and gramt MU0-03-00143.

Ther sy rectivtd partial funding from Crech Health Research Couneil within
Czoch Mintzry of Healih irzig number MUZ-03-000 450 This b ane-stage
putlc tenderin research, meperimental development and innosation for
soecial pUIpCse suppart in the spplied Health Rescarch Sepport. e wese
successful in the 3019 competitian and recererd fundirg of ¢ ca 200,000 for
thie period 1 52020-31.122033. This suppait wits Wsed mostly v oover ool
of 1'C-methionin samiratian and persanal ook Other costs (patier insr
aror, open acrest publicatian fees, eoc b wiese covered by the hospitals own
money dedicaned far resmarch funding [Masaryk Meamonal Cancor institute]
S actities connected with sbudy preparation are creaned inocollboion
with MED MUMIthrough the CIECRIN projject (LWO0Z3049), supported by the
nacicnal budges thiough MEYS and from the Eusapean Regicnal Development
Fund—psaject CIECRIN_4 PATIENTS (C202.1 01,0070 04 16 _013/000 1825
Peajcns submitied 1o pubhc e nderureder Czech Health Reseach Counil
within Caech Mtinkory of Health undesgo d-shepis peer revies and the stand
ard process of praject soerific eealuat on
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Avallability of data and matonials
Mo datasets wane generated oranabsed during the cument stuidy.
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7.10 Annex 10

Dolezalova I, Koritakova E, Souckova L, Chrastina J, Chladek J, Stepanova R and Brazdil
M (2022) Prediction of VVagal Nerve Stimulation Efficacy in Drug-Resistant Epilepsy
(PRECISE): Prospective Study for Pre-implantation Prediction/Study Design. Front. Neu-
rol. 13:839163. doi: 10.3389/fneur.2022.839163

Summary

Purpose:

The PRECISE study aimed to develop and validate a multimodal predictive model for
identifying patients with drug-resistant epilepsy who are most likely to benefit from vagal
nerve stimulation (VNS). Despite the established efficacy of VNS, treatment response re-
mains highly variable, and reliable pre-implantation predictors are lacking. The study ad-
dresses an important unmet clinical need by supporting more personalised patient selection
and improving treatment decision-making.

Methodology:

The publication presents the protocol of a prospective, investigator-initiated, multicentre
observational clinical study. Adult patients with drug-resistant epilepsy scheduled for VNS
implantation undergo comprehensive preoperative assessment, including advanced mag-
netic resonance imaging (MRI), electroencephalography (EEG), neuropsychological evalu-
ation, autonomic nervous system assessment, and clinical phenotyping. These multimodal
data are integrated to identify biomarkers predictive of treatment response. The primary
endpoint is seizure reduction following VNS implantation, with secondary outcomes in-
cluding quality of life, cognitive function, and other clinically relevant measures.

Results:

As a study protocol, the publication establishes a rigorous methodological framework for
the prospective identification and validation of predictive biomarkers for VNS efficacy. It
describes standardised patient assessment, harmonised data collection, predefined clinical
outcomes, and a multimodal analytical approach designed to integrate neuroimaging, elec-
trophysiological, autonomic, and clinical data. The study exemplifies a precision medicine
approach by aiming to individualise treatment selection based on patient-specific biologi-
cal characteristics rather than relying solely on conventional clinical criteria.

Conclusion:

The PRECISE study provides a robust methodological framework for developing predic-
tive biomarkers to optimise patient selection for vagal nerve stimulation in drug-resistant
epilepsy. It illustrates how investigator-initiated clinical research can integrate advanced
diagnostics, multimodal biomarkers, and personalised medicine approaches to improve
clinical decision-making. The study further demonstrates the role of academic clinical re-
search in translating innovative diagnostic strategies into evidence that supports more ef-
fective and individualised patient care.

172



ANNEXES - COLLECTION OF AUTHOR'S PUBLISHED SCHOLARLY WORKS WITH
COMMENTARY

? frontiers
in Neurclogy

STUDY PROTOCOL
published: 21 March 2022
dioiz 102289 newr 2022.835463

OPEN ACCESS

Edited by:

Etephan Schusle,
Nortfwwestarn Liniversity, United Statss
Reviewed by:

Anipanata Balabanoy,

Rush University, United States
Sara Gasparn,
Universify of Catanzarn, #al
*Comespondence:

Miizr Brazdi

iz brazdi@med. muri.cz

Specialty section:

Thiz articke was submitted fo
Epiepsy,

a soction of the jowmal

Fromtiers in Neurology

Received: 159 Docamber 2027
Accepted: 18 Fabruary 2022
Published: 21 March 2022
Citation:

Doleraloves I, Kontskovs £,
Souckove L, Chrasting J, Chiadek J,
Stepanove A and Brazdil M (2022)
Frediction of Vags! Nerve Stimuistion
Efficacy in Drug-Resistant Epilepsy
(PRECISE): Frospective Study for
Pra-implentation Prediction/Study
Dieeign. Front. Keurol. 13:835163.
o 10.3538% fnewr 2022 8301683

it

Prediction of Vagal Nerve Stimulation
Efficacy in Drug-Resistant Epilepsy
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Background: ‘agal nerve stimulation (VMNS) can be indicated in patients with
drug-resistant epilepsy, who are not eligible for resactive epilepsy surgery. In VNS
therapy, the responder rate (l.e., percentage of subjects experiencing =50% seizure
reduction) is ~50%. At the moment, there is no widely-accepted possibility to predict
VNS efficacy in a particular patient based on pre-implantation data, which can lead to
unnecessary surgery and improper allocation of financial resources. The principal aim
of PRediction of vagal nerve stimulation EfficaCy In drug-reSistant Epilepsy (PRECISE)
study is to verify the predictability of VNS efficacy by analysis of pre-implantation routine
electroencephalogram (EEG).

Methods: PRECISE is designed as a prospective multicentric study in which patients
indicated to VNS therapy will be recruited. Patients will be classified as predicted
responders vs. predicted non-responders using pre-implantation EEG analyses. After the
first and second year of the study, the real-life outcome (responder vs. non-responder)
will be determined. The real-ife outcome and predicted outcome will be compared
in terms of accuracy, specificity, and sensitivity. In the meantime, the patients wil be
managed according to the best clinical practice to obtain the best therapeutic response.
The primary endpoint will be the accuracy of the statistical model for prediction of
response to VNS therapy in terms of responders and nen-responders. The secondary
endpoint will be the guantification of differences in EEG power spectra (Relative Mean
Power, %) betwesn real-life responders and real-life non-responders to VNS therapy in
drug-resistant epilepsy and the sensitivity and specificity of the model.

Frontiers in Meurology | wew frontiersin_ong
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Dokzaio o a WHE Efica i
Discussion: PRECISE relies on the results of our previous work, through which we
devaloped a statistical classifier for VNS response (msponders vs. nan-respanders)
based an differencas in EEG power spectra dyrnamics (Pre-X-5tim).
Trial Registration: www_ ClnicalTrals. gov, idantifier: NCTO4835567.
K dls. desg wiant apil vagal nerve stirsulation, efficacy predictien, statistical model, sbedy design

INTRODUCTION the propossd project, PRECISE (PRediction of vagal nerve
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Background and Rationale

The mamn goal of epilepsy treatment iz long-lerm seizure
cessation. In two-thirds of patients, seizure-freedom can be
eslablished with antiseizure medication [(ASM) intake {10,
Seizures persist despite ASM treatment in one-third of patients,
and these are labeled as drug-resistant o relractory epilepsy.
Resective surgery should be considered in all drug-ressstant cases.
1 the patient is not EliEiHe fisr resection, neurostimulation can be
indicated as a therapeutic option.

Vagal nerve stimulation (VME) 35 the most commonly
used newrsstimulation method in the treatment of patients
with epilepsy. More than 100,000 patients have already been
implanted world-wide. The therapy with VNS provides a high
chance for 2 substantial seizure reduction. Approximately 50%
of implanted patients are responders (seizure reduction = 50%)
after 1 year of YNS, and about 5 % of implanted patients
reach complete seizure freedom. However, there is a group of
implanted patients, non-responders {setzure reduction <50%),
whi dis not !:IHJ'I.ifII::I:I'IJI:.' benefit from VM5 {2-5).

Currently, we are not able 1o reliably predict the response o
VIS based on patients’ pre-implantation data. This prediction is
crucial for proper selection of VIS candidates, and reduction of
unnecessary surgery and costs associated with the implantation.
Muoreover, the ability to predict VNS efficacy seems to be essential
for VNS use in resource-limited countries.

Our group developed and validated a statistical misdel (Pre-
X-Sm) for the prediction of ¥NS efficacy (6). This algorithm
15 based am the analysis of routine scalp dectroencephalogram
{EEG) data, which 15 the main advantage of our approach because
it is an inexpensive, easily-accessible methed with minimal
burden an the patient. When summarizing the procedure in
brief, we retrospectively identified pre-implantation routine scalp
EEG recardings in patients treated with VIS for drug-resstant
epilepsy. The patients were characterized as responders or
non-responders based on the long-term outcomes. The EEG
recordings were segmented into several lime intervals. In each
interval, the changes of dynamics in EEG power specira were
caleulated. Based on these changes, the statstical classifier
for a prediction of VNS efficacy was developed (Patent No.
EP 3437692). The validity of the model was verified on an
independent data set, in which it was able o predict the
response to VNG with B&% accuracy, 83% wensitivity, and 90%
specificity. The wsability of this model with different EEG
systems was subsequently proven (7L Ouwr previous studies
were, however, retrospective and monocentric, and these are
the crucial lmitations that we would like o overcome with

stimulation EficaCy In drug-reSistant Epilepsy).

Objectives
The study s designed to determine the availabality of VNS
prediction based on pre-implantation data. The main geal is to
validate Pre-X-5tim in a real-life prospective study.

The primary aim of our study is o evaluate whether we are
able to predict VNS efficacy in an individual patient based on the
pre-implantation scalp EEG. We defined two hypotheses:

1. We hypothesize that there are differences in the dynamics
of EEG power spectra in response Lo acltivation methods
[eye-opening/closing, photic stimulation, hyperventilation)
between responders and non-responders 1o VNS therapy.

2. We hypothesize that we can predict the patient’s response to
VNS therapy in terms of responder vs. non-responder by our
statistical musdel baged on the changes in the dynamics of EEG
porwer spectra.

Based on these hypotheses the primary and secondary endpoints
were established. Primary endpoint involves the accuracy of
the statistical model for prediction of response to VNS therapy
in terms of responders and non-responders in drog-resistant
epilepsy, evaluated after 2 years. Secondary endpoints include
{1} the quantification of differences in EEG power specira
[Relative Mean Power, %) between real-life responders and real-
life: non-responders to VNS therapy in drug-resistant epilepsy;
[2} prediction of patients’ response Lo VMS therapy in terms
of responders (=50% seizure reduction from baseline) and
nun-responders {<50% seizure reduction from baseline). Each
endpaint will be evaluated 2 years alfter recruitment.

Trial Design

PRECISE is an investigator-initiated study. 10 is a prospective
multicentric, multinational clinical stuﬂf that will be started
in January 2022 The patients with d.rug-r\esislanl epilepsy
will underge dandard VNS implantation based on a dlinical
decicion. Before impla.nlaliun.. a :ﬂ:alp EEL:, am.'-rdms o Lhe
study protocal, will be recorded. The EEG will be mathematically
processed, and the patient’s predicted outcome in terms of
predicted responder wvs, predicted non-responders will be
statistically determined. The stimulation parameters and ASM
therapy will be modified according 1o the best clinscal practice.
The real-lile outcome will be measured by the percemt of
seizure reduction. Subsequently, the real-life and predicied
outcomes will be compared in terms of accurcy, sensitivity,
and specificity.
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The proposed study is based on the results of our previous
work, through which a statistical maoddel was developed for
the prediction of YIS efficacy based on a mathematical and
statistical analysis of scalp EEG data (6).

METHODS AND ANALYSIS

Study Setting

The PRECISE study has not yet been recruited. The study
is planned to be initiated in nine European countries (Ceech
Repuhli:. France, CGermany, UE, Spain, Austria, F‘urllugaL J1a|:f.
and Hels:um:l m 20332,

Broo Epilepsy Center, the coordimating center for the
study, is responsible for education and tmining of research
stalf, I:r.l.n:]unj; parli:i.'panls' enralment, mathematical anal\_.-sis.
including statistics af scalp EEG, and reporting of the study.

The other collaboraticn  centers  are  responsible  for
patsent selection according o elgibility criteria, adberence
1o all eriteria af the s‘h.l.d.\_.- as  described  below, and
adjustment of ASM and VNS therapy according to the best
clinical practice.

Eligibility Criteria
Inclusion criteria include 1 diagrosis of drog-resistant epilepsy
based on the definition of the International League against
Epilepsy (8). The patient has to be indicated w VNS therapy
based an a dinical decision.

All adult patients with drug-resistant epilepsy indicated b
VNS will be screened in participating centers for inclusion
criteria. Writlen informed consent for each study participant wall
be abtained prior o any data collection.

Inclusion criteria are as follows:

1. Drrug-resistant epilepsy indscated te VNS based on clinical
decigion. Drug-resistant epibepsy s defined as a failure of
adeguate trials of two tolerated, appropriately chosen and used
antiepileptic drug schedules (whether 2 monotherapy or in
combination} ¢ achieve sustained seizure reedom (8],

I Age =18 years

3. Availability to record 20 min EEG with photic stimulation,
hyperventilation, and eye-opening/chosing according o the
pre-defined protocol.

4. Availability of seizure diaries at least 3 months before VRS
implantation OR reliable information about seizure frequency
at least 3 months before VNS implantation.

. The abality of 2 patient/family member/caregiver b record
seieures precisely into setzure diares OF the ability of a

Ln

patient/family member/caregiver o repart seizures precisely
in other ways.

6. In cases with very high serzure frequency {several seieures
per dayl, it is acceptable w report only the davs withowt
any seizures.

Patients meeting any of the following criteria are excluded:

1. The indication and p|u.11.r|i:r|.3 af resective brain SUFGEry s
2 treatment option for drug-resistant epilepsy. IF a patient

clearly demonstrates refusal of resective surgery, the patient
can be included in the study.

2, The presence of psychogenic non-epileptic seizures which
cannot be reliably distinguished from epileptic seizures by 2
patient/family member/caregiver.

3. The presence of another condition that can resemble epaleptic
seizures and which cannot be reliably distinguished from
epilbeptic seizures by a patient/family member/caregiver.

4. Metabolic condition or ather diseases, in which an increase of
seizure frequency can be expected.

5. The inahbality of a patient to make regular visits.

. Life expectancy shorler than 2 years.

Who Will Take Informed Consent?

The study protecsd incuding the informed consent will be
reviewed and approved by the Institutional Review Board at each
of the sites. A trained stody invesligalor will describe the sudy
o patients or o authorized surrigales il applicable. Patients
will alse receive information sheets. The study investigator
will discuss the sudy with patients based on the information
provided in the information sheets. The study investigator will
abtain the wrtlen informed consent from patients willing o
participate in the trial. In the case of patients who are unable
10 ;Ei.\-u consent because of a medical condition, their uhi.]i.ﬂ' Lo
participate in the study will be amessed by a medical council
consisting of at beast one independent physician, whe is informed
abaut the study detals, and one study investigator.

Additional Consent Provisions for
Collection and Use of Participant Data and
Biological Specimens

A part of informed consent will be dedicated o rewsing the
data abtained in the proposed study o improve the proposed
statistical model or the development of a novel predictive
statistical maodel. The study conforms to the Consolidated
Standards of Repurlmg']'riah [CONSORT) 5u:||]u|i.nus.

Interventions
Explanation for the Choice of Comparators
Mot applicable. The comparator is not used in this study.

Intervention Description

Assessment 0 inclodes screening for eligibility criteria and
abtaining baseline data on subjects participating in the study.
After signing the informed consent, the patient will be given 2
unigue code with which all data will be labeled. The demagraphic
information, health history, including psychiatric dissase and
type of epilepsy, concomitant medication (ASM and other drugs),
and seirure frequency will be collected. The setzure frequency
will be analyzed based on the patient diary. Standard EECG will be
recorded according to the protocol described below. Patients will
e asked to All in a questsonnaire focusing on the quality of life.

Protocol for EEG Recording

The EEG will be recorded on the EEG recording system with a
samphng frequency of 250 He ar highur. with electrodes placed
an the scalp according to the 10-20 system (with the following
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TABLE 1 | Frocatned segmeants ondering in tha coursa of EEG recording.

Segment 1 Aest 1 churation al last T min
Segmant 2 Eyes churation ol lsast 105
cpaningsolasing
Segment 2 Aest 2 duration al lsast 10s; immeciataly afier ey
[T
Segment 4 Protic slimulaion feouencias: 5 Hz [10s5]- 11 Hz
slmedation (1Ds—15He D s-20H: (10s)}-25H:
(Ds—30H: HDs-25He S5 -20Hz
B s 15H2 & 5)— 10 Hz |55 -5 Hz 15 5f; kghi
ransity ot kask 07 Jouks
Segment 5 Hypenomilalion  duration at least 4-min (2 min ypersentlation

by nosa 4+ 2min bypenseniiabion by moudn)

Segmant B Eyes churation ol lsast 105

opaningkeEing
Segment 7 Aest 3 duration ol least 105, immediataly aher aye
chosune
Eegmant B Rt 4 luration ol sk 2 min

electrodes: Fpl, Fpl, F7, F3, Fe. F4, F8, T3, C3, Cx, C4, T4,
TS, B3, P, P4, T6, O], and 02}, Different electrode names are
allowed, but their position must correspond with the position of
the previously defined electrodes. Additional electrodes are alse
allowed, but will not be evaluated within the study. EEGs with
fewer or differently-positioned electrodes are not allowed.

The EEG is recorded in a supine position with eyes cloged,
excepl for periods with opening of eyes. The recorded EEG wall
have a duration of 20min or more and must contain defined
segments in the I'u"uwing wrder as in Table 1.

The recorded EEG will e anonymized and labeled by a unigue
code previously attributed 1o a patient. In the next step, the
EEG will be sent for mathematical/statistical processing. Based an
this processing, the patients” predicied response to VNS will ke
determined in terms of predicted responders (seizure reduction
=50%) vi predicled non-responders (seizure reduction <50%).
Meither the patient nor the physician will be informed about the
classification results.

Two assessments are designed for patients’ folbw -up:

Assessment 1 —1 vear alter stimulation nittalization, and

Assessment 2—2 years after stimulation initialization.

The patients will be evaluated I and 2 years after the start
of VNS therapy. The patient will be requested to report any
changes in health history, including psychiztre disease, amd
specific requests will be focussd on changes in medication (A5
and ather drugs), VNS parameters settings, and seizures. The
patients will e asked whether unexpected events influenced their
climical responge. If these unexpected events are regarded as
“clinscally highly impartant” {such as non-compliance eor other
newly-dizgnosed disease worsening epilepsy), the patient can
be excluded based on cinical decisson. The data on seizure
frequency will be collected by reviewing the patients diary.
The reported seizure frequency will be compared with pre-
implantation seizure frequency, and real-life response will e
calculated in terms of real-life responders (seizure reduction
= 50%%] or real-life non-responder (seizure reduction <50%). The
patsents will Al in 2 questionnaire keusing on the guality of

life. If the patient does not tolerate an least the minimal VNS
settings {075 maA) because of serigus adverse events, they will be
excluded from further analysis (the patient’s data will be reported
separately). The patients included in our study will be managed
accerding o the best clinical praxis, Le., the change of ASM and
WM parameters will be done based on the clinicians’ decision to
reflect the real-life respomnse.

The information collected in Assessments 1 and 2, incl‘u.sling
real-life response w0 VHE, will be labeled with the patient's
unique code and sent 1o the cmm]inming center, where it will be
compared with the patient’s predicted response.

At the end of Ascessment 2, patients will be asked if they
are interested in the predicted response w VRS I the answer
is yes, the study physician will contact the coordinating center,
where the predicted response for a given patsent will be conveyed.
The patient will be informed about the predicted response by
telephone or during a regular visit (ool a part of the sudy
protocol, describeed below]).

Criteria for Discontinuing or Modifying
Allocated Interventions

If a patient does nat tolerate al beast the minimal WNS setting
(.75 mA) because of serious adverse events, the patient will

be excloded from further analysis (the patients data will be
reported separately).

Strategies to Improve Adherence to
Interventions

Training before initialization will ensure the Gdelity ﬂuring the
whole study. If there are doubts, the coordinating center will
solve them.

Relevant Concomitant Care Permitted or
Prohibited During the Trial
Regular vigiti—not part of the study probecd.

There are regular visits between Assessments 0, 1, and 2. The
regular visits are nat part of the study protecol. The physscian
will adjust the VNS parameters and change concomitant A5
acn.'-rl:]i.nslu the best clinical practice to obtain the best respanse
with minimal side-effects. The regular visits will be scheduled
according to the individual habits of cosperating centers. The
i:'lunﬁ_e of ASM (types and dusing] iz allowed within the
whole study.

Outcomes

The primary eutcome of the study is the accuracy of the statistical
model for prediction of response to VNS therapy in drug-
resistant epalepsy, expressed as a percentage of correct predictions
[responders ve. non-responders), evaluated after 2 years.

The secondary outcomes of the study are the quantification
of differences in EEG pawer spectra [Relative Mean Power, %)
between real-life responders and real-life non-responders to VNS
therapy in drug-resistant epilepsy and the prediction of patients’
respomse by WNS therapy in terms of responders, expressed
as sensitivity of the model, and non-responders expresed as
specificity of the model. 1If possible, these data can be used for
further improvement of the statistic model.
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TABLE 2 | Participan timaling
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Concomisan medkcaiion = x x
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s dkaty

The study is concerned with the verification of the real-
life validity of our statistical classifier for the prediction of
VME responge bazed on pre-implantation EEG data. The
patients will be classaified based on their predicted response as
predicted responders (2= 50% seizure reduction) and predicted
nom-responders [ <50% seizure reduction). In Assessments 1 and
I, respectively, the patients’ real-life response will be determined-:
real-life re:ipl.'-m]un: (=50 weizure reduction) vs. real-life non-
respander (50% seizure-reduction). The predicted and real-life
respanses will be sitistically compared in terms of accuracy,
sensitivity, and specificity.

The individual patients’ proups (predicted responders ve
predicted non-responders, real-life responders vs. real-life non-
responders) will be compared based on their demographic
data, health ]1.i!-1u:r:.-. ASM, and VNS parameters. A suifable
statistical test wall be chosn concerning the charscleristics of
the data {Pearson’s Chi-sguared test fur categorical variables, and
Wilcaxon-Mann-Whitney test for continuous variables).

Participant Timeline

The schedule of enrolment, intervention and visits is summarized
in Tabbe 2. The study is focused on patients indicated w VNS
therapy as their standard for dinical care and is concerned with
the prediction of VNS efficacy based on pre-implantation EEG.
The duration of the study participation in a given patient iz
I years.

Sample Size
The sample size was estimated for the primary endpoint, which
was defined as the accuracy of the statistical model for prediction
of response to VNS therapy in terms of responders and non-
respancders in drug-resistant epilepsy. During the verification of
the validity on the independent dataset, the model was able 1o
predict the response to VNS with 86% accuracy. The minimal
clinically significant accuracy was set ta 7%, The sample aze is
estimated for the fllowang hypothesss:

Hypathesis HO: p = 0.7 vs. Hypothesis H1: pooalue = 07,

An the lewel ut'sipl.il!'n:u:n.c\eu = 0.005 and wath a pawer af 30%,
the number of patients needed for the analysis of the primary

endpaint is 57 Assuming a drop-out rate of 50%, a total number

of 114 patients should be enrolled.

Recruitment

Becruitment of the patients is planned from January 2022, During
the first 2 years, the wotal planned number of 140 patients will
be recruited. The patsents will be recruited within cooperating
epilepsy centers. The recruitment limited 1o cooperating centers
will ensure the correct indication for VNS therapy and the
adjustment of VNS parameters acoording to the best mesdical
practice, which are not part of the study prodocol self, but are
crucial for the study results.

The VNS will be indicated in a particular patient based on a
clinical decision as a standard of the patient’s therpy (e, the
indication of VINS is ot a part of the proposed project). The
patient will be informed about the study on a pre-implantation
wvisit txr by a tebephone call, during which indtial eligibality for the
study will ke determined, and the study protesce] and desgn will
be explained by the research stafl.

Assignment of Interventions: Allocation
Sequence Generation
Mo applicable. This sludy is not randomized.

Concealment Mechanism
Mt applicable. This study is not randomized.

Implemantation

The study investigator enrolls the participants. The other
collaboration centers are responsible for patients’ selection
according o eligibility criteria, adherence o all criteria of
study as described below, and adjustment of ASM and VNS
therapy according te the best clinical practice, and enrolling
the participants.

Assignment of Interventions: Blinding
Who Will Be Blinded?
Mt applicable. This study is not blinded.

Procedure for Unblinding If Needed
Mo applicable. This study is not blinded.

Data Collection and Management

Plans for Assessment and Collection of Outcomes
The study will collect demegraphic and baseline characleristics
from medical records and electronic medical records, inn:lu.sling
age, sex, type of admission, and baseline characteristics such as
bady weight, bidy height, patient history, and pharmacological
history. Besulis of EEG tests and neurolegical assessment will be
documented in the elecironic medical records and entered by the
trial investigator in the electronic case report form {=CRF).

Plans to Promote Participant Retention and
Complete Follow-Up

The study site will make every reasomable effort o follow the
participant for the entire study period. Study site galfl members
will be responsible for developing and implementing local
stanclard operating procedures 1o achieve maximal fllow-up.
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Data Management

The study data will be entered online in an Internet-based
database []lul]l'_'u'p'k] aned collected from medical records. The
study stafl members will have access o the medical records of
the patients. Investigators will be respensible for screening the
patients, obtaining informed consent, collecting study data, and
entering the data in the eCHF. A statstician will analyes the
study data in cooperation with a principal investigator. The data
will be stored for 15 years after completion of the study and
then destroved. To promete data quality, the eCRFs of each
participant will be reviewed by another member of the study team
as mesnitor.

Confidentiality

All slud}'-n.-]nluﬂ infrmation will be slored mrul\_.- at the slud}'
site. All participant information will be stored in locked file
cabinets in areas with limited access. All local databases will be
secured with password-protected access systems. Forms, lists,
bogboseks, appointment books, and any other listings that link
participant [D numbers to additional idenl:lt':.-i.nﬁinl-m'mal ion will
be stored in a separate locked file in an area with limited access.

Plans for Collection, Laboratory
Evaluation, and Storage of Biological
Specimens for Genetic or Molecular
Analysis in This Trial/Future Use

Not applicable. In this study, no bielegical specimens for genetic
or molecular analysis will be collected.

Statistical Methods
Statistical Methods for Primary and Secondary
Outcomes
Subjects will be classified wsing logistic regression or another
classifier (such as support vector machines or linear discriminant
amalysis) as predicted responders or non-responders. The
predicted outcomes will be compared with real-life oulcomes
to determine the accuracy, sensitivity, and specificity of our
statistical maodel. The accurncy will be calculated as the
proportion of correctly predicted  responders and  correctly
predicted non-responders within the whole analyzed population.
The minimum clinically s:ﬁn:li:nnl accuracy was set to T
The wensitivity of the musdel will be expressed as the proportion
of predicted responders within all real-life responders. The
specificity of the model wall be expressed as the proportion of
predicted non-responders within all real-life non-responders.
EE(: power spectra
world!predicied responders vi. non-responders will be examined
using twi- samiple 1-test or Mann-Whitney test, as applicable.

As a bevel of statistical significance, & = .03 will be used for
all statistical tests.

[ifferences  in  the between  real-

Interim Analyses
Mot applicable. Interim analysis is not planned.

Methods for Additional Analyses (e.g. Subgroup
Analyses)
Mot applicable. Additional analysis is not planned.

Methods in Analysis to Handle Protocol
Mon-adherence and Any Statistical Methods to
Handle Missing Data
Mo analysis populations are defined for this study. Protocol non-
adherence will be assessed by the principal investigator case by
case. Patients with major protocol deviations will be excluded
from the anal].-s:m

Missing data are mst planned to be imputed. However, in the
event of substantial missing data for any parameter, a sensitivity
analysis using any methid of imputation coubd alse be wsed.

Plans to Give Access to the Full Protocol, Participant
Lewel-Data, and Statistical Code

Data sharing statement: No later than three years after the
collection of the second year after the last patient’s last visi, we
will deliver a completely anonymized data set o an appropriate
data archive for Hharing purposes. Statistical codes will be
archived following GCP and 50Ps.

Owversight and Monitoring

Compaosition of the Coordinating Center and Trial
Steering Committee

Mot applicable. Mo coordinating cemter or a trial steering
commitiee will be established.

Compaosition of the Data Monitoring Committes, Its
Role and Reporting Structure

Mot applicable. Mo data monitoring  committee will be
established. The study interventions as VNS or EEG are
parts of the standard care of patients with drog-resistant
epilepsy. The studied wal is a statistical mathematical maodel
predicting the respensiveness 1o VN5

Adversa Event Reporting

Serious adverse events have been reported according to the
standard rules and standard operating procedures of the
coordinating unit. All study participants will be mamitored for
petential adverse events. We do nol expect any advers: event
1o be associated with the Pre-X-5tim because it is a statistical
mathematical model evaluated as a tool able 1o pred:u:L the
respanse Lo VNS,

Frequency and Plans for Auditing Trial Conduct

Trial conduct will be audited by the Institutional Ethics
Cemmittee every vear during the study. The pracess of audsting
will be indepencdent of the investigator and sponser.

DISCUSSION

[n the population of patients with drog-resistant epilepsy, VRS
represents a well-established treatment option te standard ASM
and resective surgery. ASM fails to abolish seizures in one-third of
patients (1), Resective surgery represents 3 gold standard for the
ireatment of these patients with a high probability of complete
seieure remission (9). However, there is a large group of patients
who are not eligihle for resective SUrgery because of several
reasons, namely, our inability o form a rational hypothess on the
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precise localization of the epileptogenic zone even with the use of
invasive EEG recording, multifocal epilepsy, severe intellectual
disability, and personal reasons. In all these cases, VME can
represent a method of chedce with a relatively kaw risk of surgical
and pusl:-surgica] :um'p]in:aﬂiuns{ 1),

We have relatively precise knowledge shout VNS efficacy in
drug-resistant epilepsy based on our experience with 2 large
group of already implanted patients {2-5, 11} An individual
patient has a chance of about 50% 1o become a responder (2= 50%
seipure reduction) in the firs year, and this chance increases
to ~60% in the [fth year. The YIS has proved its superiority
with respect to seizure-reduction and guality of life, even in a
prospective randomized controlled trial (12}

It is widely known that betler response o VNS is present
in children, in patients with generalized or post-traumatic
epilepsy or patients with tuberous sclerosis. However, we are
nat able to predict the efficacy of an individual patient based
on histher pre-implantation data. In this sitwation, it s dear
that some patients, family members, caregivers, and physicians
do not have confidence in this trealment option. 11 seems
crucial to reliably identify responders 1o VNS based on their
clinical data pre-operatively, to minimize unnecessary surgery
and additional costs.

Al the moment, four studies have focusied on the pm].i:tim'l.
af VNS efficacy based on pre-implaniation data {see below).
Remarkably, all works share a similar theoretical concept,
specifically the functional mechanism of VN5 action. The
mechanism of VNS action, despite not being fully understosd,
relies on the afferent projections of the va.ga| nerve bo the nucleus
tractus salitarivg (NTS). NTS has a dense connection with ather
brainstem structures, thalamus, and limbic structures, and just
the modulation «of thalamecortical circuits @ suspected o be
respansible for YMS action (13- 16).

Our group developed the statistical classifier based on
standard EREG records. Moreover, we managed to prove ils
validity on an independent patient data set. On the other hand,
the most imporant limilation associated with our previous
resulls is the retrospective and monocentric nature of our study.
We aim to overcome these limitations through the proposed
privect PRECISE.

PRECISE will be a prospective multicentric study that wall
be conducted in co-operation with several well-established and
experienced epilepsy cenlers in Europe. These centers were
chosen to be able to correcily identify suitable candidates
for WIS therapy, adjust ASM or YIS parameters Lo oblain
the best response, and minimalize side-effects. We decided
on this "best clinical practice” misdel because this approach
reflects the regular daily practice that 35 essential for further
applicability of our statistical classifier. This classilier 15 based
on analyzing routine scalp EEG, which we supposed 1o be its
main advantage. The scalp EEG is a pasnless, non-distressing
method that can be recorded everywhere with minimal cosix
for purchasing the device. Above all, routine EEG recording is
an abligalory investigation performed in all patients sulfering
from drug-resistant epilepsy. Thus, the design of our study is

uncomplicated, which s essential for patient recruitment and
stsdy fidelity. The patients have to make regular visits for VNS
and ASM adjustments. We added three additional assesments—
ame before and two after stimulation initialization (year one
and twal. During these visats, the primary clinical informatson
and seizure frequency will be evaluated. The most problematic
and discussable part of our protecel is the evaluation of seizure
Ireguency. This activity is standardly done by a review of patients’
seiwure diaries, which is the practice that is corrently used in
all dlinical studies determining the capability of therapeutic
intervention to reduce seimure frequency. We are very much
aware that the information in seizure diaries could be influenced
bath unconsciously (ie. postictal amnesial and consciously
{i.e, rental tendencies). However, there is currently no available
possibility o determine the precise seizure frequency over the
course of 2 years. We included only adult patsents {ie. older than
18 years). If we prove the utility of our statistical classifier in this
population, we would like 1o conduct a similar study For children
as well, because they represent a population with a high benelit
from correctly indicated VNS and form approsimately one-third
of all implanted patients.

In the text: We also see the limitations of our study. We
primarily fiscused on seiowre frequency and seizure reduction. On
the ather side, it would be helpful 1o analyse the impact of VNS on
aher aspects of patients’ life, 1.0, mood, cognition, and memory.
However, these analyses require more time for both physicians
and patients. We tried e keep our study as simple as possible
because we nesded 1o include a relatively large propostion of
those implanted 1o reach the results in a realistic period of 2-
3 years. This limitation is conditioned by the fct that each
cenler implants enly a few (5-10) adult patients per year, which
was the information obtzined in sur survey among European
epilepsy centers.

Asx mentioned above, three other stodies p:rm]in:luﬂ WS
efficacy on pre-implantation data with similar acouracy (17-19).
[brahim et al (17) published a prediction model baged on
the analysis of resting-state functicnal magnetic resnance
imaging (IMEL) in a group of 21 childeen with drug-resistant
epilepsy. They demonsirated that thalamocortical connectivity
o the anterior cingulate and insular cortices s sronger
in responders than in non-responders (171 The second
study published by Babajani-Feremi et al. (18] predicts VNS
efficacy by analysis of resting-state magnetoencephalography
{MEG). The authors calculated thres 5|u|:|a|. gm‘pﬁ measures
an recorded restng-state MEG, which include modularity,
transitivity, and characteristic path length, in which they
found statistically significant differences between responders
and non-responders (18], The third study by Mithani et al
{19) p:r\m-bd the dilferences in white matter microstruciures
in diffudon  tensor  imaging  (DT1) between  responders
and non-responders.  These differences were  subsequently
used for the construction of a classifier for VMS response
prediction (15).

T conclude, there are several studies published recently
that promize o predict VNS response based on avilable
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electrophysiological and nevroimaging data. We formulated the
statistical model working 25 a classiber for VNS prediction in
retrospective data sets. To determine the validity of this dassifier,
it needs 1o be evaluated in a prospective multicentric study. We
believe this approach has the patentaal 1o significantly improve
clinical management af drug-resagtant epilepsy patients.

ETHICS AND DISSEMIMNATION
Ethics Approval and Consent to Participate

This protocel and the template of informed consent form
were reviewed and approved by the Ethical Commitiee of the
University Hospital 5t. Annes Brno, with respect to scientific
content and compliance with applicable research and human
subject regulations. Informed consent will be obtained from all
participants prior o enrolment in the sudy.

Plans for Communicating Important
Protocol Amendments to Relevant Parties
(e.q., Trial Participants, Ethical
Committees)

Any modificataon of the protocol that may affect the conduct of
the study, the potential benefits to the patient, or patient safety,
:n:lu.sling changes in study objectives, sudy ﬂunp‘t. patient
population, sample sizes, study procedures, and significant
administrative aspects, will require a formal amendment of the
protacol. Any amendment will be agreed on and approved by
the ethics committes before i.|11|1|ur.|1.n.-r|1aliun.. and the health
authorities will be neafied, in accordance with local n.-sulm:luns
The prodocal amendment will be went to all members of the study
team by e-mail. All attending investigators and stedy nurses of
the study units will be acquainted with the amendment at a
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7.11 Annex 11

Hlavackova E, Pilatova K, Cerna D, Selingerova I, Mudry P, Mazanek P, Fedorova L, Mer-
hautova J, Jureckova L, Semerad L, Pacasova R, Flajsarova L, Souckova L, Demlova R,
Sterba J, Valik D and Zdrazilova-Dubska L (2019) Dendritic Cell-Based Immunotherapy in
Advanced Sarcoma and Neuroblastoma Pediatric Patients: Anti-cancer Treatment Preceding
Monocyte Harvest Impairs the Immunostimulatory and Antigen-Presenting Behavior of
DCs and Manufacturing Process Outcome. Front. Oncol. 9:1034. doi:
10.3389/fonc.2019.01034

Summary

Purpose:

The study aimed to evaluate the impact of anti-cancer treatment administered prior to
monocyte collection on the manufacturing process and functional quality of dendritic cell
(DC)-based vaccines in paediatric patients with advanced sarcoma and neuroblastoma. The
research addressed an important translational challenge in cell-based immunotherapy by in-
vestigating whether previous chemotherapy influences the feasibility and immunological
potency of autologous dendritic cell products.

Methodology:

This investigator-initiated translational study analysed monocytes collected from pae-
diatric patients enrolled in a dendritic cell immunotherapy programme. The manufacturing
process of dendritic cell vaccines was evaluated according to Good Manufacturing Practice
(GMP) standards, while functional analyses assessed dendritic cell maturation, antigen-pre-
senting capacity, cytokine production, and T-cell stimulatory potential. The effects of dif-
ferent anti-cancer treatment regimens on manufacturing success and biological function
were compared with those of healthy donor-derived dendritic cells.

Results:

The study demonstrated that anti-cancer therapy administered before leukapheresis sig-
nificantly impaired both the manufacturing process and the biological properties of dendritic
cells. Monocyte yield and differentiation capacity were reduced, resulting in lower vaccine
manufacturing success and diminished antigen-presenting and immunostimulatory func-
tions. These findings indicate that previous chemotherapy may compromise the quality and
therapeutic potential of autologous dendritic cell vaccines. The study also identified im-
portant considerations for optimising the timing of cell collection within ATMP develop-
ment and clinical trial protocols.

Conclusion:
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This study provides important translational evidence supporting the optimisation of manu-
facturing strategies for dendritic cell-based advanced therapy medicinal products (ATMPs).
It demonstrates how investigator-initiated translational research can bridge laboratory find-
ings and clinical application by identifying critical factors influencing cell therapy manufac-
turing and product quality. The results contributed to improving the design of subsequent
clinical studies and manufacturing processes for personalised dendritic cell immunotherapy

in paediatric oncology, representing an important step towards the successful clinical imple-
mentation of ATMPs.

183



ANNEXES - COLLECTION OF AUTHOR'S PUBLISHED SCHOLARLY WORKS WITH

COMMENTARY
? frontiers ORIGINAL RESEARCH
in Oncology 0 30aton: 20100104
2z

OPEN ACCESS

Edited by:

Christing Annunziata,

Metiona! Cancer institute NG,
United States

Reviewed by:

Dianigd Gresn,

Kite Pharma, United States
Cladzpo Yehu,

Massachusehis General Hospital
Cancer Cenfer, United Stales

*Comespondence:
Lenka Zdramiova-Dubsks
dubska@maou.cz

1 Thess authors have contributed
aqualy fo this work and are fisted in
siphahetical ordar

Specialty section:
Thiz articke was submitted fo

Cancer Molecular Targets and
Thevapeutics,

a zection of the joumns

Frontiers i Oncology

Received: 19 July 2018
Accepted: 24 September 2018
Published: 25 Jcfober 2010
Citation:

Hisveckova E, Filstova K, Cema [0,
Salingerova |, Mudry P Mazansk F
Fedorova L, Merhautovs J,

Jureckova L, Semersd L, Pecasove A,
Fajzsrova L, Souckova L, Damiova A,
Sterba J, Valik D and
Zdraziova-Dubsks [ (2015) Denariic
Cell-Bssed Immunatherapy in
Advanced Sarcoms and

Anfi-cancer Treafmeant Freceding
Monocyte Hervest Impairs the
Immunostimuiaton: and
Antigan-Fresenting Behavior of DCs
and Msnufsciunng Frocess Outcome.
Front. Oncol 97034,

dioi: 710.338%Fonc 2019.07034

Dendritic Cell-Based Immunotherapy
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Neuroblastoma Pediatric Patients:
Anti-cancer Treatment Preceding
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Immunostimulatory and
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and Manufacturing Process Outcome
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Despite efforis to develop novel treatment strategies, refractory and relapsing
sarcoma, and high-risk neurcblastoma continue to have poor prognoses and limited
overall survival. Monocyte-derived dendritic cell (DC}-based anti-cancer immunotherapy
represents a promising treatment modality in these neoplasias. A DC-based anti-cancer
vaccine was evaluated for safety in an academic phase-Vl clinical trial for children,
adolescents, and young adults with progressive, recurrent, or primarily metastatic
high-risk tfumors, mainly sarcomas and neurcblastomas. The DC vaccine was loaded
with self-tumor antigens obtained from patient tumor tissue. DC vaccine quality was
assessed in terms of DC yield, viability, immunophenotype, production of IL-12 and
IL-10, and stimulation of allogenic donor T-cells and autclogous T-cells in allo-MLR
and auto-MLR, respectively. Hare, we show that the outcome of the manufacture of
DC-based vaccine is highly variable in terms of both DG yield and DC immunostimulatory
properties. In 30% of cases, manufacturing resulted in a product that failed to meet
medicinal product specifications and therefore was not released for administration to a
patient. Focusing on the isolation of monocytes and the pharmacotherapy preceding
monocyte harvest, we show that isolation of monocytes by elutriation is not superior to
adherence on plastic in terms of DC yield, viability, or immunostimulatory capacity. Trial
patients having undergone monocyte-interfering pharmacotherapy prior to monocyte
harvest was associated with an impaired DC-based immunotherapy product outcome.

Frontiers in Oncology | wwe frontiersin.org

184

1 October 2010 | Violume B | Arfice 1034



ANNEXES - COLLECTION OF AUTHOR'S PUBLISHED SCHOLARLY WORKS WITH
COMMENTARY

Certain combinations of anti-cancer traatment resulted in a smilar pattern of inadequate
OC parameters, narmealy, a combination of temozolomide with inrotecan was associatad
wilh OCs showing poar maturaton and decreased mmunostimulatory features, and
a cambination of pasopanib, topoatecan, and MTD-basad oyclophosphamide was
associated with poor monacyte difarantiation ard decraased DG immunostimulatary
paramaters. Searching for 8 sumogate marker predicting an adverss aulcorma of DC
rmanufaciura in the paripheral bood cormplete bloed count paar to monocyte harvest,
wa absarved an association batwean an increasad numbear of immature granukicytes in
peripheral blood ard decrased potancy af tha DC-basad product as quantified by alka-
MLR. Wi canduds that the DC-manutacturing yield and the immunastirmulatony quality
of anti-cancer DG-based vaccines gerarated fram the manocytas of patiants wena nat
influenced by tha monocoyte isalation moedality but were detrimentally affected by tha
spacific combination of anti-cancer agents usad prior to monocyte hanvest.

Kiywords: dendritic cells, anti diiations, nourablastoma, collbased medicingl product
inwestigabor initiated clinical trial, manufecturing outeomd vafabdlity

INTRODUCTION

Several prisgressive and :ru|:|.|:|si:r|.3 ma|i.;5na.11.r.iu: in pediatric
patients have dismal life prognosis. Refractory newroblastoma
and refractory or melastatic sarcoma have an espedially poor
prognosis, with no consistently curative treatments available
Ohberlin et al {1} published a meta-analysis of North American
and European studies on primary metastatic sarcomas and well-
defined risk factors that—where two or more are present at
presentation—distribute patients into a subgroup with anly 2
14% event-free and overall survival probability at 3 years from
diagnasis. Patients over 10 years «f age with limb primary
or “other site” primary tumors with the alveolar subtype
of rhabdomyosarcomna, bone marrow or bone involverments,
and more than three metastatic sites are defined as having
markers for 2 worse progmosis (1), Similar results wers
published in a study of relapsed rhabdomyosarsomas, with
the prognasis fur survival b-ejng < 10% at 5 years (1) In
high-risk. newroblastoma, survival after relapse is poor, aml
the wsual life expectancy s = & monthe Based on our
experience, patients with newroblastomas with a high MIBG
score afler induction therapy have very poor 2-year survaval (3).
High-risk rhabdemyssarcomas are treated according 1o several
globally accepted protocols with a combination of chematherapy,
surgery, and radwtherapy. Chemotherapy regimens consist
af the alkylating agent sfosfamide or cyclophesphamnide and
vinca alkaloids combined with either etoposide or doxorubicin
and actinomycin [ The oytotoxic chemotherapy regimens
for n.-]apsed and rufraduu':.l neurablastoma I::.-p:u:au:.- use a
combination of camplothecing, topotecan, and irinotecan with
agents such s cyclophosphamide and  temozolomide, and
achieve uhiedire umor respdmses bt poor hn5-1=:|'m oulcomies.
Far such pueoT-prognosss pabients, treatments with innovative
and metronomic therapies {eg., COMBAT, METRO} {4, 51,
cell-based immur.ml.]'l.ump:m: (6, 7). and mowvel mdb:u|:u'|'|.'
lnrﬂeled agents (5] are justified and are abso effective in

many  cases, although their long-term effect has yet 1o
h ‘].Emunsl.rﬂl!d.

DCs are essential antigen-presenting cells for the mitiatiam,
maintenance, and regulation of immune response (9). Active
cancer immunotherapy directs the immune system 1o attack
twmor cells by targeting  tumor-asseciated  antigens. We
manufzcture a fully personalized monocyte-derived dendritic
W]I.bil!d vacoine |J'|.ﬂ|. Wax El‘luﬂ.ﬂd in lhE in‘«'!“lwur'
initiated clinical trial “Combined antitumer therapy with ex
vive manipulated  dendritic cells prodocing  mterleukin-12
in children, adolescents, and young adulis with prupu::itf.
recurrent, or primarily metastatic high-risk tumers” {EudraCT
number 2014-0103388-38). The primary endpoint of the trial was
an assessment of safety by analysis of the frequency of sccurrence
o AESI (adverse events of special interest). Vaccines that meet
quality control [0C) requirements are registered for wse and
applied intradermally every 2-4 weeks for up 1o 35 doses.

Dendritic  cell-based  medical  producs  are mostly
manufactured through derivation from menccytes. Autologous
monocyles are readily accessible and can be obtained from
peripheral bleed in sulficient amounts to prepare 1P -10°
e Monocytes arise from hematological precursors i bene
marrow, with a maturation time of S0-60h {10), and enter
the blosdstream for several days until their recruitment into
tismues, where they possess the property 1o malure inbo tssoe
mxmphaﬁes (11} .":'p-eciﬁn:a]h'. the classical CIid4++ CD16-
subpepulation representing 80-95% of circulating monocytes
has a 1-day lifespan in circulation, the intermediate CD14+
CD16+ subpopulation {2-8% of circu|al:|r.|$ monocyles) has
a d-day lLifespan, and the non-classical CD14+ CDL6++
subpepulation [2-11% of circulating menccytes) has a 7-day
]i.l':span in circulation (12-14). Monocyte count and function
are nfluenced by various anti-cancer agents. Mevertheless,
the published data on the impact of particular anti-cancer
agents on the development and function of monocyles are
scarce in comparison with those on hematologic toxicity
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toward newtrophils and lymphocytes. As most anti-cancer
agents Larget DA, IJ'LE:.- interfere with di'l.'iﬂi.nﬁ cells :n:lu.sling
hem:ﬂupuulic cells. Alse, yrosne kinase inhibitors [r\esum.femb\,
sunitinib. sorafenzb) are associated with adverse events :n:lu.sling
hemaluhlgica] toxicities [15). Rusurafenib hemnlulugi:a] Loxicity
has been explained by the TK inhibition of FMS like tyrosine
kinase 3 (FLT-3} and stem cell factor (c-BIT ligand), which
represent hematopoietic growth receplors (15, 16}, Reduction in
the circulating monocyte count after sunitinib has been shown
{17). Monocytes are also highly sensitive b the methylating
agent temodomiade (TME} (18, 19). Cisplatin and carboplatin
have been shown o alter monocyte differentiation to favar the
generation ul!'lL-]D-anJun:mH M2 macruphaﬂ\es (2.

Various chemotherapeutics affect cell differentiation and the
antigen presentation of DCs when treated i vitro during the
differentiation process (21} Data are lacking on the potential
in vive impact of hematotoxic agents on the properties of
medicinal proucts from monocyte-decived DCs, During the
manufacture of DC-based anti-cancer immunotherapy under
stringent (MP-compliant conditions, we experienced highly
varighle final product parameters in terms of bath DO yield
and immumnestimulatory properties, and we hypothesized that
hematotoxic anti-cancer therapy preceding monocyle harvest
may influence the quality of DC-based medicinal products
The issue of the effect of pharmacotherapy on the quality of
human monocyte-derived DMCs cannot be reliably assessed in
mimicked conditions by in vifro pretreatment of monocytes by
anti-cancer agents. Thus, data addressing this isue can only ke
gathered retrespectively from real-life clinical conditions, such
as gur clinical trial, 1]1.u|.|gh with a limited number of patients
included. Here, the Phase-1711 clinical tral prul:uuﬂ d.esisr.mﬂ for
heavily pre-treated cancer patients with heterogenic anti-cancer
therapeutic protocals allows us to observe and analyee the effect
of pharmacotherapy on the quality and presumably alse on the
anti-cancer action af ex vivo-manufactured DCs,

Therefore, vur primary aims were to analyze the impact of {i)
cyledoxic and lnrﬂeled anti-cancer therapy pr\mﬁling mamcyle
harvest and (i} variability in the complete bloosd count on the
quality of DC-based anti-cancer immunotherapy in high-risk
sarcoma and neurchlastoma patients, representing the two main
diagneses in the DC clinical trial A secondary aim was
revenl whether monocyte isolation by elutriation is superior 1o
the solation of monocytes through theic adberence to plastic
cultivation flasks.

METHODS

Patients and Clinical Trial

Clinical Trial Eligikility and Allowed Medication

Patient eligibility/inclusion criteria for the clinical trial included
being 1-25 years old mabe/femnale with histologically confirmed
refractory, relapsing, or primarily metastatic high-risk tumers
and having 2 performance status {Earnebky or Lansky score)
> 50 and a life expectancy «f longer than 10 weeks. Patients
had w0 be clinically eligible for the surgical procedure
harvest tumor tissee for histological verification and tumor
antigen extraction. Female patients had to have had 2 negative

pregancy test. All patients had to bave adequate bone marrow,
h.lne:f.. liver, and heart function, defined as absolute :I1.n.'1.L1rI.'IF||‘.|iI
count [ANC) = 075 x 10%L, thrombocytes = 75 = WL,
]'u:mug]ubin & gl’L. extirmated _5l.1.nmuru.'|a:r filiration rate {eGGER)
= 7 mLmin/1.73 ml, serum creatinine =< 1.5-fold the upper
limit for the appropriate age, bilirubin = 1.5-fold the upper
limit for the appropriate age, AST and ALT =< 25-fold the
upper limit for the approprate age, ejection fraction = 50%, and
fractional shortening = 7% as assessed by echocardiography.
In the case of bone marrow infiltration, the allowable ANC
was = 05 x WL and blood platelets 40 = 10%/L. In
case of liver metastases, AST and ALT had w be =< 5-
fold the upper limit for the appropriate age. The exclusion
criteria were as follows: seroposativity o HIVLZ, TrcPr.lr!rmn
pailicum, hepatitis B or C, known hypersensitivity 1o the study
medication, auteimmune disease that was not adequately treated,
uncontrolled psychiatric disease, or uncontrolled hypertension
defimed as systolic and diastolic blood pressure over the 95th
percentile for the appropriale age and height {patiemts < 17
vears old) or = 160/90 mmEy or diastolic blood pressure = 90
mmiHy {patients = 17 years old). Patients previously treated with
dendrtic cells or participating in another cinical trial during
the 30 days before enrollment were not eligble to enter this
clinical trial

The allowed medication prior 1© monocyte  harvest
{leukapheresis] was as follows metronomic chemotherapy,
immune checkpoint inhibitors, and anti-CD20 antibodies
were allowed as concomitant medication for any time before
]Eukaphuresis. Maonoclonal  antibodies [excepl anti-CTVH),
hig}l.-ﬂuu demuthurapy. and high-ﬂuw corticovds had 1o have
been withdrawn at least 3 weeks prior to leukapheresis with
the exceplion of corticoad treatment of brain edema, which
was allowed. Since November 2017, an amendment has been
made to the procedure for monecyte harvest, and tyrosine kinase
inhibitors have to be withdrawn m:n:urdingm their half-life: d:ruﬁx
with a short half-life of 3-14 h must be withdrawn at least 2 days
hefore ]Eukaphun.-si.s {axitinih, dabrafenih, dasatinib, ibrutinib,
idelalisib, nintedanib, ruxelitinib, and trametinib), drogs with 2
medium half-life of 15-35h at least 7 days before leukapheresis
[alectinib, bosutinib, lapatinib, lenvatinib, nilstinib, csimertinib,
paapanib, ponatinib, ruﬂurﬂl’enih. and non-TE] everalimuos),
and drugs with a long hall-life of 36-60h at least 12 days before
leukapheresis {afatinib, ceritinib, erlotinib, SEr:Iti:l'Lib. irmatinib,
cabozantinib, crizotinib, serafenib, sunitinib, vemurafenib, and
nan- TE] temsarolimus). Myeloposetic growth factors have to be
withdrawn at beast 7 days before leukapheresisimonocyte harvest

Evaluation of Preceding and Goncomitant Therapy

A precise analysis was  performed  of preceding  and/or
concomitant therapy 60 days before monocyte harvest for dindcal
trial subjects with neuroblastoma and sarcoma diagnoses. Data
were mined from the clinical trial electronic case report form
and the subjects’ medical records. We particulady focused on
therapeutic agents with a potential impact on the generation of
DHCs from monecytes and on DC immunestimulatory properties.
These agents and the reports on their role in momecyte biology
are summarized in Supplementary Table 1.
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DC Manufacture and Quality Control
Dendritic cell vaccine manufacture encompassed two phases—
{i] preparation of tumor lysate as 2 source of the patient’s tumor
antigens and {ii) preparatien of monocyte-derved DCs and their
beading with tumor lysate. Quality control tests evaluated wlety
{negativity fisr pnthuge:ru], identity (cell immunophenotype),
viability, and functions {cytokine production, stimulation of T-
cellsh. The flow and decisson tree of the manufaciu ri.ns PriCess is
shown in Supplementary Figure 1.

Self-Tumor Antigen Extraction

Tumor lysate was prepared from the tumors tisswoe oblained from
the patient during curative surgery or extended biopsy. In Clean
Fooms, necrotic areas and connective Lissue were removed from
the tumor tssue with a surgical scalpel, keepang the specimen
immersed in buffersd solution. The remaining lissae was siced
mnto fragments of aboul (.5 mm with a scalpel and forceps and
then further crushed with the back of a syringe. Each suspension
of tumar fragments and cells in HBSS was lysed through repeated
{5 times) freezing in liguid nitrogen and thawing a1 37°C. The
crude tumor lysate wuscunlnl'u.;ﬁuﬂ at 450 g7 min/4° o remove
particulate components. The tumor lysate was released for DC
manulacture if the I'ul||.1wing criteria were met: (i) presence ol
viable tumar cells reported by a histopathologist, (i} protein
concentration, and it} microbiological sterlity.

Peripheral Mononuclear Cell Collection

Momscytes were harvested as part af the mononuclear while
blood cell (WBC) fraction. Mononuclear cells were collected
from the perpheral blosd of the patient using the Terumas
BCT Spectra Optia Apheresis Systern. For collection, we used
either an intermittent or continuous keukapheresis system. Due
to ils superior collection efficacy and easier procedure settings,
we have preferred the continvous leukapheresis system since
April 2018 A citrale dextrose solubion, solution A [ACD-A),
was used as an a.nLi:uaEuJanl. In patients with a body '\‘I‘EiE}I.I.
of = kg, anticoagulatien with hepann was wsed to prevent
citrate toxicity. The requirement for the minimal WBC count
was 3 3 WP/L before the initiation of beukapheresis. To prevent
risk o bleeding or ischemic complications during and after the
procedure, hunwsh'.lbi.n af at least 80 gL and platelets of at least
3w 1%L were required. In case of a patient with a bady
weight of < 20kg, the leukapheresis set was pre-filled with donaoe
erythrocytes. The aim of the leukapheresis was o obtain 60-
Bl mL of concentrate of mononwclear cells with a content of at
least 0.5 = 10" maonacyles. Subsequent addition of 5% human
albumin te the minimum required volume of 80 mL for further
processing was allowed.

DG Manufacture in Clean Rooms

The numbers of WBCx, B-cells and T-cells, mesrHACyLes, anad
gramulocytes in the keukapheretic product were evaluated using
a humaluhy analy:ur [XT-4000, Sysmex) amd Pow cylometer
{FC-500, Beckman Coulter] with :l:uni.nﬂ for CD3 (clone
VCHTL, Beckman Coubter] and CDI% {clone 132119, Beckman
Caoulter). Monocytes for DG manufacture were separated from
the leukapheresis product by either elutriation or adherence

1o a plastic surface. During elutration (using an Elutra cell
separaton, Gambra BCT), blood cells were separated on the
basis of sedimentatson vuluc:ll:.- ima six fractions, where the
lagt fraction rich in menecytes was wsed for DC manufacture.
Centaminating cells afler elutriation were mainly granulocytes
with similar sedimentation velocity to monocytes. Five hundred
million monocytes adbered for 2-4h in three 175-cm® tisoe
culture fasks with 35 mL of CellGenix™ GMP DE Medium at
ATO09% GOy and were then washed with HBSS and processed
further. Monocytes seeded from the elutriation product or
attached by plastic adherence were then cultivated in three 175-
em” tissue culture flasks with T0mL of CellGenix™ GMP DC
medium :upplememed with GM-CSE (1000 UfmL, I'_'Eulli-eni:l:"':l
and IL-4 {320 Ufml, Ii..':]l(:':n:l:-i:"“‘] at ITTCIEW COx6 daye
On day 3, a fresh 70mL of medium supplemented with the
same concentration of GM-CSF anmd 1L-4 was added 1o the
culture. On day 6, immature DCs were exposed o autologous
tumor lysate antigens {10 ||.$.":|1L'| with added keyhole limpet
haemacyanin (KLH, Ipgml), 1L {320 Uiml), and GM-
CSF (1000 UfmlL) at 37°C05% COs Mor 1.5-2 he Maturation was
induced by lipopolysaccharide {200 UWiml} and interferon-y
{50 ng/ml) for an additenal 6 h at 37°C/5% COy. Finally, cells
were collected lusi:rLs acculase [.r’u:n:uhsum. {.'urnmg:l. cimunted in
a Barker cell chamber and frozen in aliquots of 2 x 10% DCs in
100 pL of freesing medium CryaStor® 052 at -80°C. All doses
of the [HC-based irwurl:lﬁadmnal medscal 'prl.'u]m:l (IMP) named
“MyDendrix®" were stored at -150°C until administration to
the patient.

Quality Control of DC-Based Investigational
Medicinal Product

M characteristics were evaluated as a part of the guality contrel
process of IMP from an aliquot of manufactured DG from
each batch. The crystube with DC was removed from a deep
freezing box (-150°C}) inte a laminar How box, guickly and
Suntly thawed in hand while a.'!.'\uiﬂi.nﬂ :haJunﬁ, I mL of cald (2-
&0 DO mediom (CellGenix® GMP-grade) was slowly added
1o the thawed DO and the DO SUSPENsSin was transferred
into 2mL of cold DC mediom. The DO suspension was
handled at room temperature and processed immediately. [Cs
B = ¥ cells} were seeded inte 1 well of a &-well culiure
plate for sensitive adherent cells (Sarstedt, TC Plate 6-well,
Call4, Eruwlh area BAT n:mrl and cultured in 3ml of DO
medium for 2 days (37°0C05% C0u) o oblain (i) medium
comzining cytokines produced by DCs duning coltivation and
{i1) mature DCs for phenotypic evaluation after 2 days of post-
thaw cultivation. A 0.5mL wlume of medium containing DC-
produced cytokines was collected after 23-25h upan DU seading
and was centrifuged {10 min/410 g4°C), and the supernatant was
stored at -25°C for no longer than 30 days poor e analysis. For
immunophenotypic evaluation of mature DCs, both detached
and adherent DCs were harvested 47-49 b afler DO seeding. The
culture medium was collected and pooled with DCs harvested
I:-].' accufase (0.5 mLiwell 887 emii37 O oand :Enlri!’uged. =]
mintd10 g 20°C). The pellet was resuspended in 800 L HESS
with 0.25% human albumin (Grifels) and pmc:sud :|r.|1.|11=d.1a|:u|.'|.'
for immunophenatypic evaluation. Viability quantification was
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performed by propidium sedide (PI} exclusion assay. Briefly,
WF s were stained with 10 pL of 1% PLin HBSS followed
by immediate flow cytemetric (Cytomics FCS00) analysis of P1-
positive events {= non-viable cells). The immunophenotype of
DiCs was evaluated in post-thaw DCs and in post-cultivation
mature DCs. For the detection of each surface malecule, 0.5
% WP DCs were incubated for Mimin in the dark with the
!’uuuwi.nﬁ antibodies CDEO-PCT (clone MABLO4, 10 pL), CDE3-
FITC (clome HB1Se, 10 pL), CD&6-PE (clone HASZHRT, 1D
L), CIM97-PE {clone GO43H7, 10 pL), HLA-DRE-FCS (clone
Immuls7, 10 |Ll]. C4-PE (clone EMO52, 10 L L. ar isype
controds IgGe-PCS (clone 679.10c7, 10 pL), IgG-PCT (clone
679.10Mc7, 10 pl), IgliZa-FITC {elone 7T4-1F5, 10 pL), or
IgG2a-PE {FT4-1F5, 10 pL), all from Beckman Coulter. Flow
cylometric analysis was performed using a Cytemics FC500 with
CXP software by manual gating on individual parameters, and
the discrimination by appropriate isolype contral was wsed o
gate and guantify positive events. The concentrations of 11-12
and IL-10 in the DC cullure medium were measured by flow
cylometric bead assay (B Biosciences) using internal guality
controds (Quantikine™ Immunoasay Contral Growp 1, R&l
Systems). Absolute production of 1L-12 or IL- 10 per 10° D and
the IL-12IL-1 ratio were calculated. The allogenic (alle) and
awtolksgous (auto) stimulatery properties of DCs were examined
by mixed lymphocyte reaction (MLE). In allo-MLR, the arget
cells were the perpheral blood mononucear cells (PEMCs)
abtained from pooled buffy coats from healthy donors. In auto-
MLE, the target cells were the patients lymphocytes separated
by I:El'llrifutl;i‘lil.‘ln in a density 5rﬂli=:r|.1 using Histopagque-1077
{Sigmasldrch, denmty 1077 gfml} from the leokapheresis
product obtained for DO manufacture. These pre-vaccination
bymphocytes were cryopreserved wsing CryoSor C55 medium
{BioLife solutions) at -150°C and thawed prior s auto-MLE
sum]i:n.;ﬁ. A sample of 107 target lymphocytes were stained with
250 pL 10pM carboxyfluorescein succidimidyl ester (CFSE
Sigma.l\.l-dri.n:]'l.] amd seeded into a sterile %6-well culure plaLe
(Sarstedt, TC Plate 96-well, Suspension, ¥} at 10° cellsiwell in
MWl pL o :ump|etu X-vivs 10 medium (Lonea) curmainintl;
5% inactivated human male AB serum (SigmadAldrich] for
the I'ul|uwing.' {1l 10 D well in 1001 largul:ulieclur MLE,
{it) positive control (PC) with  phytehemagglutinin {PHA,
SigmaAbdrich) at 2 fimal concentration of 10pg'ml, or {ii)}
n.eﬁnti.vu contral (NE) with cmmph.-i: X-vive medium |.'|r.||.'|.'. MLE
experimenls were seeded in triplicate and cultured for 6 days at
I705% OOy, 2w W cells from each well were stained with
CD3E-PCT (clome UCHTL, 10 plitest, Beckmann Couller] for
flaw cybismetric detection of CFSE fluareicence on G034 T cells.
Daserimanatiom for dividing cells was set up using NC, T-cell
proliferation was caleulated as follows: [(average % of dividing
T-cells in 10:1 MLR) - {average % of dividing T-cells in RC)|
w 100{ [{average % of dividing T-cells in PC) - (average % of
d:w:u]i:rL;E T-cells in NL."I|.

Statistical Analysis

The Spearman correlation coefficient with a significance test
was used to measure the strength of the relationship between
patient CBC prior to leukapheresis, the parameters of the

leukapheresis product, the DO yield, and the quality control
parameters. Differences in parameter values between groups
were assessed by the non-parametric Mann-Whitney or Kruskal-
Wallis test. Hierarchical c|u:Leri.r.|H_ analyses were performed
using the complete linkage method with the distance baged on
the Spearman correlation coefficient. The Spearman correlation
distance was used for clustering of batches, and the absolute
Spearman correlation distance was used for clustering DO
parameters.  For custering analyses, DO parameters  were
centered and scaled (£-score of parameters). P < 0.05 were
comsidered statistically signi!’lcanl. All statistical analyses were
performed with B 3,53 software {22).

RESULTS
Clinical Trial Accrual and Course

As ol May 2019, 47 subjects were enrolled in the clinical trial, and
the manufacturing process of DC-bagsd vaccine was performed
in 31 cases. OF thege 31, the most commaon ﬂhﬂnuses Were
sarcomna, with 19 cases {61%}, and high-risk nearoblastema, with
4 cases (‘Table 1), In thas group of 23 patients, we pe:rl-urmm]
amalysis of the manufacturing issues presented here, Saroomas
were speciiically: seven Ewing sarcomas (36% of sarcoma pts),
frve [26% ] ostensarcoma, two [11%} alveslar thabdomyosarcoma,
twir (11%) embryonal rhabdomyosarcoma, and three (16%)
s:rmn.'ia] sarcoma {Table 1. The median enrollment age aof the
climical trial was 14 years; 15 years for sarcoma patients and 5
years for neuroblastoma patients (Table 1}, All 23 study subjects,
ie. 19 with sarcoma and four with neurcblastoma, underwent
initial surgery to oblain tumor fGssce for the tumor lysate-
manufacturing process, and tumor lysates were manufactured
withaut any tumer antigen extraction Gilure. Monocyte harvest
and the subsequent manufacluring of DC-based IMP were
performed for all 23 subgects. Out of the 23, 16 DO-based
IMPs successfully passed through the manufacturing process
and met the quality control criteria for administration to the
patients. DC-based [IMPs from seven sul:!jm:ls [sx sarcoma,
one neurablastoma) were ot manufactured or fGiled e pass
quality control due to inadequate immunostimulatory properties
[Table 1). The basic patient characteristics are described in
Table 1, and the detaled clinical course i summarized in

Supplementary Table 2.

Dendritic Cell Manufacturing, Its Yield, and
DC Quality Including Immunostimulatory
Properties

We achieved DO yields ranging from { 1o 43.6%, with 2 mean
of 172% and an sd. of 127% in this specilic cohort. A DC
vield equal 1o @ represented 3 manufacturing process that was
unsuccessful, with all DCs detached from the lasks. The quality
conirol parameters involved microbial sterility and Myrulplnﬂnn
spp. negabivity, the wiability and phenotype of thawed DCs,
the phenotype of thawed DMCs after 2-day cultivation, the
production of 1L-12 and [L- 1 durng 24-h cultivation of thawed
M, and 6-day alle-MLRE and avte-MLE. All batches of DCs
fulilled the microbiological eriteria of QC and the criteria
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TABLE 1 | OC:basad wacoing: manulaciuning oubcome, basic paliont characioistos, fhempy preceding monooyin Fansst

Prienary diagnosis Diabe od siudy
years ot shedy enrolimant/PL o

line prior to jts DC-based vaccing-
harvesUTreatment and s dur ol ing
menocyle harvest ‘oulcome

Ewing sarcoma of tha mandiola ERIE

LaneRa)ln}]
Locakzed Evwing sarcoma of tha keft ey 022016

FOO-0@
Locakzed Ewing sarcoma of the keft distal  G22018
humens 12
LaninSalRR]
Lomakred Evwing sarcoma of tha sping 01
CE-ThE, exiradusl, and iniraspinal 4
Irohvamaan EDOO11E
Evdng sarcama of tha pakis 122015
14
Lasintal gl

Ewing sarcoma of tha kil prosimal tisia 12201E
15
EDDOZ2

Locakized Evwing sarcoma of tha kit thia ER01E

ZZ
EDOu0144

2, Fassed OC
WCR¥ina + pazopanit, 027204 5-0-72016;

M2Ms

0 H IDid reck pass 0
ARETDEF + sunilinib, 03216062016,

aa2Me

e, IDéd rack pass 0
AEWSN31 + paztnanit, 027204 6-DE/ZDHE;

Da2ME

2, Fassed OC
AEWSNA], DB AT, 3 opckes WTC, 2 oyl

WCR¥in

M2MT

L1 I0éd et paass 0
Eurn Ewing 2005, 11,204 6-D8/2047,;

DERMT

2, I0id ot pass 0
WTC caecdes, O20d 708201 T

qa2MT

and, 10id ot pass 30
2x TMZFng, EE2018=-10v2018; 1072018

Locakzed high-grade nelansamoma of the 2015

righi cistal famur i,
HOD-010E
High grade psteoblastic sosamomram  10E0E
tha laft chsial emur a
KOO0
Locakzed catectlistic cokosacoma ol Q20T
tha right proimal 1ia 18
HOD01E4
Locakzed catcaanoma ol 1h ight EHRIE,
prosimal famur 5
HOD01ES
High-grads ostnokinslic osloasarcoma of  OS2018;
tha It chsial lemur =
KOD0138

Alvadlar rhabdomyosarnoma o the right 1v201E

oalt 14;
KOD-0H0E

Avaalar Fhabomysamaa, prrum 1RI1E,

ignztum 12
¥OO0119

&h; Fassed OC
WOR¥ino + pazopanit;

1232015

15k Mol mandfacbuned
ACET 33, 102 M6-0721T,

[t

ad; Fassed 00
ACET 1321 4 VEL + CPM, DL E F=1Iv201 7,

anmr

2nd, Fassed 00
COMEAT W, H2018-12201E;

s

2rd; ROETCA3 - oyola IEOT201E; Fassed OC
faiia

and, Fassed OC
ARET 0A21 + TEM, 112015012018

12215

15l Fassed OC

ARETDEF + TEML, 10201 6-DEZ01A;
2T

Embrgonal rhaboimsosancoma of T poivis  0V201T,
18

LasiaRal k]
Locakized embnonal rhabomyosancoma ol - 072018
tha pakis 15

EDD0143

Fromiars in Onoology | wass mniiorsin. o

1sl; EpEEGE AMS 2005, D020 7-08/3018; Fassed OC
mMamT

3rd; Fassed OC
= MEECr « TopaAC¥ T, DAZTIB=12/201 8,
28

E

Doigoer 201 % | Woluma 9 | Articks 1034
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TAELE 1 | Cortinesad

Prienary diagnosis Date of study enrollment@&ge in Trzatenent ine prior o jts DC-based vaccing-
yaars at stsdy ensollmentPt Mo hirvestiTreast & and s dur Date of manactuFing
moenocyie hareest ouboome

Eymovinl sarcoma o tha lak thigh, e 13t tellewedd by COMBAT 11 D52H5-122048; Fassed OC

14 1272048

HOD0114
Localzed synoeial samcoma of tha meck Q4201 2 Fassed OO

7 Mo COMEAT Il from 0472018 4+ pazopants frm

¥DODMET 12048

taz0ia

Locakzed syncedal samoma of the it cal  05/2015 2t Fassed OC

2 COMEAT I mockiedd [&/THB-00/Z01S,

KODO141 12018
MEUROBLASTOMA
Morcblastoma i tha relcperdconm O4/201E d Fassed OO

1z METRL:NE2012, D53016-10/201;

HODOE 172048
Higherik neurcbiastoma in tha kot s 13t Tallowedd by ciruhcdmal 4 rringic ok Fassed OC
ghand da sprannas " 11/2018-022013

¥DDAO13E 12013
Mosrctlatoma in the righe areRaE et I8 et pass GG
retmperiicm a ANBL 1221 - 3 cyclis TRZWiRG + dinutsimas,

¥ODO14Z 0872048112018

12018

Mosrcblasioma in the ght glandula 1ovatE #ih; METRE-ME0 2, D5/204 71220 Fassed OC
spraranads & 112018

HODO14T

CPM, cpoiophosahamio, dma, @nclacen; TEM femsnbvos TWZ, Mook Topd, fiocfecen VEL, wnblstneg WOR i, O, fshmeks oo, 17,

& opich wki; Fr fio, panard ruther OO, Queddy conrol Chamolfbeagy nefool: AEWSTOE |Fuing Aecma)— o, dieuen,
Wm Foationds, efaocsihy ADSTOE3! SHasencoma) —osokin, comnbeng mahoiaal; A0STISE oo —nasameh, AASTDOT favactry
o Fakpsal el i) — DR, Wlee, CRatsOhaTol and' Mesrokties: ARSTIARY mon.ubalonsncome o7 MR Sroomksi— sk
oAl Saannendy; COMEAT K frsteooricl—colonad, anmocek, lomnaadbas, o, sponainien) heaomah, wcmle, ci-wios act EABEE RS 2005
LA — BRI, Wy, meu'\ iy, Euat Evig) (B S enand)— wWorriting Mol A, Sest, SOam e, cobaiosnami:

LAETRO MBI 2 s

ool PO, OSRANI! Speitnhiodnhatek, ARk AEDC e (ki ol ALt saeomal—

o biaa, cyekyiioshareds, oo lecas, Kenoosdamese Dl o sl canss tharaoy dosing o surviorined n Susaksmantany Table 3

of vizhility, ranging from 85 to 100% with a mean of 95%.
Their variability in Ph:rl.nlﬂ)e and immmmstimulmm:,- property
15 shown in Supplementary Table 3. The mean phenotype of
the manufactured DCs iJﬂmEdi.ll.El:f after Ihnwi:nﬁ for sebecled
parameters was as follows: CDBOLY {range: 2-86%), CDE6 91%
(76-100%}, CDB3 21% (D-86%), CI4 20% {1-69%), and CD 197
% [73-99%). The mean Ph-ennlﬂ:!u of thawed DO after 2-
day cultivation for selected parameters was as follows: COSD
T7% (range: 25-97%), CIES 99%, (35-100%), CIE3 &1% {12-
E9%), and MHC 11 93% (63-100% ). Mean cytokine production
was as follows: [L-12 8327 py'I0° DC (range: 9-80,524 |:l|5[(l'][!|‘i
D), IL-10 280 pg/10° DC (6-1,731 p/1l® D), and L1201
I ratio 33 (1-246). The mean in vitro proliferation of T-cells
stimulated by manufactured [Cs was 67% (29-98%) in allo- MLE
and 9% {—3-37%] in aute-MLE. Due o inappropriate results for
the immunostimulatory parameters of QC (phenatype, cytokine
Fru-ulucﬁnn. MLE), six out of 22 {27%] of the manufactured
batches of DCs were not released for use in the clinical trial. The
parameler values af the manufactured batches of [R5 are shown
in Supplementary Table 3.

Fromiers in Onoology | waew ion arsin o

Isolation of Monocytes by Adherence vws. Elutriation
and lts Impact on Manufacturing Process Yield and
the Immunostimulatory Parameters of DCs

salation af meincyles for D manulacture was Per.ﬁ:r.rn:d by
elutmation in 14 cazes and by plastic adherence in nine (39%)
cases based on the real-world sitvation. Untl March 2017, we
P-u'ﬁm'med elutriation nl’l.'l'l.e]uukapl'ber:sis ]n'nduclin all cases {11
cases: KDO-0101, -000Z, -0103, <0009, -01 011, -0114, -0115, -0L1&,
11230, 0122, -0124). Between ﬁpr.il and Septcml:mr 018, we
performed elutriation in cases KDO-0121, -0137, and 1139, and
adberence to plastic in cases KDO-0133, 0042, and -0144 due
tor there being = 10% neutrophils in the leukaphereds product
or technical 1ssues with the Elutra device for KDO-D119 and
01131, After Oictober H018, we isolated muonocyles :n'_]un'vd:,- |:rr
adherence to the plastic surface in all cases: KDO-0135, -0141,
A A4, and -0147.

Addressing the issue of whether the elutriation process is
superior to adherence to plastic retrospectively, we compared
the propurtions ol batches passing OC and their DC yield
and phenotypic and immunostimulatory properties under the

Dorioimer 2015 | Woluma @ | Aicka 1034
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two methods Adherence o plastic resulted in two [22%)
batches not being released. and elutriation resulted in fve (36%)
batches not being released (four did net pass QC and one was
net manufactured). The OF {odds ratio) for passi.nﬁ 0 in
the p|a.sLi|:-a|]hEn.-ME mudaht:.- was 1.94 (95% Cl: 0.29-13.19).
The DL yield, viability, phenotype, and immunostimulatery
properties {IL-12, IL-140, the [L-12/1L-10 ratia, alla-MLE, auta-
MLR) in adherence o plastic ve elutriation are summarized
in Figure L. A statistically significant difference was observed
between QC results and monocyte isolation modality for the
following post-thaw parameters (i) DO expression of CO86
on day 0 that was higher in the manufacturing process with
plastic adherence, and (i) borderline significant expression of
CIM4 on day 0 that was higher with elutmation. The values
of bath parameters were in faver of adherence 1o plastic. It is
af nate here that the :n.ll:gruup with iselation of monocytes by
the adherence 1o plastic was not biased by including a higher
proportion af cases withewt potentially monscyle-interfering
pharmacotherapy ("m” v, 0" & deseribed later; p = 0L643).
Thus, we conclude that the isolation of monocytes by adherence

to plastic is comparable 10 2 manufacturing process with
muonocyle elutriation.

Parameters of CBC Prior to Monocyte Harvest, and
Parameters of the Leukapheresis Product and Their
Impact on Manufacturing Process Yield and the
Immunostimulatory Properties of DCs

With the aim of wentifying the CEC parameters (shown for
each batch in Supplementary Table 3] amsociated with adeguate
D characteristics and  thus predicting whether the DC-
manufacturing process would pass QC, we analyzed CBEC prior
to monocyte harvest in the context of batches that Gl to pass QO
and M yield, phenotype, and immunostimulatory properties.
The presence of immature granulocytes in CBC was associated
with unsuccessful manufacturing (p = 0.046). DC yield was not
associated with any ::ln_s]u parameter of CBC. Expression of CDN4
an manufactured cells was negatively comrelated with relative
]:.-mphu::.-lu count in OB [p = 0aal} I:I:'_lgul\e 21, The level of
allagenic MLR was negatively associated with both the presence
of immature granulocytes {p = 0.010) and NRBC (p = 0018)
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F i ] = »- " P r—
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FIBLARE 1 | Comparison of bwo monacyts solation modaktics with raspact to danditic oel (DC) procuctan. Butriaion (whits box pleis) and adherence 1o plastic igray
oo plols) wam companed based on OC parameiors: (] DT ywald, and post-thaas: §BY vabiiy, [C) DT phenotypa on day 0: CD14, C0197, COBJ, CO8E, and COE3
and on day @ MHC I, CDE0, CDEE, and CO83, and immurcaimulotory properias prsanbed by (D4 1L-12 production, IL-10 peoduction, and IL-1270-10 production
Fafia, fE} allo-MLR aned auio-MLR. Medion vales o shown ior sach parameter for sach monocys Boladon modalty, Black dots show O mesuiis of manulaciuesd
DCs Tral passed quality coninod, and med dots show resals of manlaciusd OCs thal Sd not pass quality condnol
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FIGURE 2 | Association of patient CEC paor 10 moncoyta harwmst and parametens of buapharests product win DC yield and guality control. Red color repmsants a
paathe comdason and blua color a negatva comslation; strength of miatorahip & repmsanted by 2o of 5950 and Ntaraly of Dok — Lrger squas with norso

| color have a sronger sscoaton; ‘e < 005, g < 301, "p < 0.001

in pre-leukapheresis CBC (Figure 2). The Jevel of autologous
MLR was positively associated with absolute leukocyte count (p

harvest for DCs. The history of anti-cancer treatment had
no observed impact on the quality of manufactured DCs

= 0.016) {Figure 2}. Samilarly, a high proportion of yies
(p < 0.4001) and low proportion of T-cells (p = 0.001) in the
leukapheresis product were associated with increased expression
of CD14 on manulfactured cells (Figure 2). A high proportion
of monocytes in the leukapheresis product was associated with
increased production of 1L-10 by manufactured cells (p
0.027) (Figure 2).

Therapy Preceding and/or Concomitant With
Monocyte Harvest and Its Association With
Manufacturing Process Yield and the
Immunostimulatory Properties of DCs

The patient history of anti-cancer treatment and the outcome
of DC manufacture were evaluated for an association between
DC parameters and lLines of therapy dassified as 1st, 2nd,
and 3rd or subsequent lines that were followed by monocyte

Fronters n Onoclogy | www.ioimesin oo
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{Supp! y Figure 2). Pharmacotherapeutics 60 days prior
to and/or concomitant to monocyle harvest were classibed
into two groups and designated as follows (i) "m" (n =
17) for administration of therapy potentially interfering with
monocyte viability and/or dilferentiation, namely TKI, mTOR
h herapy in cell biology-interfering doses, ic.,
MTD-based dose, anti-RANKL mAb, retinoic acid, and/or G-
CSF (Supplementary Table 1) < 60 days prior to monocyte
harvest, (it} "0" (n = 6) for metronomic therapy/chemotherapy
or no potentially monocyte-interfening therapy concomitantly or
< 60 days prior to monocyte harvest. All batches from the “0"
category passed QC, whereas seven out of 17 (41%) monocyte-
derived DCs from the "m” category failed to be released for
patient administration. The OR for passing QC in category "0"
was 9.3 (95% C1: 0.5-191). DC yield, DC immunophenotype on
day 0 and day 2, and production of [L-10 did not differ between

L

%, ¢

9 Amch 1034
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FIGLMRE 3 | Trmatmant pricr 10 monooyin harvast and mrunostimulatony proparies of manuaciued D0 Monufachunng subgrmun om monocyios harmsiod aflor
MTCunasen therapy potantialy imerianng with monocyte bioksgy (ksied in Suppmantany Taksds 1; 777 tmaimant, gray bos plats) and manulseheng subgeoup from
onooyies o unimatod patienis o afier ron-imerfaning traatmarn 07 treadment, whits bo plols) wors companed based on OC pararatoes: [A] L-12 producion,
B IL- 12110 production ratic, (G aka-MLUR and {O) auto-AA. Median walues o shown bor gach paramaler for each innatmanm subgroup. Black dots show OC
s of manulacioned DCs that passed quality comnl, and red dois show msuls of marufactuned DCs Tal did nol pass guality canieal,

the "0 amd "m” categories (Supplementary Figure 3}, Median
1L-12 production was 2,424 pﬁ."lﬂl" DCs in the "0" calegory and
743 pg/10° DS in category "m” {p = 0.083). The median 11-
IVIL-L0 ratse was 71 i the "0 category and @ in the "m”
calegory l:p = 0402}, The median T-cell prdiferaljun in alla-
MLE was 86% in the 0" category and 63% in the "m"” category
I:P = 0.037), and the in avte-MLE was 12% in the calegury 0"
anad 5% in category “m” {p = 1034} {Figure 3).

In the analyzed study cohort, therapeutic regimens were
heterogenic, with patients often treated with a combination
of various compounds prior Lo monocyte harvest, and thus
further categorization  inte unﬁlu HH_E:I'IJ--IIEEIHEE nlbgmups
and their analysis were impossible. Therefore, we performed
cluster analysis of DC parameters in the context of therapy
prior to monocyte harvest (Figured). Here we observed a
cluster defined mainly by a superior IL-1Z/IL-100 ratio bul
bow DO owield comprising batches KDO-1133 without any
anbi-cancer freatment, EDOS0137 treated with metronomic
modified COMBAT with celecoxib, lenolibrate, low-dose
cyclophosphamide, and low-dose vinblastine, and KDO-0115
treated with metronomic therapy with Jow-dose vinblastine,
celecoxib, Jow-dose cyclophosphamide, and propranolol (wee
Supplementary Table 2 for details on the treatment schedube
and dosing). Furthermaore, we observed a very amilar pattern
i DE propertses in Gwa batches, KOO-0142 and KDO-0144,
that were manufactured from moenecytes obtained from patients
treated  with temozolomide and imnotecan. These batches
exhibited robust menecyte differentiation, as represented by
their low CIN4 expression, bul failed to produce [L-12 or an
immunastimulatory phenotype when matured, as represented
by CDB0 on post-cultivation s on day 2, and therefore did not
meet the (G criteria, A pattern of relatively low DC yiekd, ]1.15]1.
prosduction of 1L-12, and notable monocyte differentiation and
D immunostimulatory phenotype and function was observed
for batches KDO-0147, generated from monocytes from
patients treated with celecoxib, and KEDO-0141, from patients
pretreated with combined metronomic therapy with lw-doge
vinblastine, low-dose eiunpu:dﬂu. celecaxb, cholecaleiferal,

and fenofibrate. Batches KDO-0103 and KD-0122 similarly
exhibated poor yield, poor monocyte ditferentiation, a rather Low
IL-12/1L-10 ratio, and very low immunostimulatory funclions
toward donor T-cells. Monocytes from both batches were
pretreated with an MTD-based combination of topoisomerase
inhibitor and alkylating agent, with last administration from
day 21 w17, namely etoposide and slosfamide in KDO-0103
and topotecan and cyclophosphamide in KIN-0122. This
was followed in both cases by 9 days of administration of
GAUSF Blgrastim wp to 7 days prior to monocyle harvest
High DC yield and viability but Jow markers of differentiation,
immunestimulatory  phenotype and  1L-1200L-10 ratio were
similarly observed for batches KDH3-0111 and KDMO-0109 treated
with topotecan, cyclophosphamide, and pazopanib. Based on
features such as good DO yield and viability bat kew monocyte
differentiation and a behw.--m'emge IL-12/1L-10 ratio, these
twis batches clustered with KDO-0139 {treated with etoposide,
ifnifamide, and .I'ﬂparl:lm:l. KIM¥-0121 -I'tl.u'pqmide.. ifodamide,
and flgrastim}, KDO-0118 (inoetecan and sumtinib), and
KD0-0119 (eyclophosphamide, temgirolimug, and Algrastim).
Motably, monocytes affected by retinoic acid (KD0-0135)
or anti-RANKL denosumab (KDNO-0124) prodoced DOCs of
average quality. In summary, nmmxyte-:nterfe:irLs MTD-based
treatment of the clinical tral patients prior 1o monocyte harvest
was amsocialed with an impaired DC-based immunotherapy
manufacturing  process oulceme. Certain combinations  of
anli-cancer treatments elicited a similar pattern of imadeguate
D parameters. Mamely, 2 combination of temowobomide
and iringdecan was associated with poor DO maturation
and immunusli.mu]abuq‘ features, and a combination of
pazopanib, topotecan, and MTD-based  cpclophosphamide
was associated with poor DO differentiation maturation and
immunistimulatory parameters,

DISCUSSION

Here we show that despite strict adherence 1o the validated
ma.rru.l'a-duri.nﬂ protocel, the sutcome of the manufacture of
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FIGLARE 4 | Cusior analysis of OC paramatans in T oniast of farapy prior io monooyte harssi. Tha haaimap on tra right shms the immunostimulaion proparios
of marifachined DCs camered and scalkad in the oobumn direoion (2500 of paramaiens). Chslons e basad on cormalalions. For chstenng of DO paramatars, but
ot baioies, on aoual meaning to posiive ono negalie cormlations wins considensd, and therefom simngly comelated paramaiers in tha posiae o negaike manner
chetenad ingedhar Thi kaft panel shows 1he aabmen adminiiored within 60 days of monocyle hansst. Tha day of the mononuoiear harvast was set as day 0. An
imeractive varsion of tha kel panal with a detaded diascripton of tmatmant including dosing & provided in Supplemaniany Mabarial 1. Meironomic doses of
chomotharapautio drugs ano supporte thamgry such as Wiaming and probictics am not shown heng bul ane summarized in Supplssnentary Tasle 2. Batches that

did not pass quakly coninol ana indicabad in md

the medicinal product with monocyte-derived DCx s highly
variable in terms of both DO yield and immunostimulatery
properties. Moreover, in 30% of cases, manufacture of DC-
based immunetherapy for advanced sarcoma and high-risk

vhlast patients resulted Juct that did not meet
the specifications for the medicinal product and therefisre was not
released for application. This product failure rate was highurlhm
in published studies {23, 24). Thus, in an attempt to improve the
rnanul-a.n:lurins process, (o pr:d.i:t DC-mmul-aclmins oubciome,
and, subzequenily, o avoid laberious and costly DC manufacture
that would not meet QC specifications, we addressed key
vartables in the manufacturing process. Namely, we focused
on the issues of (i) monocyte solation from the mononuclear
leukapheresis product. (i) parameters of the patients CBC
prior to monocyte harvest and parameters of the leukapheresis
prosluct, and (i} anti-cancer therapy preceding monacyle
harvest that may intedere with the ability of monocytes to
dilferentiate into immunostimulatory DCs,

neur

inap

Fromiers im Onoology | waew froriiorsin. o

i

Hegarding the methid of menccyte mltion, we asessed
whether manocyle extraction by a simple method of adherence
to a plastic surface is comparable o the elaborate method of
elutration. During elutriation, menecytes can be contaminated
with gm‘ru]m:ylus with a similar sedimentation velocity to
monocyles. Based on this observation, we validated the
D'L'-I'D:Inl.lfﬂ.l:ll.ltillﬁ process with isolation of monocytes by
adherence o plastic (25) to avosd contaminanits that may
interlere with DO differentzation by altering the levels of
pro-differentiation  cylokines andior the formation of a
suppressing  microenvironment  through  penerating  decay
products during cultivation. By comparative analysis of DC yield
and immunastimulatery properties from the manufacturing
processes of solation of monocytes by elutriation ws. adherence
1o plastic, we conclude that the adherence method is comparable
1o the elutriation method. The method of adherence to plastic is
simple in terms of the equipment, material, and manufacturing
steps required and therefore is bess costly, less prone o errors,

01 B | Woluma 3 | Adiclks 1034



ANNEXES - COLLECTION OF AUTHOR'S PUBLISHED SCHOLARLY WORKS WITH
COMMENTARY

and more GMP-friendly than the elutriation process. In healthy
adult volunteers, monocyte-derived DO yield with monocyte
elutriation has been shown te be superior 1o adherence to
pla:l:u: {26y this was not obeerved under our manu!’a:turjng
conditions of heavily pretreated  pediatric
neurohlastoma patients.

With regards to the pharmacotherapy preceding monocyte
harvest, we ohserved that therapy with agents interfering with
the bavlogy of monocyles 60 days prios o monocyte harvest
was associated with reduced production of IL-12 and deficient
functional immunu:l:mu]atun‘ properties of the manufactured
DiC-baged vaccine and subsequently often resulted in O failure.
It s of mote here that failures in DO production occurred
more often prior to the implementation of stricter criteria for
nom-allowed  pharmacotherapy  preceding monocyte harvest.
Specifically, we observed impaired monocyte differentiation
amd, subsequently, inadequate immunostimulatory  features
in monocytes prefreated with a combination of an MTD-
based dose of the alkglating agent  cydophesphamide,
topoisomeraze | inhibitor topotecan, and TKI pazopanib.
We have previously shown that TKI pazopanib in vitro impairs
the immumstimulatory  properties of monacyles, including
up-regulatiom of the immunoinhibitery surface madecule ILT-3
and decreased capability to up-:uﬁuhlu MHC I in response Lo
LP% {27} Interestingly, howewver, pretreatment of monocyles in
viva with pazopanib withoul any other immediale treatment
(KDO-0101) did not result in attenuated MG vaccine quality.
Topotecan has been shown to partially activate monocyte-
derived DCs but to prevent the full maturation of DCs
stimulated with a cocktail of proinflammatory mediaters (28], A
dilferent pattern was observed for s from cases treated with a
combination of the alkylating agent temozolomide (THME) and
the topoisomerase | inhibitor irinotecan {iri}, and we observed
monocyle  differentiation but not DE immunostimulatery
properties, resulting in a medicinal product that did not pass
O and was nol administered. 18 is of note that one case was
a sarcoma and one a newroblastoma patient. Moreover, we
also ohserved a similar pattern of poor DO parameters in a
case of synovialosarcoma with TMESA therapy in a cohort
of patients oulside this clinical trial 1t has been shown that
monocyles are particularly sensitive to the methylating agent
temozelomide, undergoing apoptosis, while monecyte-derived
D45 and macrophages are resistant to TMZ (19). Briegert and
Kaina and Bauer et al showed that monocytes accumulated
single-strand DNA breaks doe to failure of the re-ligation step
in base excision repair and showed a lack of DMA repair protein
EXPressim {18, 19). ]-'uﬂu-w:mg THE treatment, monocyles
demonstrated an unbalanced expression of DINA repair proteins,
impairing base excision repair and the accumulation of double-
stranded breaks (18, 19} In vitro studies of TMZ/ini cytotoxicity
to neurablastoma cells have revealed sangle- or double-strandsd
DMA darnasu to be m.u.ml]f due to 58 - 38 {the active metabalive of
irnotecan) and to be further enhanced through the addition of
TAAE (290, Thus, we hypulhu::l:u that D¥NA damasu caused |:1.'1]'u.-
combination of irinetecan and TMZ in the context of particular
hypersensitivity of monocyles to temoeeslomide may underlie
the unfavorable effect of anti-cancer therapy with TME G on

sarcoma and
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oy Impains DC kanilacturing Ouioome

the monocyte-derived immunostimulatory L'I{.'-manufm:luring
process. Monocytes from a patient treated with methotrexate,
doxerubicin, and cisplatin failed to produce viable dendritic cells,
but monocytes from another patient treated with methotrexate
did nant il to produce DC vaccine. Methotrexate has reportedly
incluced] apoplos, redoced '|.'i:|]:|:||i.11_.-. induced differentiation,
and reduced inflammatory properties of monocytes (30-33],
and we may specalate, although based an anecdotal shservation,
that if combined with cisplatin, therehy shil’ths MRy Le
differentiation inte an  immunesuppressive  phenotype (201,
methatrexate may resull in  failure of nmma-:ytu-deri'rm]
M2 generataom.

Hegarding the compesition «f pre-leukapheresis CBC and
the derived leukapheresis product and the ouwtcome of DO
manulacture, we observed that three intercomnected features, ie.,
{i} alow rulaliv\e]:nuphuc:.-lu count, {it] a |1:|_|5]1 relative :|1.n.-u1r|.1phi|
count in CBC, and {isi) a high proportion of monocytes in the
leukapheresis product, were asociated with unfavarably high
expression of CDN4 on the manufactured cell product. Moreover,
the presence of an increased number of immature granulocytes
was associaled with decreased potency of the DC-based product
as quantified by allo-MLE. These observations may be underlain
by emergency myelopoesis stimulated by G-CSE which leads to
a guantitative and qualitative -r_'|ur.||5e in all |:i.r|:u|.a.1jng myeloid
cell types including neutrophils, monocyvtes, and myekad-derived
SUppressor cells (34, 35). While .I-urleri.ns gmw]u::.-tu eifectar
functions, G-C3F alio seems o promole immunosuppressive
and tolerogenic properties in monocytes and monecyte-derived
cells i:|1.r.'_'||.||]i:r|.;5 increased pmﬂu:ti.m'l. af 1L-10 [36-39). In this
comlext, it 15 of note that @x out of seven cases treated with G-
C5F within 60 days prior 1o monocyte harvest exhibited donar
T-cell stimulation below the average and that the level of T-
cell stimulation decreased with the intensity of G-CSF prior to
monacyle harvest. .ﬂ.ll]'muﬁh the effect of G-CS5F treatment on the
[DHC-manufacturing process inour study cannst be dissected from
the effect of precedmg d'l.emuthurap:.- and 1arge1ed. 1]1.-1.-r:1|'.|:f. the
tentative interpretation is that gimulation of myelopoesis with
growth fectors of granulocytes may have a rather negative impact
o the outcame of the DC-based '|.mi:1.e-manul!'aclunr.||5 PrOCESS.

Here, we show that treatment of patients with cerfain anti-
cancer agents in MTD-based doses prior to monocyle harvest
often leads o failure of manufaciure of the immunostimulatory
DHC-based vaccine. We propose that the optimal time for
monocyle harvest for generating s ds prior o a cell-
interbering treatment. With respect to the DC-manufacturing
workflow, this would mean, in a miajasrity of cancer patients,
the implementation of DE manofacture from cryopreserved
monocyles. Several studies have investigated the effect of
cryopreservation  on monocyle  differentiation  into [k,
but results have been conflicting. Seme  studies observed
cryopreservation 1o have no effect on monocyte-derived DO
'prl.'u]l.l:liun {aa, 411, On the other hand, Silveira et al. dhowed
that, when compared o fresh monecytes, crypopreserved
monacyles exhibited impaired differentiation inte dendritic
cells, with lower rates of maturation and cytokine production
in response to LPS and lower lymphocyte proliferation in
alle-MLE (42). Thus, the cryopreservation afl manocyles for
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DO generation may decrease the guality of manufactured
DiCs, and the kevel of this decrease needs 1o be specified for a
particular manufacturing proteced. In case of o minor drop in DC
maturation and immunostimulatory parameters and function
due o the cryopreservation of monocytes, this manufacturing
muﬂalit:.- should be considered, as it would allow harv:sling ol
therapy-naive monocyles and avoid a potentially detrimental
effect of cerfain anti-cancer and supparbive trealment on the
quality of DMC-based anti-cancer immunotherapy.

Another issue in the contest of the concurrence of anti-cancer
treatment and monocyte-derived DC manufacture is the ]Engi]'l.
of the pharmacotherapy-free period prior to monocyte harvest
From our real-life experience pmuﬂ on this study group,
we conclode that a 3-day interval without treatment s not
sulficient for the combination of temowobimide and irinotecan
to sufficiently wash out the menecyte biology-intecbering effect
of this combination. However, the isue of a safe therapy-free
window is nat likely o be addressable through the establishment
of a wash-out periesd for 2 particular drog. The fitness of
monocyles and their capacity o differentiate and mature into
DCs with hagh antagen-presenting effect 5 a matter of their
|:|i.u]-u5i,|:3| function in the context of :atmgenic affection, which
i complexly shaped by the need for immediate treatments,
therr combanations, their cumulative doses, and the long-term
histary of treatment. Therefore, sdentifying 2 marker revealed
from a patients peripheral blood that predicis the outcome of
Di-generation woubd help to avoid an unproductive anti-cancer
DC-manufacturing process. Here we show that a high monocyte
count in CBC is not predictive of an efficacious outcome for DC
generation, Nevertheless, we And that the presence of immature
granulocytes in CBC may predict decreased immunostimulation
elicited by DCs and, subsequently, unsuccessful preparation of
DiC-baged IMP. However, closer evaluation of monocyte function
prior o their collection for [C generalion may be comsidersd.
A surrogate marker for the immuncstimulatery capacity of
monocyles may be evaluated in (i) their phenotype, EE. the bevel
of HLA-DHE or ILT-3 expression on monocyles or the proportion
of particular monocyte subsets mrdi.n$ o CD14 and CDI6
expression, or (6] their ability w produce pro-inflammatery
c}'hl'.i.nu: upan TLR stimulation {27).

In summary, monacyles represent a key starling material
for anti-cancer DC-baged vaccine manufacture. Therefore,
monocyle conditions have an impact on the manul!'a:turing
yield, the differentiation inte DCs, and the level of maturation
and  subsequent  immunostimulatory  functions.  For DO
manufacture from heavily pretreated pediatric patients with
h:gh-n:l. sarcomas and rheurubhslumn. we conclude that the
manufacturing vield and immunsstimulatory quality of anti-
cancer [DC-based vaccine generated from patients monocytes
were not influenced by the monocyte isolation medality but were
detrimentally affected by certain combinations of anti-cancer
agents. Thus, the combination of chemotherapy or largel.cd.
therapy with DC-based immunatherapy needs to be scheduled
nat only with respect to the likely beneficial role of anti-cancer
agents on the immunegenicity of wmer antigens for both in
vitrs DO generation viz induction of immunogenic cell death
amd in vive for effector response of DC-activated T-cells but

13

also with respect lo oplimal monocyle immunosimulatory
functions. Finally, these findings may alse have implications
for the general pharmacology of antscancer treatment. Az our
model of ex vivo-activated [MC preparation H,e:n.erau:.- parallels
the i vive differentiation pathways of monocytes to the antigen-
presenting cells, we may imply that d.rul.l; combinations at doses
used clinically may result in an impairment of patient DCs and
possably immune competence in general In conclusion, these
findings may stimulate further ressarch on dose and mechanizm-
of-action-based drug combination in patient-centered trals
1o optimize the treatment modalities corrently available in
clinical oncelogy.
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Nebeska K, Souckova L, Stepanova R, Demlova R. Exploring the publication gap in pedi-
atric randomized clinical trials: completed vs. uncompleted pediatric clinical trials. Front
Med (Lausanne). 2025 May 30;12:1590125. doi: 10.3389/fmed.2025.1590125. PMID:
40520805; PMCID: PMC12163232.

Summary

Purpose:

The aim of this study was to analyse the extent of incompletion and non-publication of pe-
diatric randomized clinical trials and to identify factors associated with these inefficiencies.
The study addresses a critical issue in pediatric research, where incomplete or unpublished
trials may lead to biased evidence and negatively impact clinical decision-making and pa-
tient safety.

Methodology:

A cross-sectional analysis of randomized pediatric clinical trials registered on ClinicalTri-
als.gov between 2011 and 2013 was conducted, with follow-up assessment of completion
status by 2017. Trial characteristics, funding sources, and publication outcomes were sys-
tematically evaluated, and statistical analyses were performed to identify predictors of trial
incompletion and delayed or missing dissemination.

Results:

Out of 1,088 eligible pediatric randomized clinical trials, approximately 16.5% were not
completed, most commonly due to insufficient patient recruitment. Among completed trials,
only about 58% reported results in registries and 70% were published in peer-reviewed jour-
nals, with notable delays in dissemination influenced by trial phase, funding, and sample
size.

Conclusion:

The study demonstrates that pediatric randomized trials are affected by substantial ineffi-
ciencies, including high incompletion rates and delayed reporting of results. Strengthening
regulatory oversight, improving trial feasibility planning, and ensuring timely dissemination
are essential to maximise the impact of NCCTs and to safeguard evidence-based pediatric
care.
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Exploring the publication gap in
pediatric randomized clinical
trials: completed vs.
uncompleted pediatric clinical
trials
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and Regina Demlova™®

“Faculty of Madidne, Cerrre of Excellence CREATIC, Masaryk Unhmarsity, Brrao, Cradhls, *Ewropsan
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Background: Randomized chinical trials (RCT=) are essential for adwvancing
medical knowledge, especially in pediatrics, where they provide critical evidence
for safe and effective treatments. Regulstory frameworks ke the Pediatric
Requiation in the EU and the Best Pharmaceuticals for Children Act in the LS.
have spurred growth in pediatric RCTs. However, these clinical trials face unigue
challenges, including ethical complaxities, recruitment difficulties, and funding
limitations, which cam hinder their completion. The publication of RCTs' results
= equally crucial, yet not all complated RCTs share their findings, contributing to
pubdication bias. This bias, especially in pediatric clinical trials, can distort medical
evidence, impact dinical decisions, and potentially compromise patient safiety.
Methods: We conducted a cross-sectional analysis of pediatnic RCTs registered
on ClinicalTrials.gov between 2011 and 2013, with completion status by
2017, Inclusion criteria included clinical trials with drug interventions in
participants aged 0-17 and randomization. Data on RCTs characteristics,
including phase, funding source, participant age, and enrollment, were
extracted. RCTs completion status was assessed, and reasons for incomplation
were categonzed. Publication status was evaluated through registry and manual
searches on PubMed and Google Schelar. Statistical analyses, including logistic
regression, were performed to identify factors associated with trial incomplation
and mon-publication.

Results: Qut of 2875 pediatric clinical trials reviewed, 1088 met the indusion
criteria. Among these, 16.54% were uncompleted, primarily due to patient
accrual msues (32.22K). Academic sponsors funded 4853% of trials, and
industrial sponsors funded 4513%. Of 908 completed RCTs, 5848% posted
results in registries, while 70% had results published in peer-reviewed journals.
Industrially funded RCTs were more lilkely to post results, but academic RCTs had
a higher scientific publication rate. The median time to first result publication in
registries was 21 months, with significant delays linked to the trial phase, funding,
and participant enrclment size.

Conclusion: Our study highlights significant challenges in pediatic RCTs,
including high incompletion rates and delays in result reporting. Ethical,
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regulatory, and

logistical barrers  hinder
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progress, impacting  evidence

transparency. Strengthened regulatory cwersight and enmhanced cormphance
are essential o impeove pediatric research outcomes and ensure tirmely
dizsemination of RCTs results.

KFWAO RO

registry, clinical trials, pediatrics, results, publication bias

1 Introduction

Randommed climical trials (RCTs) are pivodal medscal
research and healthcare as ther ngorous design manimizes bias
and delivers high-quality evidence on the safety and efficacy af new
medicines. The same prereguistes apply to RCTs in pediatrics. In
mast cases, new pediatric medicines are launched 1o the market
oaly after tharough evaluation through ROCTs, which remain the
gold standard for the Regulatory Agencies.

Complementing new drug applications, pediatric RCTs also
barm the cormerstone of evidence-based medicine (EBM) when
prifessional  societies, medical practitioners, and policymakers
rely on the results of well-conducted RCTE too set up ar update
guidelines, make informed decisions about patient care, and adjust
healthcare policies. Investigator-initiated trials {1ITs} aim bte answer
unresplved guestions from dinical practice by conducting RTs
to gather mare robust evidence on frequent off-label drog use in
pediatrics. This approach is particularly keneficial in pediatrics,
where [T are strangly represented.

Ta launch the new medicine bor pediatric patents to the
market, to optimize the standard pediatric health care, and to adjust
the clinical guidelines appropriately, the first assumption is (1) the
sufficient number of pediatric clinical trials, the second prevequisite
is {ii} their completion and the third credal conditton s the (mi}
open access to their results.

1.1 Trends in pediatric RCTs

There was a significant increase in peditric research in Europe
atter introducing the Pediatric Regulation {EC) Mo 190172006 (1)
The praportion of clinical trials that include children increased by
5% between X7 and 2016, from 8.25 to 12.4%, leading 1o more
evidence-bazed information on medicines used in children { 7).

[n the U5, the Best Pharmaceuticals for Children Act
(BPCA) of 2002 and the Pediatric Research Equrty Act {PREA}
of 2003 established incentives and mandates for pediatric drug
development, respectively. Since 2007, FDA has issued prionty
review vauchers for tropical diseases, medical countermeasures,
and rare pediatric diseases, and this voucher program has been
extended tor rare disease product applications with a rare pediatric
disease designation through September X0, 2024 (1],

1.2 Proportion of the uncompleted
pediatric RCTs

Drespite regulatory support, initiating and conducting trials in
the pediatric population is still more difficult than in adults because

Froniiers in Medicine

of multifaceted ethical barriers, the overall low burden of disease,
unfavorable market incentrves, and Lack of fundjng {4). Examining
the mumber af pediaiec RCTs conducted over a specthe period
would provide valuable insights.

Ethically, enralling minors in clinical research demands strict
profechve measures, parental consent, and assent depending on
age, which can complicate participant recrovtment and refention
(5). hloreover, the smaller size of pediatric populations for certanm
conditions makes reaching adequate sample sizes difficult, affecting
the dlinxal tmals statistical power and potentml completion.
Some of these barriers may lead te delay or incompletion
of dinical trials and thus to waste unnecessarily incuded
pediatric patsents.

Previous work has demonstrated that 11% of interventional
pediatric RCTs registered in Clinical Toals gov during the years
24072020 were prematurely discontinued, with poor participant
recruitment as a predominant reason for trial incompletion
[4). This issue could have ethical, social, health and economic
implications: patients consent to participate m the trial with the
expectation that the dinical hndings will foster new medical
knowledge. Therefore, trial incompletion may undermine patients’
trust in clinical research and represent a waste of financial (publsch
and human resources (6],

1.3 Release of the RCT's results

Accarding 1o the Declaration of Helsinka, 1t 15 the responsibility
of the researchers and sponsors to disseminate the trial results
involving human participants, regardless of the findings. In the
EU, according to EC guideline 20012/c302/03, the sponsor must
disclose the results of the registered trial in EUCTR o EMA
within 12 months of the trial completion. In the case of a
pediatric clinical trial, the timeline is shortened to & months
(7] In additsan, Regulatson (EU} No 336/2014 mandates that
a summary of the results for the lay public accompanies the
clinzcal trial results.

Far irials with at least ane U5 site, a 2007 FDA amendment
requires that results be posted on Clinical Tralsgov within | year
of clinical trial completion. Moreover, in September 2016, the 115
Drepartment of Health and Human Services issued a Final Rule for
Clinscal Trials Registration and Results Information Submission
(42 CFR Part 11) that clartfies and expands the regulatory
requirements and procedures for submitting registration and
summary results mformation of clindcal trials on ClinscalTrial=gov,
under FDAAA &01. Trial results published in registries should
include a summary of participants’ information, protoool and
changes, summary results for pre-specified primary and secondary
endpoints, details of adverse events, and statistical analyses ().
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1.4 Risk and implications of publication
bias in pediatric RCTs

Although the abovementioned regulations have been in force
tor a long time, their compliance by dinscal tmal sponsors =
not fully respected (9, 10} The non-publicatsan of results From
pediatric clinical trials is a critical issue with multiple underlying
causes and significant conseguences. Ome of these consequences
is the phenomenon of publication bias, where trals with negative
or inconclusive results are less frequently published, and this
phenomenon is well documented m medical research {11}, In
pediatrics, the risk of publication bias = elevated due to the
unique dependency on clinical trials for determining appropriate
treatments for children. Many medscations used in pediatric care
do nat have specitic approval bor use in children and are instead
prescribed off-label [12). This practice makes the accurate and
comprehensive reparting of clinical trial results crucial, as it direcily
influences the safety and efficacy of medicines administered to
this vulnerable population. The lack of publication of completed
and unbiased clincal trial resulls may lead to an incomplete
understanding of a medication’s risk profile, potentially resulting
in adverse effects that could have been mitigated or avoided.

The impact of non-publication of dinical trial results extends
bevond academic research and has mmplications for clinical
decismon-making and poabicy-making {6). By understanding and
addressing the causes of clinical trial incompletion and non
publication, researchers and policymakers can enhance the
reliability and accessibility of medical evidence, ensuring that the
benefits of pediatric clinical trials are fully realized and contribuze
b evidence-based medicine.

2 Materials and methods

The aim of this research work was firstly to map the
current trends of a number of pediainc clinscal tmals, thesr
rate of completion, and their results availability. As a second
aim, this cross-sectional, data-based analysis focuses on exploring
the factors leading to the high mtes of mcompletion and non
publication of pediatric clinical trial results and offering insights
that could potentially improve future research practices and
policy mntervenisons.

2.1 Data source

We systematically searched randomized pediatric clmical trials,
which were registered on ClinscalTrials gov. ClinacalTrials.gov
is an online database of clinical research stodies that contains
mare than 490,000 studies from 222 couniries, making it the
mast comprehensive WHO-recognized registry (13} The clinical
trials’ selectson was done in this database according to predehined
inclusicn criteria

L. RCT,
2. pediatric {the age of participants was limited from barth to 17

years),
3. with the drug interventson,

Frostiers im Medicing
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4. registered between 112011 and 311220135,
5. completed or uncompleted by 31.12.2007.

The recruitment status of clinical trial paricpants has,
therefore, been narrowed down to completed, withdrawn,
suspended, and terminated according o Clinical Trials.gov
Glossary Terms {14). According to this glassary, a iral was
considered completed if it had ended normally and participants
were nio longer being examined ar treated. 1f the tnal stopped early,
before the first participant was enralled, we refer to it as withdrawn,
The trial was classified as suspended of it had stopped early, but
could start again. The trial was given a terminated status if it was
stopped prematurely and not restarted. Participants were no longer
examined or treated. The content we searched was downloaded in
1SN format on the same day as our search tor detailed analyses,
ensuring the file’s immutabality.

The exclusion criteria follow:

l. mon-randomized,

2. non-pediatric,

i w.ilh-uuldru.g intervention,

4. withaut final confirmed status after December 31, 2017,

5. tmal registrabion was done = 80 days after the clinical trial start
date {15)-

The trial was mcluded in our analysis if it fulfilled all the
inclusion criteria and did ot meet any of the exclusion criteria.
This research is an independent follow-up sorvey te the work
of Harvard Medical Schoal researchers Pica and Raurgeais (14],
whose work was completed with pediatric RCTs registered by the
end af 2010 The tmetrame chosen for the pediatric dinical trials
included in the registry is therefore linked to Pica's research, while
allowing sufhcient time for the trials to be completed and the results
ter be published.

The EU Clindcal Trials Register (EUVCTR) was consulted 1o
identify the trial identifier (EudraCT number) and to determine
whether trial resalts had been published in the registry. Thas
procedure has only been used for studies taking place in the ELL
PubMled and Google Scholar were also systematically searched to
identify relevant publications in peer-reviewed pournals.

2.2 Clinical trial characteristics

We collected the following trials’ specific data from the
Clinical Trial gov downloaded content to provide pediatric RCTs
characteristics

a) Year of RCT registration;

2011, 2011, 213

k) Ape of participant;

Clinical trial participants were categorized by age into
“preterm, newborn, mfant, “wddler and preschool” “school
age,” “adolescent,” “mixed ages” and “combined.” While the
“mixed ages” clinical trials indude children of different ages, the
“combined” clinical trials include children and adults.

cl Fu.n.dlng sowrce {academic, industry, other);

Clinical Trial gov describes the funder as an organization that
prowides funding and support for a clinical trial (including activaties

frantiersin.org
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such as desiggn, data amalysis, and reporting ). Both sponsors and
callsboratoss are comsidered as funders according to the registry.
ClinzcalTrials.goo distinguishes funding types as industry, the
Mational Institutes of Health {NIH]}, and government agencies
[other than MIH} and other. We have categosized the funding
source based on sponsor and collabarator, similar to what has been
described in other trials (4, 16, 17} When only the spansor was
mentioned in the ClinicalTrials gov registry, we consadered it the
tunder. If mare than cne sponsoss were Listed, we determined the
lead sponsar to be the primary funder { 16).

Subsequently, we used three funder categories acadernic,
industry, and other. While trials where hospitals, universities, and
toundations were listed as sponsors, we classified them as acadernic
tunders, tmals with sponsors from the industry (pharmacewtscal
companies, any profit organization) were assigned to industry
funders. Category other included all government-funded trials.

dp Masking;
Open-label, smgle, double, triple, quadruple
el Actual enrollment;

Clinical Trials.gov allows for the identification af the
number af patients planned for the trmal and the number of
patients recruited.

I} Sample size;
Far each of these patients’ groups, we created 5 samiple simes:
0-50, 51-100, 101-500, 501- 1000, and = 1000,
g trial phase;
L IL 0L, O
) medical condition;

Medical conditions were classified according to the Internal
Claszibcation af Diseases (1CT-10) (1£).

il 1h!justi.ﬁcnti|:-n far an incompletion;

In the case of uncompleted clinical trials, we ascertained
the reason for termimation, which was stated directly in the
v registry or the published article, if any. Reasons
for termination were categorized as follows: patient accrual,
company/business decisson, informative termination, funding or

ClinscalTrials

regualatory issue, conduct problems, principle investigator left and
non-reporied or unclear reason.

2.3 Publication related to pediatric RCTs'
results search

The search for publications of pediatric RCT results in peer
reviewed scientific pournals followed a structured approach:

1 5t step: Registry Search

il We first searched tor publications directly in the registry
tar each incloded pediatnc RCT. Any publicatons found were
reviewed to assess their relevance to the clinical trial. A publication
was considered relevant if ot mentsoned the ClinscalTrials gov
[dentifier (MCT) of the cnmpl:bnd or terminated pediatric RCT i
either the article’s abstract or full text, and if it was published after
the clinical tmals completion

2nd stepc Manual Search

k] For pediatric RCTs with no publicatsons or non-relevant
publications listed in the registry. two independent researchers
(KN and 15} conducted additsomal searches on PubMed and
Google 5cholar. The search was based on the trials NCT or

Froeiens in Medicne
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EudraCT mumber, trial title, author names, institutions, aod
clinecal trial keywords,

jrd step: Publication Linkage

I} Articles were linked to the respective trial by comparing
trial data from the registry with mfarmation in the abstract or
tull manuscript when needed. In cases where multiple pubhicabions
were identified for a single trial, we selected the earliest publication.

2.31Time to publication

We decided ta search pediatric RCTs comnpleted by Decem ber
31, 2017, allowing investigators at least 2 years to analyze data, draft
a manuscript, and complete the necessary steps for publication in
peer-reviewed journals { 15]. This extended timeframe was intended
to provide sponsors and researchers sufficient time to publish
therr trial results.

m] The time to publication was caloulated by determining
the number of months between the tmalss completion and the
publication date. The trial completion date was obhined from
ClinscalTrials.gov, while the publication date was taken from the
terst available version, either in print or electronc format

2.4 Release of pediatric RCTs results
search

n) The ClinicalTrials.gov registry was used to search for the
results of completed tnals that met the mnclusion criteria. Trials
without published results in Clinical Trials.gov were searched in
the EU Clindcal Trial Register (EUCTR). 1 the trials' resulis
were published in the EUCTR. we added them to the trials
with tound results.

2.5 Data quality control checking

An independent researcher { B3} controlled each 1ih trial. Each
data paint for all included RCTs was verified against the source
intormation in the registry. In case of discrepancies or missing data.
the researchers were informed, and any discrepancies were resolved
through discussion and mutual agreement. Correctsons were made
where necessary following consensus.

2.6 Statistical analysis

All statistical analyses were performed using SA5 version %.4
[5A5 Institute Inc., Cary, MO, United Stabes). Descriptive statistics
were used to summarize both categarical and continuous variables.
For categorical variahles, data were presented as counts (n} and
percentages (%), with graphical representatsons whers appropriate.
For continuous variahles, results were reported using the median,
along with the minmum and maximum vahees. & chi-sguare test
was applied to compare categorical variables, and Povalues were
reported to indicate statistical significance. A Povalue of < 005 was
cansidered statistically significant.

To find factors influencing a publication gap, a two-step
approach was employed to build the final multivariate logistic
regression madel. Univariate logistic regression was performed
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[ Pediatric randomised clinical trials

with IMP registered within 2011.2013 in ClinkcalTrials.gov (n = 2675) ]

r

Excluded trials (n = 1787):

Non randomised trial (n = 852)
rnu-waeoommmcmn-sm

PGURE 2
Fu

Ow dagrarm of pedatric chacal bials selected Tor aralysic

for cach independent variable to assess its assocation with the
dependent variable. All variables with a P < 0.1 in the univanate
analysis were selected for incl in the multivarate logasti
regressson model. Only the significant factors (Le., parameters wuh
P < 0.05) from multivariate models are presented :n tables. The
results of the logistic regression are presented as odds ratios (OR),
along with 95% conbdence intervals (C1} and Povalues.

3 Results
3.1 Trial characteristics

The dataset contains data from 2875 pediatric clinical trials.
We identified 1787 pediatric clinical trials that did not meet the
inclusion criteria for our analysis and 1088 that fulfilled inclusion
criteria and were included in the analysis. As shown in Figure 1,
there were five reasons for excluding trials. The most frequent
reason was that the trial was not randomized (n = 852; 47.68%).
Other reasons why trials were excluded: the trial was registered
more than 60 days after the trial start day (n = 567; 37.73%), the
trmal was not a drug interventional trial (r = 323; 18.07%]), final
confirmed status was after December 31, 2013 {1 = 28; 1 57%) and
the last reason was that recruitment criteria did not meet inclusion
crateria (n = 17; 0.95%). This last exclusion criterion was selected if

Frontiers in Medicine

the start date was eardier than 1.1.2011 or multiple exclusion criteria
were present in one trial. The number of clinical tmals that were
included 1n our analysis is 1088,

3.2 Characteristics of the included
pediatric RCTs

Of all included trials, 528 (48.53%) had an academic primary
sponsor, and 491 (45.13%) trials had an ial primary sp "
The most represented age groups were combined (children + adult)
(1= 558;51.29%) and mixed age (n = 354; 32.54%) groups, follawed
by the preterm/newborn/mfant group (n = 99; 9.10%) (Table 1).
Certain mfectious and parasitic diseases (17.10%) and diseases of
the respiratory system were among the most common medical areas
of interest {15.90%) (Table 2},

3.2.1 Uncompleted pediatric RCTs

One hundred eighty (16.54%) of mcluded clinical trials
(n = 1088) were uncompleted, with 61.11% (r = 110) termunated,
38.33% (n = 69) withdrawn, and one trial suspended.

The most common reasons for incompleti
accrual {32.22%), company decisson (12.22%), and informative
decisson (11.67%) {1uble 3), eg. safety and efficacy reasons or
intennm analysis revealed a negative effect. Many clinical trials did

were patient

¥
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TABLE 1 Characteristics of complebed and uncompleted pediatric RCTs.

ALl el trials Carmp Erials Uncompleted trials (W = LBO)
N = 1,0:E8] )
pr-valise
Year megistered AR
EIRT ar eaw 3k 1 ] a1le
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not hawe a reason for their incompletion stabed in the registry, and
the reason was not traceable even in publications (22.78%).

Combined age, mixed age. and preterm/mewhornfinfant age
groups were mast obflen represented (Table |} in uncompleted
clinical trials.

The relationship between reasons for trial incompletion and the
number of ennalled patients 15 well lustrated in Table 4. Ot of
a total af 180 uncampleted tnals, 92 of them were not published
amywhere. The number of patients enrclled in these studies was
3267

Statistically signibicant was also a difference in funding
(p = 00441) (Table L}, with 100 {536.11%) uncompleted clinical
trials recerwving funding from an academic source, 66 {36.67%)
uncompleted trials from industry, and 13 (722%) trials receiving
funds from another source {e.g, government-funded studies).

The number of pediatric patients enrolled in uncompleted
clmical irials was 9,904, This number was counted bor termanated
and suspended clindcal trials only as o patients were recrusted in
the clinmical trials with withdrawn status.

A statstically signihcant difference was found  between
completed and uncompleted trials in planned sample size
(jp = L0022}, the number of patients enmolled {p < ROOGL}, and the
phase of the chinical trial (p = 0.0077 )

3.3 Access to the results in completed
pediatric RCTs

Owverall, we have identified 908 completed pediatric RCTs
in our research, where we searched for published results of
these clinical trials. We bocused on results recorded darectly
in clinical trial registries (ClinicalTraalsgov amd EUCTR) and
publicatons with clinical trial results in peer-reviewed joarnals.
We have wdentified 531 [SE48%) completed pediatric RCTs that
have posted results in ClnicalTrials gov + EUCTR and 377
(41.52%) completed pedmtric RCTs with no results in registers. The
number of completed pediatne RCTs with trial results published
in peer-reviewed pournals found in Google Scholan'PubMed and
Clinical Trials. goe! EUCTH as well was &4 {70%) (Figure 1),

Table 5 presents an analysis of the relationship between
the posting of climacal trial resolts on ClmicalTrials gow and
EUCTR (the European {linical Trials Registry) and  the
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presenice of corresponding scientific publications identified in
Clnical Trials.gov, EUCTR, Google Scholar, or PubMed.

The data are divided mto categories based on whether results
were posted in the registries and whether a correspanding scientific
publication was found. These findings are dependent parameters,
as the Chi-Square test indicates (pvalee 1s 00427

l. Kesults Mot Posted, Mo Sdentibc Publication: 125
climical trials {13.77%) nenher had results posted in
ClinicalTrals.gowy  or EUCTE nor  had
publication associated with them.

1 Results Nat Pasted, Scientiiec Publication Found: 252 clinical

trials {27.75%) did not have results posted in the regastraes but

were found to have a corresponding scentihe publicabion.

Results Posted, No Soentihc Publication: 143 clinical trials

{15.75%:) had their resulis posted 1o the registries but did not

have a corresponding scientific publication.

4. Results Posted, Scientific Publication Found: 388 clinical trials
{42.75%] had both their results posted in the registries and a
corresponding scientrhic publication.

any  scientific

e

For 504 {55.51%) completed clinical traals, the registry included
a reference to a scientific publication with the clinkcal trials’ results.
The remainmg 4 [44.4%%) completed clanical imals were without
any reference to scientific publication. Table & shows the relevance
of the publicatiens foond e the registry to the clinical trials
outcomes, with 86.9% being relevant and 13.1% being classibied as
non-relevant.

The age of the participants {p = {L0OE55), funding (p < 00001],
masking {p = 0023d), the patient enrolled {p = 0.0096), and
phase (p < 00001) were found to be significant determinants
of  [not)posting  results  in and EUCTR
{mupplementary Table 51} In multivariate analysis, evaloating all
tactars together, funding, phase, and patient enrollment remained
the factors associated with posting results in Clinical Traals gov and
EUCTR [(Table 7). Pediatric RCTs with ndustrial funding havea 3.3
times greater chance of being posted results than scademic RCTs.
Phase | clinical trials have a 78% lower chance of having published
trial results in ClinscalTrials gow/EUCTE compared to Phase [T
clmical traals. Clinical trials with maore than 1,000 enralled patients
hiave a 63% lower chance of being posted in Clindcal Trial gov and
EUVCTER compared to dinical trials with = 50 patients.

Clinscal Trials gov
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There is a statistically significant difference between completed
clinical trials with and without scientific publication found in
the age of the participants (p = .09}, the patient enrolled
[p < 0.000L) and planned sample size (p < BOO0L) {Supplementary
Tahle 52). Funding was evaluated as probably naot statistically
significant in this case. In Supplementary Table 52, we can see a
higher percentage of scientific publications in academic pediatric
RECT in comparison with industry sponsors.

In multivariate analysis, masking, participant age, and patient
enrellment were significant factors in evaluating all factors together
[Tahle &) Pediatric RCTE with maore than 1000 enrolled patients
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have a d.8x higher chance of publishing scientific publications
than climical trials with < 30 patients. RCTs invalving schoal-
age participants have a 73% lower chance of hawing found their
scientific publication compared to RCTs invalving anly preterm.,
newhorn, or mfant partcipants.

3.31 Time to publication of results in the
completed pediatric RCTs

For completed clinical trials, the median time from
the end of the trial to the first publication of results
in  CliricalTrials gow/EUCTE was 21 months  {min/max:
—35.93/119.77). There was no statistically significant difference
between parameters in completed clmical trials that posted results
within 12 months or after 12 months in Clinical Trials o EUCTR

The median time from the end of the clinical trial to the
publication of the results in peer-reviewed journals was almost 27
manths (minfmax: —17977108.79) far cumpletnd clinical tmalsj
After focusing on shtistically significant differences in some
parameters of completed studies, in multivariate analysis, funding,
phase, and patient enrollment remained the significant factors
associated with publication within 12 months (Table %) Trials with
industrial funding have a 79% lower chance of being published
within 12 months than academic climical trials. In some cases,
results or publications in peer-reviewed journals were released
bednre the dinical trial was completed. Reasons for that might be
that the sponsor or investigator had submitted the results from

interim analyss mio regstries or o a journal.

3.3.2 Access to the results in uncompleted
pediatric RCTs

Reporting of results of uncompleted pediatric RCTs was
ana]:.mad. and B2 [SE36%] of 110 terminated BCTs reparted the
results in Tegistries. Almast 23% (n = 15) of uncompleted RCTs
had a relevant publication with clinical trial results found in a
peer-reviewed journal. Three publications did mot mention that
the clinical trial was terminated early, yet they reported the
results without any warning. In contrast, the remaining articles
consistently highlighted the limitations.
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4 Discussion

Our analysis focused on RCTs in the pediatric population with
drug mtervention completed or finished by the end of year 2017,

Diespite efforts to raise awareness of this issue through
previously published work (4], the number of uncompleted RCTs
in the pediatric population is increasing. Pica et al {16} found
that 1% of ROCTs were not completed m the previous review
period. According to our findings, the number of incomplete
RBCTs actually increased to 16.5% in the subsequent follow-up
period. The most common reason for incompletion was insufficient
patient recruitment, which remains the same identihed factor in
the previous period by Pia and Bourgesis (16). In more than
half of the discontinued trials, 2 total of ten thousand patients
were recruited, Diespite the short duration of the clinical trials we
analyzed, this figure is quite alarming,. [t is evident, that the conduct
of pediatric clinical tnials deserves increased attention. Although
the current legal framework states the mecessity of publishing
results, just over half of the completed clinical trials had their results
listed in registries {ClinacalTrials gov and EUCTR}, and only 20%
had results published in registries within 12 months of clinical
trial completion. A significant proportion of trials had results
registered four years or more after the clinical trial completion date
(17%}. Imterestingly, 70% of completed clinical trials had results
tracezhle to peer-reviewed journals, Omnly 15% of pediatric RCTs
hiad published results in scientific articles within 12 months. Smmilar
to results published in registries, we found a high number of clinical
trials ( 20%} with the first publication of results in scientific journals
four years or more after clinical trial completion.

Although our analysis categorized pediatric trials consistently
with previcus research, it is important to recognize that the
pediatric population encompasses a wide range of developmental
stages, from prederm neonates and mfants o adolescents.
These different age groups can vary substantially in terms
of enrallment :fe:u:ilulidr.. consent and  assent Tequirements,
pharmacokinetics, pharmacodynamics, and disease characteristics.
Such differences may influence both trial design and outcomes,
including recruitment speed, treatment efficacy, and safety profiles.
Drue to limited age-specific detail in registry data, further subgroup
amalysis was not feasible, but we highlight this as a relevant
consideration For Future studies (3.1 Trial Characteristics). We
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decided b use the regsster ClinicalTrizlsgov as the source data
for our analysis. This register includes a vast number of clinical
trials from around the world, not just from the Unsted States,
making it more comprehensive and glohally relevant compared to
the EUCTR register, which is focused anly on clinscal trials within
the European Union. This broader scope provided a wider data sex
for our research. The data structure and presentation are detailed,
the regesters enviranment is user-friendly, and the chioice of flters
allowed us to abtain the data set that we needed for our analyses.
Failure to complete a clincal trial always causes significant
fimarcial, time, and sthical loxses. The reasons far early termination
can be hc’l:n:g,:nm:- §3.2.1 Ummlclnd pediatric RCTs). The
mast frequenily cited reason in regstries was low  patient
recrustment. This reason has remained unchanged for many years
and has been mentioned in previous trals as a major challenge
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Schentific publication found in ClinlcalTrials.gov + EWCTR and/or In
wgle Scholar/PubMed

L [+]

Results posted in Clinical Trals.gowv + EUC

Yex 143

Total Fo
in pediatric clinscal trials {4, 16, 20, 21). Compared to the adult

population, this particular barrier may be explained by the low
number of pediatric patients for a given disease and the process
of pbtaining informed consent, which has been more complex in
children {22, 23). Although new legislation in the EU & already
fully in place, allowing a child to be enrolled in a trial an the basis
of consent from only one parent, in some countries, both parents
still need to give informed consent, which can have a negative
impact on overall trial recruitment Public funding agencies,
instrtutional review hoards, and ethics committess should also
require imvestigators to provide empirical evidence to support the
teasibility of achieving the target sample size within an acceptable
recruifment persod: published or at least registered pilot clinscal
trials that include obtaining informed consent from participants
are likely to provide the best evidence of the feasibility of the
clinical trial protocol and provide the most realistic estimates for
participant recruitment [24}

There is also increasing recognition of the importance of
involving children and families in recroitment, consent, and study
design {1, 25} This approach can strongly contribute to the
teasibility and clinical trial completion.

Tao avercome the problem of small sample sizes in children,
significant  advances have been made m the development
of statistical methods and in the collaboration of dedicated
international groups and networks of pediatric clinical trials that
pool their data and resources. Including the European Clinscal
Research Infrastructure MNetwork {ECREIN} in the preparatiomn
and conduct of multicenter and mubtnatsomnal clinical trials,
particularly those involving pediatric populations, represents a
significant advantage. All these factors can improve the feasibility
of the clinical trial.

Commercial RCTs are maore likely to be completed. This is
cansistent with previsus reszarch perfarmed by Pica and Boargeais
{16} And Rees et al. (26}, One of the factors could be the interest
of the pharmaceutical company to complete the clinical trial and
get therr product on the market. Financial considerations may
play an important role here when in commercial clinical trials, the
investigators are used to get fees for their scientific work, which
increases the motvation of the trialists. Maoreover, pharmaceutscal
compangzs are mare familiar with imenlving patient advocates i
the planning and organizing of clinical trals and usually have
maore developed technical infrastructure. On the other hand, with
acadernic clinscal trials, research is aften funded by public funds
and foundations, which have time and financial lmmits that can be
challenging to meet
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TABLE 7 Significant Tachors associabed with posting results in

ClinicalTrials gov & ELMTR.
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A previous research study publshed in Pediatrics that
reviewed interventional pediatric clinical trials regastered with
ClinscalTrials gov between 208 and 2010 indicates that 2%.&8% of
completed trials remained unpublished in peer-reviewed journals
{16}, In our research, which loosely followed the ahove study with
an analysis of completed trials registered in the same registry
hetween 2011 and 2013, 30% of pediatric RCTs had oo published
results in scientific journals and 42% in regastries (1.3 Access
ta the results in completed pediatric RCTs). Similar findings are
reported in another study where 50% of the toals regastered in
EULCTE as completed or terminated by 2017 had published results
in the registry {Y). The same collective of authors from The
Bennett Institate for Applied Data Science at the University of
Oxhord further addressed this topic and created websites (27 with
tools that clearly show the number of published and unpublished
clinical trial results by sponsors in the registries. In other words,
these manthly updated trackers monitor the compliance of every
individual sponsor from the ranks of pharmaceutical companies,
universities, hospatals or foundatiens with FOAAA 2007 [FDAANL
TrialsTracker) (28} and EU rules (EU Trials Tracker} {29). Brewster
and colleagues found that cnly 23.5% of completed pediatric
clinical trials registered between 2007 and 2020 reported results on
the Clinical Trials gov registry, and 38.8% of the clinical trials were
published in a peer-reviewed journal (1).
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Oiur amalysis also shows that industry-funded trials were mare
likely to have their results published in registries and less likely to
be published in peer-reviewed journals than academic clinical trials.
The disparity in the publication of results between non-commercial
and commercial sponsors is highlighted in the Joint Letter by the
European Commission, EMA, and HMA from Aprl 2119, The
letter first points to the overall compliance with the publication
rules, with 68% of completed RCTs publishing their results. Further
evaluation of this growp by the sponsor shows a disproportion
between industry sponsors and academic sponsars in reporting
compliance (77% for commerdial sponsors vs. 23% for academic
sponsors) |41

It is likely that academic sponsors are unaware of themr
ohligations or do nat have administrative procedures or souarces
in place to highlight mon-compliance. To be compliant with the
legislative requirements and good clinical practice, the sponsor s
respansible for reporting the clinical trial results to the registry.
However, in practice, in the case of hospitals acting as sponsors
of an academic clinical trial, the principal investigator often
becomes respansible and may not be sufficiently intormed of the
reporting obligation (%), Phzer has reported that the preparation
of results summaries requires 4-60 h, and it is possible that the
academic sponsor doesn’t have administrative sources available
bt ensure reparting on time (3L} Another signmficant reason
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could be the mcentive struclore. Commercial SPOTISNE, such
as pharmaceutical companies, are often motivated to publish
results due to the financial mplications of drug development and
market approval. Regulatory bodies [FOA or EMA) enfarce strict
guidelines, and failure to comply may lead to penalties or delays
in product approval. Furthermare, academic ressarchers may focus
on publishing in high-impact journals to advance their careers or
secure further funding. As a result, regsstry submissions, which
may not carry the same academic recognition, are sometimes
depripritized. Caution should be exercised when interpreting the
results of prematurely terminated and, therefore, underpowered
pediatric ROTs, Mevertheless, their results can still be considered
valid and could potentially contribute valuable pilot data for future
studies. In addition, these findings could miluence systematic
reviews and meta-analyses (24}

There is no doubt that it is necessary 1o report the results of
studies i registries according to the instructions and requirements
of each registry. On the other hand, we believe that publishing
results in peer-reviewed journals is maore readable and accessible
bt the scientific community. But for the patient community, it &
hardly accessible, mainly because of non-open access articles or
the requirement to be a health professional. Ideally, the clinical
trial sponsor would share the positive or negative results of the
trial with the scientific and lay public community in bath forms
(results in the registry + scientihc publication). However, almost
4% of completed pediatric RCTs did not publish their results in
either a registry or a scientific journal. This completely contradicts
the ethical commitment to participants who agreed to contribute to
scientific progress in the expectation that their participation would
produce publicy available knowledge {15). Spectfically, academic
and other academic sponsors should be encouraged to publish
the results of their trials in registries in order to maximize their
valuable contribution to meeting public health needs and 1o the
advancement of clinical research, especially where there are fewer
commercial inkerests {40,

As mentwoned previously, timely reporting of clinical tral
results is also a legal requirement. Our results show a median time
for results publication of 21 months (3.3.1 Time to publication of
the result in completed pediatric RCTs). Anderson’s study focusing
on compliance with result reporting at ClinscalTrials gov describes
a median time of 17 months (31}, While prompt dissemination
of clinical trial data ensores that researchers, healthcare praviders,
and policy-makers can access the mast current evidence, enahling
informed decision-making and fostering evidence-based clinical
practices. In addition, timely reporting may reduce the sk of
redundant research {12,

We believe that the public ranking of sponsors’ performance
in registry reporting, carried out through the work of the Bennett
Institute’s team of experts, and the dissemination af information
related to clinical trial registration and publication of dinical trial
results provided by the AT
This may represent ane way 10 encoUTARE spansors (e.g., to avaid

rials et mnibative (33) is m:arldnnfu].

reputational damage) not to underestimate the reporting of study
results. Anather approach to improving compliance with EU and
US regulations on reporting study results would be tor national
regulatory autharities to conduct open public audits of compliance
and regularly fine or withhold funding from those violating these
ethical and legal rules.
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[n surmmary, our analysis maps the current trends of a number
of pediatric clinical trials, highlighting significant challenges in
their completion and publication of their results related o this
vulnerable population. The unique ethical, regulatory, and logistecal
hurdles associated with pediatric research—such as recruitment
difficulties, ethical considerations related to informed consent,
and the complexsty of pediatric clinical trial design—contnbate
to a higher rate of uncompleted RCTs compared to adult
RCTs. Furthermore, our Andings indicate substantial delays or
outright omissions in the reporting of pedistric RCT results,
both in clinical trial registries and in peerreviewed journals
This underreporting compramises the transparency and availabilsty
of evidence necessary to make a reasonable decision in clinical
practice and policy in pediatric care.

The discrepancies in reporting, particularly among academnic
sponsars, suggest that further incentives or  enforcement
mechanisms may be required to ensure the timely dissemination
of clinical trial results. Addressing these barriers s crucial
ta improving pediatric research outcomes, bostenng greater
trust in the dinkal trial process, and ensuring that children
benefit from advancements in medical science. Future efforts
should focus on enhancing regulatory oversight, streamlining
clinical trial processes, and encouraging broader compliance with
reporting rules to advance the quality and impact of pediatric
clinzcal research.
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Rose AM, Nicolay N, Sandonis Martin V, Mazagatos C, Petrovi¢ G, Niessen FA, Ma-
chado A, Launay O, Denayer S, Seyler L, Baruch J, Burgui C, Loghin I, Domegan L,
Vaikutyté R, Husa P, Panagiotakopoulos G, Aouali N, Diirrwald R, Howard J, Pozo F,
Sastre-Palou B, Nonkovi¢ D, Knol MJ, Kislaya I, Luong Nguyen LB, Bossuyt N, De-
muyser T, Dziugyté A, Martinez-Baz I, Popescu C, Duffy R, Kulies¢ M, Souckova L, Mi-
chelaki S, Simon M, Reiche J, Otero-Barrés MT, Lovri¢ Makari¢ Z, Bruijning-Verhagen
PC, Gomez V, Lesieur Z, Barbezange C, Van Nedervelde E, Borg ML, Castilla J, Lazar
M, O'Donnell J, Jonikaité I, Demlova R, Amerali M, Wirtz G, Tolksdorf K, Valenciano M,
Bacci S, Kissling E; I-MOVE-COVID-19 hospital study team; VEBIS hospital study team;
Members of the I-MOVE-COVID-19 and VEBIS hospital study teams (in addition to the
named authors). Vaccine effectiveness against COVID-19 hospitalisation in adults (> 20
years) during Alpha- and Delta-dominant circulation: -MOVE-COVID-19 and VEBIS
SARI VE networks, Europe, 2021. Euro Surveill. 2023 Nov;28(47):2300186. doi:
10.2807/1560-7917.ES.2023.28.47.2300186. PMID: 37997666; PMCID: PMC10668259.

Summary

Purpose:

The aim of this study was to estimate the effectiveness of COVID-19 vaccines in prevent-
ing hospitalisation among adults during periods dominated by Alpha and Delta SARS-
CoV-2 variants in Europe. The study also sought to generate robust real-world evidence to
inform vaccination strategies and public health decision-making during evolving pandemic
phases.

Methodology:

The study used a multicentre, multinational test-negative case-control design, conducted
within the I-MOVE and VEBIS hospital surveillance networks across multiple European
countries. Adult patients hospitalised with severe acute respiratory infection (SARI) were
systematically tested for SARS-CoV-2, with positive cases compared to test-negative con-
trols; vaccine effectiveness was estimated using adjusted logistic regression models ac-
counting for confounders such as age, comorbidities, study site, and calendar time.

Results:

The analysis included several thousand hospitalised patients and demonstrated that
COVID-19 vaccination provided high protection against hospitalisation, particularly after
completion of the primary vaccination schedule. Vaccine effectiveness was generally
higher during Alpha circulation and slightly reduced during Delta dominance, but re-
mained substantial across age groups and settings.

Conclusion:

The study confirms that COVID-19 vaccines are highly effective in preventing severe dis-
ease requiring hospitalisation in real-world European populations, even during variant
transitions. It also highlights the robustness of the test-negative design within coordinated
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surveillance networks as a key methodological approach for generating timely, policy-rele-
vant evidence in NCCTs.
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Introduction: Two large multicentre European hospital Results: We included 1,087 cases (538 controls)

networks have estimated vaccine effectiveness (VE)
against COVID-1g since 2021. Alm:We aimed to measure
VE against PCR-confirmed SARS-CoV-2 in hospitalised
severe acute respiratory illness (SARI) patientszzo
years, combining data from these networks during
Alpha (March-June)- and Delta (June-December)-
dominant periods, 2021. Methods: Forty-six partici-
pating hospitals across 14 countries follow a similar
generic protocol using the test-negative case—control
design. We defined complete primary series vaccina-
tion (PSV) as two doses of a two-dose or one of a sin-
gle-dose vaccinez14 days before onset.

WWW.eurosunvelliance.org

and 1,660 cases (1,442 controls) in the Alpha- and
Delta-dominant periods, respectively. During the
Alpha period, VE against hospitalisation with SARS-
CoVz for complete Comirnaty PSV was 85% (95% Cl:
60—02) overall and 75% (95% Cl: 42-90) in those
agedz 8o years. During the Delta period, among SARI
patientsz 20 years with symptom onsetz150 days from
last PSV dose, VE for complete Comirnaty PSV was 4%
(05% Cl: 18—74). Among those receiving Comirnaty
PSV and mRNA booster (any product)zigo days after
last PSV dose, VE was 91% (95% Cl: 57-08). In time-
since-vaccination analysis, complete all-product PSV
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VE was»00% in those with their last dose<go days
before onset;=70% in those go-179 days before onset.
Concluslons: Our results from this EU multi-country
hospital setting showed that VE for complete PSV
alonewas higher in the Alpha- than the Delta-dominant
period, and addition of a first booster dose during the
latter period increased VE to over go%.

Introduction

COVID-19 has caused considerable maorbidity and
mortality in Europe since March zozo. International
collaboration accelerated COVID-19 vaccine develop-
ment and within the European Union (EU)/European
Economic Area (EEA), by the end of December zo21,
there were five COVID-10 vaccines authorised for use
with conditional marketing [1,2]: two are spike protein-
based mRMA vaccines: Comirnaty (BNTi62bz; Pfizer
BioNTech) and Spikevax (mRNA-1273; Moderna); two
are spike-protein-based adenoviral vector vaccines:
Vaxzevria (ChAdOx1; AstraZeneca) and Jcovden (Adz6.
COV 2.g; Johnson & Johnson); one is a subunit vaccine:
Muvaxovid (NVX-CoVa373; Novavax).

Earlier in 2021, the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) Alpha variant was domi-
nant in Europe, superseded by the Delta variant dur-
ing the summer months. High efficacy was observed
in randomised controlled trials of COVID-19 vaccines
carried out before Alpha or Delta circulation [3-6].
However, evaluating the real-world COVID-19 vaccine
performance is critical for understanding and evaluat-
ing vaccination programmes [7,8].

The [|-MOVE (Influenza - Monitoring Vaccine
Effectiveness in Europe) network expanded in zoz2o to
include monitoring of COVID-19 vaccine effectiveness
(VE) and became the |-MOVE-COVID-19 network. The
|-MOVE-COVID-19 and Vaccine Effectiveness, Burden
and Impact Studies (VEBIS) networks in Europe have
carried out hospital-based COVID-19 VE studies since
2021. Both networks use common generic protocols
[g,10] and the test-negative case—control design.

We estimated VE against hospitalisation with PCR-
confirmed SARS-CoV-z. In the absence of complete
genetic sequencing information, we aimed to investi-
gate VE during the Alpha and Delta periods between
March and December zo21.

Methods

Setting and study period

There were 15 |-MOVE-COVID-19 and VEBIS hospital VE
study sites from 14 European countries participating in
the two networks during the study period from z March
to 25 December zoz1 (Figure 1), including 46 hospitals.

We defined the Alpha- and Delta-dominant periods as
weeks wherez 80% of variants sequenced were Alpha
or Delta, respectively, in each country using GISAID
data [11]. We included data only from these weeks: 3

March to 11 June for Alpha, and 21 June to 25 December
for Delta dominance.

Study design and case definitions

We used the test-negative case—control design [12], in
which we defined cases as SARI patients testing SARS-
CoV-2-positive by RT-PCRwithin 48 h of hospital admis-
sion or within the previous 14 days. Controls were SARI
patients testing PCR-negative for SARS-CoV-2 within
48 h of admission. We used the ECDC definition for a
possible COVID-19 case to define our study population
of SARI patients (individuals hospitalised for at least
24 h, presenting with fever or cough or shortness of
breath or sudden onset anosmia, ageusia, or dysgeu-

sia) [13).

Study sites adapted their I-MOVE-COVID-19 or VEBIS
VE network hospital study protocols [g9,10] to their
country-specific setting, as appropriate. Eleven sites
included all SARI patients admitted to participating
hospitals. The participating hospital in Belgium, the
two in Lithuania and the over 20 hospitals in participat-
ing Spanish regions {except Navarra) included all SARI
patients admitted on either 1 or 2 days each week. One
site (the Metherlands) included a maximum of 10 SARI
patients per week.

Study site teams collected demographic data (age,
sex), clinical data (chronic conditions) and COVID-19
vaccination information via guestionnaire, electronic
medical records, vaccine registries or patient interview.

Inclusion and exclusion criteria

We included patients aged zo years and over who
belonged to the age-specific target group for COVID-
19 vaccination of their country at time of swab. We
excluded patients with missing/erronecus key wvari-
ables (age, sex, key dates, waccination information).
Study sites excluded patients with contraindications
forwvaccination.

Definitions of vaccination status

We defined SARI patients as partially vaccinated with
primary series vaccination (PSV) 14 days after receiv-
ing one of two recommended doses of a two-dose vac-
cine; as completely vaccinated with PSV 14 days after
receiving either the second of two recommended doses
of a two-dose vaccine, or a single dose of JCovden; as
having received a complete PSV plus booster dose 14
days after receiving the first mRNA booster; as unvac-
cinated if they did not receive any COVID-1g vaccine or
were vaccinated with the first dose of a two-dose vac-
cine (or a single dose of |Covden) on or after the date
of symptom onset. Those vaccinated with the second
dose of a two-dose vaccine on or after their date of
onset were recoded as partially vaccinated. Anyone
vaccinated 1-14 days before onset was excluded. All
analyses used unvaccinated as the comparison unex-
posed group (Table 1).

WWW.curosurvelllance.org
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KEY PUBLIC HEALTH MESSAGE

What did you want to address in this study?

To understand how well the COVID-1g vaccine was performing in Europe against hospitalisation during
SARS-CoV-z Alpha and Delta variant periods, we present vaccine effectiveness results from a multi-country
study of complete and booster dose COVID-19 vaccination among adults (aged zo years and over).

What have we learnt from this study?

Between March and June zoz1 (Alpha period), vaccine effectiveness against hospitalisation with laboratory-
confirmed SARS-CoV-z was 43% for partial vaccination and 86% for complete vaccination. For June to
December 2021 (Delta period), vaccine effectiveness for complete vaccination was lower (52%) but with
addition of an mRNA booster dose, effectiveness reached g1%, and remained »go% up to 119 days after the
booster dose.

What are the implications of your findings for public health?

In Europe in 2021, COVID-19 vaccine effectiveness results for the Alpha period indicated an excellent
benefit for preventing hospitalisation after complete vaccination. During Delta variant circulation, however,
a booster dose was required to achieve this level of effectiveness, and this was maintained for up to 4

months post booster.

For this analysis, we excluded those who had heter-
ologous primary series doses or at least one unknown
primary series product and we only included patients
receiving the same product for both PSV doses (homol-
ogous PSV).

Statistical analysis

We compared the odds of vaccination between cases
and controls using logistic regression, calculating VE
as 1 minus the OR of vaccination among cases and con-
trols (expressed as a percentage). We included study
site (as a fixed effect) and date of swab (modelled as a
spline or categorical variable, with the best functional
form designated by the Akaike information criterion) in
all VE analyses.

We further adjusted the OR for age, sex and presence
of at least one of the four commonly collected and
COVID-19-relevant chronic conditions (asthma, diabe-
tes, heart disease and lung disease).

For the age-specific analyses, we stratified the data
into three age groups: 20-59, 6o-79 andz 8o years. We
also performed stratified analyses by sex and by pres-
ence of at least one chronic condition {ws no chronic
conditions). In time-since-vaccination analyses for the
Delta period, we measured VE by days since last PSV
dose (for those with complete PSV) and by days since
mRMNA booster dose (for those with complete PSV plus
first booster), for 30-, 60- and go-day periods.

During the Alpha period, we estimated VE against hos-

pitalisation with COVID-10 in 5ARI patients for partial
and complete PSV (Table 1; Analysis 1).

WWW.eurosurvelllance.org

During the Delta period, we estimated VE against hos-
pitalisation in SARI patients with COVID-1g, restricting
most analyses to patients eligible for a booster dose
(i.e. who were in the age-specified booster dose target
group based on national recommendations; Table 1).
We estimated VE in all those with complete PSV with-
out booster dose who had received their last PSV dose
at least 150 days before onset (Group A; Analysis 2),
and in those with a first mRNA booster, who hadz15o
days between their last PSV dose and the booster dose
(Group B; Analysis 2). The 150-day restriction in Group
A was used to facilitate comparison with Group B {on
average, participating countries recommended first
booster dose to be 5 months after last PSV dose). This
analysis was conducted for the Delta period because
the long duration of circulation resulted in longer
delays from last PSV dose to onset.

In Analysis 3, we estimated VE for those receiving PSV
only, in different vaccination target groups: the PSV tar-
get group (Group C), and the country-specific booster
dose target group (BDTG; Group D). Time since last PSV
was not taken into account (Table 1).

In Analysis g, we estimated VE for complete PSV with-
out and with booster by time since vaccination (using
30-, 60- and go-day periods) for all vaccine products
combined.

In Analysis 5, we estimated VE for those with complete
PSV in a country-specific BDTG with symptom onset
less than 150 days from their last PSV dose (Table 1).

Sensitivity analyses
We conducted sensitivity analyses excluding all SARI
patients with known prior infection, and another
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FIGURE 1

Countries and study sites participating in I-MOVE-COVID-1% and VEBIS hospital vaccine effectiveness studies, by

provision of data for this analysis, Europe, 2021

-

[ Countriesfsites prowlding dara Included
Inthesa analyses

3 Counrrles/sltes prowlding dara not
Included In these analyses

Creartad with map chart.nat

I-MOVE: Influenza — Monitoring Vaccine Effectiveness in Europe; VEBIS: Vaccine Effectiveness, Burden and Impact Studies.

Fifteen participating sites: Belgium (BE). Croatia (HR). Czechia (CZ). France (FR). Germany (DE). Greece (GR), Ireland (IE}, Lithuania (LT}.
Luxembourg (LU), Malta (MT), the Netherlands T‘Ii_] PorluEaé_}PI}. Romania (RO). Spain 11 regions (ES). Spain Navarra region (NA). Ten

included in this analysis: BE, ES. FR, HR, IE, LT, NA. N

restriction included only 5AR| patients with severe
outcomes (either admission to an intensive care unit
(ICU) or death in hospital). Where the number of cases
or controls per parameter was<1o, a sensitivity analy-
sis was conducted wusing Firth’s methed of penalised
logistic regression (PLR) to assess small sample bias
[14,15], which we considered to be present if there was
a difference of1o percentage points between the PLR
and original VE estimate. Any estimates meeting this
criterion for small sample bias were not included, also
we do not present any VE estimates in any stratum for
which the teotal number of vaccinated cases and con-
trols was<zo.

Results

Entire Alpha and Delta period (March to
December 2021)

Fifteen sites submitted data on 8,616 SARI patients
swabbed between 2z March and 25 December zo21

(Figure 1, Figure 2). Data from four sites were not eli-
gible for inclusion in analysis from the outset, as their
data included fewer than five cases (one site) or con-
trols (two sites), or their participating hospitals had
been designated “COVID only" earlier in the pandemic
and SARI patients were almost exclusively SARS-CoV-2-
positive (one site). After exclusions, a further four sites
were excluded from the Alpha period and one more
from the Delta period (Figure 1) for having fewer than
five cases or controls.

Alpha period (3 March to 11 June 2021)

Descriptive analysis

Seven sites submitted data eligible for inclusion in this
period (Table 2). After applying the study and analysis
exclusion criteria (Figure 2), we included 1,087 cases
and 538 controls who had been swabbed during the
Alpha-dominant period. Most cases (n=838; 77%)
were younger than 8o years, while 320 controls (60%)

WWW.eurosurnvel llance.org
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FIGURE 2

Exclusions for I-MOVE-COVID-19 and VEBIS hospital vaccine effectiveness studies, Europe, 2021 (n=8,616)

8,616

Hospitalised SARI patients tested for SARS-CoV-2 between
2 Mar and 27 Dec zoz1 (Alpha and Delta periods)
in participating hospitals

4.736
Ellgible for analysls
agedz 20

! ¢

2756 1980
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: - -
[T 1! 030 !
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| Waccinared :. I.Im.rm:crnamcHI

e e — [ .

3.880 excluded
1,312 not eligible for primary serles vaccinadon
637 swabbed » 10 days afer onsat
427 mIssing/INCOMmact vaccinarion Information or did not
nave recommended delay bewween doses
4201n long-term care facliiy
361vaccinated within 14 days of onsat
2723 ffOM ONe SITE*WIIN No vaccinated Controls
140 from eIgNISHes WIth < § CAS2s OF CONTrols
115 MIsSINg ONset, swab or aamission date
85 onset: 3 days after swab date
55 missing sax or age Informartion
34 aged ¢ 20 years
34 healthcare workers
27 NET2M0IOZOUS Primary seres products
& Incongruent dates (e.g. admission afer discharge darg)
07 N0 CONSEnt
3 onsers 7 days afer admisslon (possible nosocomial)

*In the Delta period only.
b Elght In the Alpha period (four of these atso In the Delta period)

I-MOVE: Influenza - Monitoring Vaccine Effectiveness in Europe; SARS-Col-2: severe acute respiratory syndrome coronavirus z; VEBIS:

Vaccine Effectiveness, Burden and Impact Studies.

Included data are from 42 hospitals in 10 participating sites.

were in this age group (Table 2). Fifty-seven per cent
of cases (n=622) and 54% of controls (n=292) were
male. Fifty-six per cent of cases (n=606) and 74% of
controls (n=399) had one or more of the four com-
monly collected chronic conditions.

There were 62 (6%) partially and 12 (1%:) completely
vaccinated cases, o4 (18%) partially and go {17%) com-
pletely vaccinated controls. Vaccination rollout contin-
ued as cases and controls were selected (Figure 3).

All 12 completely vaccinated cases had received
Comirnaty. Among the go completely vaccinated con-
trols, 82 (91%) had received two doses of Comirnaty,
seven (B%) had received Spikevax and one (¢1%) had
received a single dose of |Covden (Table 2).

A higher proportion of cases than controls were admit-
ted to ICU or died in hospital (22% vs 4% and 19% vs
0%, respectively; Table 1). Most (» 90%) cases and con-
trols were swabbed between weeks 10-18 (Figure 3).

Vaccine effectiveness estimates

Analysis 1: Vaccine effectiveness in patients = 20 years for partial and
complete primary series vaccination

Partial vaccination VE among those agedz zo years (all
vaccine products combined) was 43% (95% confidence
interval (CI): 13—62); 45% (05% Cl: 8-67) for Comirnaty
and 31% (95% Cl: —46 to 67) for Vaxzevria. Sensitivity
analyses excluding SAR| patients with known prior

infection are appended in Supplementary Table 51,
where the VE was within 2 percentage points for partial
VE. For SARI patients with severe outcomes during the
Alpha period, numbers were too small to estimate VE.

Complete PSV (all products) VE during this period
was 86% (g5% Cl: 71-93); 85% (95% Cl: 69—g2) for
Comirnaty (Table 3). There was insufficient sample
size to estimate complete PSV VE for any other vac-
cine product during this period. The point estimate of
VE for sensitivity analyses (prior infection) were identi-
cal for complete PSV; these results are made available
in Supplementary Table 51. Again, there was not suffi-
cient sample size for the sensitivity analysis for severe
outcomes.

Partial VE wast¢6o0% in those aged Go-7o vyears
and< 30% in thosez 8o years; there was only sufficient
sample size to estimate complete PSV VE in the old-
est age group (275%); for partial and complete PSV
results among adults (220 years) in the PSV target
group, overall and in those eligible for a booster dose,
see Supplementary Table Sz. During this period, few
individuals aged 20-50 years had been targeted for
vaccination, so we could not provide estimates for this
age group.

WWW.aurosurvelllance.org
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TABLE 2a

Characteristic of cases and controls, I-MOVE-COVID-19 and VEBIS hospital vaccine effectiveness studies, Europe, SARS-
CoV-2 Alpha and Delta periods March-December 2021 (n=4.736)

Alpha period: [anuary to June zoz1 (n=1,625) Delta period: July to December 2021 (n=3,111)

Patient characteristic SARS-CoV-2 cases Te;t-ne_gati\re antrols SAEE—C:-\"_—_: Cases Test-negative controls
(n=1.087) (n=538) (n=1,66g) (m=1,443)

Number % Number % Humber % Number %%
Median age [years) 6o 76 63 72
Age groups (years)
20-59 247 22.7 -] 12.8 Go5 H1.6 348 251
f0-79 591 544 251 467 B4y 38.6 G4t 44.5
=80 249 2.9 218 40.5 330 15.8 453 314
Sex
Male 622 57.2 292 54.3 -1 550 By 56.5
Female 465 #2.8 256 45.7 &85 41.0 627 43.5
At least one chronic condition®
Ha 481 443 139 z5.8 529 55.7 445 311
Yes o6 55.7 19% 742 T4 453 593 GB.9
COVID-13 vaccination status
Unvaccinated 1,013 93.2 54 658 1,026 G5 234 16.2
Partial vaccination only® &2 5.7 o4 17.5 35 2.1 &8 &7
Completa P5V: 1z 1.1 o0 16.7 5ol 5.8 1,043 723
Complete PSV +first booster® NA 10 0.6 o7 6.7
Waccine product among vaccinated: first dose
Comirnaty 45 1.6 155 Bo.6 392 1.0 8848 T4
Vaxzevria 21 28.8 19 10.6 156 24.3 78 14.7
Spikevax 7 0.6 15 8.3 22 3.4 Q0 75
JCovden o o.0 1 0.6 72 11.2 &7 3.9
Other/unknown* 1 NC & NIC 1 N 7 NIC
Waccine product among vaccinated: second dose
Comirnaty 1z 100 8z 021 381 FL1 852 78.0
Waxzevria o o o 0.0 135 25.2 155 14.2
Spikevax o o 7 7.9 20 17 Ba Fody
Otherfunknown* ] NC o NC o NC 5 NC
Vaccine product among vaccinated: first booster
Comirnaty 10 100 8g 91.8
Spikevax HA o NC 7 7.2
Otherfunknown® o NC 1 L0

ICU: intensive care unit; I-MOVE: Influenza - Munilorir\u‘g Waccine Effectiveness in Europe; NA: not applicable: NC: not calculated: Ni: no data
included; P5SV: primary series vaccination; SARS-CoV-2: severe acute respiratory syndrome coronavirus z; VEBIS: Vaccine Effectiveness,
Burden and Impact Studies.

= At least one of four commonly collected conditions (diabetes, heart disease, lung disease, asthma).

t Partially vaccinated: amy SARI patient who received only one of two recommended doses of a two-dose vaccine.

= Ejom}leteh,l wvaccinated: amy SARI patient who received either both of two recommended doses of a two-dose vaccine, or a single dose of
covden.

“Vaccinated with first booster: any SARI patient who received either both of two recommended doses of a two-dose vaccine, or a single dose
of Jcovden, plus one booster dose.

* Missing totals not included in percentages.

.eurosunvelllance. org 7
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TABLE 2B

Characteristic of cases and controls, I- MOVE-COVID-19 and VEBIS hospital vaccine effectiveness studies, Europe, SARS-
CoV-2 Alpha and Delta periods March-December 2021 (n=4,736)

Alpha period: January to June zoz1 (n=1,625) Delta period: July to December 2021 (n=73,111)
SARS-CoV-2 cases Test-negative controls SARS-CoV-2 cases Test-negative controls

Patient characteristic {n—1.087) n=538) (n=1,665) (n=1.443)

Number % Number % Humber % Number k)

Severa putcomes

Hospitalisation 1.087 100 538 100 1.665 100 1,442 100
1CU admission 271 2.7 20 4.0 330 20,0 119 B.g
Mo ICU admission B35 783 48z a&.0 1,317 Bo.o 1295 916
Missing® 21 NC 36 NC 22 NC 28 N

In-hospital death 181 19.0 27 87 195 12.6 92 73

Discharged alive Th 78.2 242 775 1.286 83.0 1,082 85.0
5till in hospital/transferred 27 2.8 43 13.8 L] 4.4 85 6.8
Missing® 135 NC 226 NC 119 NC 183 NC

Study site and country”

Belgium 87 | .0 68 12.6 115 | 6.9 | 88 6.1
Czechia Ml NI

Spain 236 217 110 20.5 kil 22.7 L0 277
France 39 3.6 14 2.6 197 11.8 136 0.4
Germarmy NI L1}

Greeca NI L1}

Croatia 579 [ 533 | 74 [ 138 433 259 32 6.4
Ireland NI 75 5.5 53 A7

Lithuania 24 | 2.2 | & | 1.1 4 2.0 22 1.5
Luxembourg NI NI

Malta L o5 57 225 15.6
Navarra, Spain 7 1.4 85 15.8 42 2.5 104 7.5
the Netherlands 85 78 181 33.5 77 4.6 145 10.3
Portugal Nl 222 13.3 168 1.7
Romania Ml NI

All sites 1.087 | 100 | 538 100 1.66g | 100 | 1,542 100

ICU: intensive care unit; I-MOVE: Influenza — Monitoring Vaccine Effectiveness in Europe; NA: not applicable: NC: not calculated; Ni: no data
included; PSV: primary series vaccination; SARS-Col-z2: severe acute respiratory syndrome coronavirus z: VEBIS: Vaccine Effectiveness,
Burden and Impact Studies.

* Missing totals not included in percentages.

! Eiih'. sites submitting data during the Alpha and five during the Delta period did not have sufficient eligible SAR| patients for inclusion in
these analyses (this table gives final numbers by site, after exclusions).

Delta period (21 June-25 December 2021) Vaccination rollout continued as cases and controls
were selected (Figure 3).
Descriptive analysis

Ten sites submitted data eligible for inclusion in this Of the 508 completely vaccinated cases, 301 (65%) had
period (Table z). After applying the study and analysis received an mRNA vaccine product (371 Comirnaty and
exclusion criteria (Figure 2), we included 1,669 cases 20 Spikevax), 135 had received Vaxzevria (23%) and
and 1,442 controls. Most cases (n= 1,339; 80%) were 72 (12%) had received JCovden. Among the 1,043 com-
aged«8o years, while 989 controls (69%) were in pletely vaccinated controls, 838 (80%) had received an
this age group (Table 1). Fifty-nine per cent of cases mRNA product (759 Comirnaty and 79 Spikevax), 153
(n=984) and 57% of controls (n=815) were male. (15%) had received Vaxzevria and 47 (5%) had received
Forty-four per cent of cases (n=740) and 69% of con- JCovden (Table z).
trols (n=993) had one or more of the four commonly
collected chronic conditions. A higher proportion of cases than controls were admit-
ted to ICU or died in hospital {(20% vs 8% and 13%
There were 35 (2%) partially and 508 (36%) completely vs 7%; Table z). Most cases (n=1,005; 66%) were
vaccinated cases, 68 (5%) partially and 1,053 (72%) swabbed in weeks 28-39, while most controls (n=8gs5;
completely vaccinated controls (Table z). Ten cases 62%) were swabbed inweeks 38-49 (Figure 3).

(195) and g7 controls (7%) had received a first booster.

urosunvelllance.org
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FIGURE 3

Number of SARI patients by case status and week of COVID-19 vaccination (second and booster doses) or swab, I-MOVE-
COVID-19 and VEBIS hospital vaccine effectiveness studies, Europe, 2021 (n=4,736)
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I-MOVE: Influenza — Monitoring Vaccine Effectiveness in Europe; SARI: severe acute respiratory infection; SARS-CoV-2: severe acute
respiratory syndrome coronavirus z; VEBIS: Vaccine Effectiveness, Burden and Impact Studies.

Vaccine effectiveness estimates

Analysis 3 Vaccine effectiveness in patients = 20 years and eligible for a
booster dose

The VE for complete PSV alone (all products combined)
was 52% (95% Cl: 18—71); 91% (95% Cl: 57—98) in those
with complete PSV and an mRMNA booster dose. For
Comirnaty, these estimates were 54% (95% Cl: 18-74)
and 1% (g95% Cl: 57-98), respectively. Insufficient
sample size prevented estimation of VE for other vac-
cine products (Table 3). The VE in sensitivity analysis
(severe outcomes) was 32 percentage points higher for
complete PSV; small sample size precluded sensitivity
analysis for those with booster dose. Excluding those
with known prior infection gave VE within 4 percent-
age points of this main analysis for those with booster;
complete sensitivity analysis data are accessible
in Supplementary Table 51.

Analysis 3: Vaccine effectiveness for complete primary series vaccination only,
for those in different vaccination target growps

For SAR| patients in Group C (PSV target group), com-
plete PSV VEwas 79% (25% Cl: 75-83) for all products
combined and 82% (g5% Cl: 77—-86) for Comirnaty. For
Group D (patients in BDTG), complete PSV was 69%
(95% Cl: 51-Bo) for all products and 75% (o5% Cl:
57—84) for Comirnaty. Sample size was small and con-
fidence intervals wide for other products, particularly
for stratified estimates (Table 3).

Analysis 4: Vaccine effectiveness by lime since vaccimation for those in a
boosier dose target group

There was insufficient sample size to estimate VE for
complete PSV only in those with onset<éo days since
vaccination, and in those who had received a first

www.eurosurvelllance.org

mRNA booster dose for any periodz 120 days since last
booster dose.

For complete PSV without booster, among those who
received their last PSV dose 6o-119 andz120 days
before onset, VE was 79% (95% Cl: 57—g0) and 66%
(95% Cl: 45—78), respectively. The VE in this group was
highest in those receiving their last PS5V dose 15-8g
days before onset, at 93% (95% Cl: 77-98). For those
with onset between 9o and 1o days after their last
PSV dose, VE remained at or above 70%, but dropped
to 33% (95% Cl: —27 to 64) in those with last PSV
dosez1Bo days before onset. Among those with a first
mRNA booster, VE was g2% (g5% Cl: 67—98) if the
booster dose was received 14-50 days before onset
and remained? g0% up to 119 days. The VE in sensitivity
analysis (severe outcomes) was 11 percentage points
higher for complete PSV among those vaccinatedz 15
days before onset; the full sensitivity analysis is acces-
sible in Supplementary Table 51.

Amalysis 5: Vaccime effectivensss for complete primary series vaccination for
those aged = 20 years in a booster dose target group (but without booster dose)

with last primary series vaccination dose< 150 days before onset

Complete PSV VE was 76% (95% Cl: 57—87). Age strati-
fication showed the highest VE in the youngest age

group (zo-5g years), at 92% (95% Cl: 75—08) (Table 3).

Discussion

In our study, during the Alpha period, Comirnaty VE
against COVID-19 hospitalisation in adults aged=20
yearswas higher for complete PSV (86%) than for partial
vaccination (43%). During Delta-dominant circulation,
for SARI patients with their last PSV or mRNA booster
dose at least 150 days before onset, VE for complete
PSV was 52%, rising to 91% on addition of the mRMNA
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TABLE 34

Effectiveness of COVID-19 partial and complete primary series vaccination against hospitalisation among adults (= 20
years) with complete primary vaccination, by dose, age group and vaccine product, I-MOVE
vaccine effectiveness studies, Europe, Alpha and Delta periods March-December 2021 {n=4,736)

PSV vaccine product

Vaorinaedy unvaccinated cases;

vaccinated jumvaccinated controls

Analysls 1: VE of parilal and complete PSV, Alpha period (M arch—June 2023; n=1,625)

COVID-19 and VEBIS hospital

VE [95% )

Partlal PSV Complete PS5V Partlal P5V | Comiplete PSV
All products combined 7 sltes; n=1,523° 7 shtes®; n=1.465"
Allx 20 years 62/1,013; 04/354 12/1,013; 00/ 354 £3 {13 10 63) | 86 (7110 93)
Comimaty PSV 7 sltes®; n=1,463 & sltes’; n=1,434
Alle 20 years 33/1.013:; 63/354 12/901; 82/ 349 45 (B0 &) | AL (6 10 §2)
Vaxzewria PSV 6 slites®; n=1,356 oshtestn=0
Alle 20 275 10 43 MA 31 [—46 @ &7} | N

Analysls 2: VE In patients eligitile for 3 booster dose. Group A: those wha recelved complets
Group B: those who recelved PSV plus an mRNA boosier dose adminlstered= 150 days after last PSV dose. Delia perlod (I

PSV anly, With Las1 PSV 0058 sdministeradz 150 day's helore onser

une-December 2021; n= 3,111}

Complete PSW Complete PSV+mANA Complete PSV Complete PSV #
boastr (Group B) MAKA booster (Group

{Group A} (Group &) 2]
Al products combined 7 sltest; n=g24" 2 sltes'; n= 88/
Allz 20 years 103/102; 26851 4/30: 21/24 L2 (8 071 | g1 (57 10 gEY
Comimaty PSV 4 sltes®; n= 435 2 shtes’; n=g8
Allx 20 years 80/78: 233047 4130; 2024 54 018 to 74) | 01 (57 10 gE)
Vaxzewria PSV 2 sltes’; n=107 o sles™
Allz 20 years 6765: 2/38 WD (TS | A
|Covden PSV 3 SIES; n= 141 o slese
Allz 20 years 5/0z; 6138 ND [Th [ A
Splkeyax PSV 2 sltes™; n=112 o slies™
Allz 20 years /65 0/34 ND ND* | N

BDTG: booster dos et group; C
not dane; PSTG: primary series

* Ddids ratio adjusted by study site as a fived effect, time (restricted cubic spline of swab date, or swab month as a categosical term, depending on medel), 2g= o
group (linear or categorical term depending on model), sex, and presence of at least one of four chronic conditions (asthma, dizbetes, heart disease, lung dis=

® Seven study sites: Belgium, Creatia, France, Lithuania, Nawarra, the Netherdands and Spain.

CU: intensive care wnit; |-MOVE
primary seriesvaccination; VE: v

523 after dropping 1oz records from patients with compplete vaccination.

" n=1,4€9 after dropping 156 reconds from patients with partial waccination.

* Six study sites:

! None of the participating siteswith patients

Belgium, Croatia, France, Nawarra, the Netherlands and Spain.

! Sewen study sites: Belgium, France, Malta, Nawarra, the Netherlands, Portugal and Spain.

* n=g52y after dropping 2,195 records from patients whe were not yet in the target group for bocster dose waccination, 211 from those vacrinated (150 days before onset,
from these with a booster dose, 213 from patients with partial waccination, and 5g from sites with fewer than five 5 cases/contrels (o 2 total of cases and controds:z

"Two study sites: Belgium and Spain.

In=E48 after dropping 2,195 records from p

waccination without boaster, 11 from siteswith Fewer than five

nts whe were not yet i

! Sin study sites: France, Malta, Mavarra, the Netherlands, Portugal and Spain.

'Two study sites: France and Spain.

= None of the participating sites recruited patients whe had received a boester dose after hawing a comp

nirols [or a total of ca

arget group for booster dose vaccination, 534 from those with partial v
F == and controls: o) and o from one site with no

" Numbers are too small to provide rebust VE estimates when there ares zovacrinated cases and controls in total.

10

ness in Eurcpe: MA: not appl
ness, Burden and Impact Studi

eiving complete waccination had wsed Vax rewria during the Alpha-dominant pericd.

tion ar complete
nated cases.

primary course of Vaxzevria, flowden or Spikevax.
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TABLE 3B

Effectiveness of COVID-19 partial and complete primary series vaccination against hospitalisation among adults (=20
years) with complete primary vaccination, by dose, age group and vaccine product, [-MOVE-COVID-19 and VEBIS hospital
vaccine effectiveness studies, Europe, Alpha and Delta periods March-December 2021 (n=4,736)

Vaccinaredfunvaccinated casas;

PSV vaccine product VE* (gg% CI)
VarCinared fumvaccinated contoks

Amalysis 3:VE In patients vaccinarede 14 0ays before pnser fof those with PSV only, for those In the PSTE (Group C) and those In the BOTG (Group 0); Deia
period (Jume-December 2021; n=3,111)

Complete PSV, Complete PSV, Complete PSY. | o mplere PV,

In PSTG (Group C) In BDTG iGroup D) {ll;r::;rg, In EDTG {Group DF

Al products combined 10 sItes®; n=2 901 7 shtest; n=735°
Allz 20 years GBS 1,026 1043234 168 1102; £14/51 7o IF4 1083 &9 (51 10 &0)
20-Eg yEars 124/5C8; 223/92 20/ 4E; 57114 86 (B0 10 01) 86 (62 10 §5)
G0-FQ yEars 271/350; £79/92 H7/41; 1032 80 (72 1 85) 71 (44 10 BL)
rEQyears 203/118; 34100 60/16; 16413 38 -4 0 62) 40 (—64 W 7E)
Mo chronic conditlon’ ZOQT01; ZEE/107 IN4E; TR B (B0 10 o) 79 (&7 10 g1)
ARy chronic conditlon” 38q/ 325; 757127 129/54; 336/38 71 (61 10 7E) 65 (yow7e
Comimaty PSY 10 sItes=; i=2,390 7 Sitess; A=g60
All= 20 years I71/1,026; TEO/TT4 96/ 102; F11/51 82 (77 10 B6) 74 (57 0 Bg)
20-5Q years 57/558; 140092 9/45: 36114 gLiBE g4 92 (731098
E0-7Q years 140/ 350; 310/92 38/40; 127/24 82 (74 10 88) 79 (54 1090
» BDyEars 17 §/118; 304/50 40/16; 180113 40 (1110 71) L6 [~ 3110 8L)
Mo chrenic condition’ I7le6a;: 16/98 43 207 55 (7 to78) ND®
Any chronic condition” 263/325; 565/127 81/54; 256/38 74 (64 to B1) 69 (46 to 82)
Vaxzevria PS5V 10 sites® n=1.548 3 sites®; n= 203
Alle 2o years 135/1,026; 153/ 234 36/92; 37/38 60 (57 to 78) 50 (-4 ta 75)
20— 5 YEArs 31/558; 20/92 4/44: 212 59 (18 to 79) ND*
G079 years #g/300; 11892 26/36; 34118 B1 (69 10 BE) 63 (1010 85)
rEQyears 19/118; &0 6/12; 178 11§-183 10 72) ND”
No chronlc conditlon’ LO/F0L; 53107 12143 W7 70 {65 10 88) & (—15 10 9&)
Amy chronic condizion’ 85/325; 100/127 24/45; 231 &3 (43 0 76) IF-IBWTH
JCowden PSY B sltes; N=1,305 3 sites"; n=162
All= 20 years GE/OT6; 47221 16/92; 16/38 6037 W75 60 i1 10 Eg)
20-E5 years I0/525; 26/ By Glgg: 7rz 79 (5B 10 9m
G079 Years 30/335: 15188 &/ 36; 6/18 21 (76 10 6L} -
» BD yEars ./ 16; TiaD 1z 38 MD*
Mo chronic conditlion’ F/661; 1608 643 27 L (7 10 THE)
Amy chrenic condilen’ 28/315; 311123 10/ 49 1431 60 (26 10 78) 64 [-4 10 &F)
Splkeyax PSV g sies™; n=1.117

ess in Eurcpe: NA: not appl
ness, Burden and Impact 5

onfidence interval; ICU: int=nsive care wnit; 1-MOVE: Influ

BEDTG: booster dos= target grou|
et group: PSV: primary series vaccination: VE: vaccine eff

not done; PSTG: primary ser

? Ddds ratic adjusted by study site as a fixed effect, time (restricted cubic spline of swab date, or swab month as a categorical term, depending en model), age er syear age
group (linear or categ :rl:a{t:rm depending on model), sex, and presence of at least one of four chronic conditions (asthma, diabetes, heart disease, lung dis=ase).

e Sewen study sites: Belgium, France, Malta, Nawarra, the Netherlands, Pertugal and Spain.

" Numbers ane too small to prowide rebust VE estimates when there ares zo vaccinated cases and controls in tetal.
* Ten study sites: Belgium, Croatia, France, Ireland, Lithuania, Malta, Navarra, the Netherlands, Pertugal and Spain.

P n=2z,go1 after dropping 107 from those with a bocster dose and 103 from those with partial vaccination cnly.

1 dropping 2,295 records from patients who were notyet in the target group for booster dose waccination, 101 from those with a booster dose, 21 from patients
waccination, and 55 from siteswith fewer than five cases or contrels (or a total of cases and contrelsczol.

'In this anabysis stratified by chronic condition, the adjustment for presence of at least one chronic condition was removed.

" Three study sites: Belgium, France and Spain.

' Eight study sites- Belgium, Croatia, France, Malta, Nawarra, the Netherdands, Portugal and Spain.

® Fiwe study sites: Croatia, France, the Netherlands, Portugal and Spain.

" One study site: Spain.
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TABLE 3C

Effectiveness of COVID-19 partial and complete primary series vaccination against hospitalisation among adults (=20
years) with complete primary vaccination, by dose, age group and vaccine product, I-MOVE-COVID-19 and VEBIS hospital
vaccine effectiveness studies, Europe, Alpha and Delta periods March-December 2021 {n=4,736)

Vaccinaiedy unvaccinated cases;

PSV vaccing product VE* (g5 00}
vaccimared fumvaccinated concroks

Allx 20 years 20/ Byg; 61187 B (E110 9g)

20-5g years 3/§390: 71/60 o7 (0 10 oGl

&0-7 yEars 12/306; 28 /80 - &2 {60 W07 -

= BOyEars /104 12147 ND*

No chronic condition’ B{ga6; 10175 044 (84 10 DE)

Any chrenic condien' 12/283; 42112 83 [64 10 92)

Analysls 4 Time-since-v accinatlon analysis. VE In patlents vaccinatede 14 days before onserw ho are In a BOTG, with complete PSV and those with complete
PSV plus mANA booster. Detra period (June-December 2024; N=13,111)

Complete PSV anly cnme;:mmm m-l:,l;e PSV cnmﬁmmm

All products combined 7 sltest; n=735° 3 shtes*; n=168

Allz 20 years 168{102; §14/51 &792; 3438 60 (52 10 B0) | Q94 (77 w0 &)
Time since [ast dase (days)

14-29 0/ 102; 6/51 192; 16/38 MD* ND*
J0-5g 1/10; 751 3i92; 12/38 MD® ND®
26D 167/102; §01/51 ofgz; 638 &6 (50 10 Bo) ND*
14-50 1/102; 13/51 4/92: 2636 MD* Q2 (67 10 Q&)
60-110 27/103; 5551 0/g2; 638 78 (55 10 ga) ND*
=120 150/102; 346/51 0/p2; 0f 38 &6 (45 10 7E) HD"
14-Bg 6/102; 3551 4/92:33/38 93 (76 10 g8 93 (7510 98)
go-119 22/102; 33/51 ofgz; 1138 73 (37 w0 BE) HD"
14-119 28/10%; GE/E1 &/92: 34138 81 (62 10 01) Qi (76 10 0E)
120143 37/102; 7E/51 0/g2; 0f 38 773 (48 10 BE) ND*
1LO-179 J04102; 10251 0/g2; 038 70 (43 10 8L} ND*
=180 73/10%; 166/51 0/g2; 038 26 44 10 61) ND*

Analysls 5: VE of complete PSV among patlents without boosier dose but In BOTG and vaccinated 14-150 days before onser; Delia perlod (June-December 2021;
n=3,111)

Al products combined Three sitess; n=308*

Alle20 £3/g2: 125/38 76 (57 10 87}

20-5g years W4 4of1z2 92 (F5 10 g&)

&0-7Q yEars 34/36: 7318 FO (3110 87)

B0 Yyears 10/12; 12/8 HD*

No chronic conditions 17143: 2T 77 (24 10 93

Amy chronic condition' I6/40; 104/31 76 (G4 t0 BE)

BOTG: booster dos= target group; C1: confidence interval; I0U: intensive care wnit; 1-M0 nfluenza - Monit ess in Eurcpe; NA: not applic
not done; PSTG: primary series target group; PSV: primary series waccination; VE: = eff en A ness, Burden and Impact Studi

2 Odds ratio adjusted by study site as a fimed effect, time [restricted cubic spline of swab date, or swab month as a categorical term, depending on model), age or s+pear age
growp (linear or categorical term depending on model), sex, and presence of at least ene of four chronic conditions (asthma, diabetes, heart disease, lung disease).

* Numbers are too small to prowide robust VE estimates when there ares zovaccinated cases and controls in total.

1 dosewaccination, 101 from these with a booster dose, 21 from patients
= and contredscaoll

" In this anabysis stratified by chronic conditien, the adjustment for presence of at least one chronic condition was removed.
* Three study s Belgium, France and Spain.

ot possible with just one site.

coads from patients who were not yet in the target group for booster dose vaccination, 371 from those whowere vaccinatedz 150 days before
wier than fiwe cases/contrals (or 2 total of cases and controlsa o), vou from patients with a booster dose, and 21 fraom thase with partial

¥ Ewidence of small sample bias so0VE estimate not shown.
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booster dose. For those having mRNA booster dose
administered within 120 days before onset of symp-
toms, VE was at least go%. Sample size precluded any
booster dose VE estimates after this time.

Looking at time since vaccination for those with com-
plete PSV only, VE was 93% for those with last dose
within go days of onset, at least 70% for those with
last dose go-179 days before onset, and 25% for those
with their last dosez 180 days before onset. This may
indicate that the most important criterion for effective-
ness is the time which has elapsed since receipt of last
dose of any vaccine, regardless of number of doses
(we observed a VE of 93% in those with complete PSV
alone and in those with mRNA booster, when last dose
was received 14-8g days before onset). However,
in the longer period 14-110 days from last dose to
onset, we observed higher VE in those with booster
dose (94% vs 81%). More analyses with greater sam-
ple size need to be carried out to investigate this fur-
ther. Importantly, we observed during the Delta period
that VE in patients<Bo years remained over 6o% in
those without a booster dose 150 days from their last
PS5V dose, and was over 5o% in the oldest age group,
with the median time since vaccination being consid-
erably shorter in the younger vs the older age groups
(176 vs 195 days, respectively). In addition, albeit with
overlapping confidence intervals, we observed a ca 40
percentage point greater VE in those with chronic con-
ditions in a BDOTG on receipt of a booster dose.

Qur study had some important limitations. We sought
to mitigate the heterogeneity inherent in a multi-coun-
try observational study by the common use of a generic
protocol in all sites and the adjustment of VE estimates
by site. In addition, the test-negative design should
reduce heterogeneity between study sites; conducted
in a hospital setting, this design should limit the pres-
ence of any healthcare-seeking bias.

The ECDC case definition for possible COVID-1g
patients [13] was developed to respond to the broader
symptom range of COVID-10 and includes a wider range
of symptoms than those used in the World Health
Organization SAR| case definition [16]. Using this more
sensitive SARI case definition could have resulted in
the inclusion of more patients hospitalised with, rather
than because of, COVID-19; i.e. potentially vaccinated
patients with milder COVID-19, hospitalised for another
cause. This concern was highlighted during circulation
of the milder Omicron variant [17,18]; itwould resultin a
higher proportion of included vaccinated cases, under-
estimating the VE. In sensitivity analyses using more
specific severe outcomes (ICU admission or death), we
found considerably higher VE in those with complete
PS5V during the Delta, but not during the Alpha period.

Prior SARS-CoV-2 infection can provide some immunity
to unvaccinated SARI patients. In some participating
countries in our study (e.g. France, Spain), known prior
infection resulted in a delay of the next scheduled dose.

wiww.eunosurvelllance.org

In other countries, some individuals may also have
delayed vaccination if they had a known infection. This
could result in milder disease in unvaccinated cases
being discovered when a SAR| patient is hospitalised
with (not because of) COVID-19, as described above.
In sensitivity analyses estimating VE after excluding
those with prior infection, we found almost identical
VE estimates, whether for partial and complete PSY
(Alpha) or those with and without booster (Delta),
although this information was missing in almost one-
third of patients (data not shown).

Earlier in 2021, the SARS-CoV-z Alpha wvariant was
dominant in Europe, superseded by the Delta variant
during the summer months. In participating countries,
vaccine rollout was initially limited to vulnerable popu-
lations [19] (e.g. older adults, those in long-term care
or those with co-morbidities; for a list of target groups
for primary course and first booster dose vaccination
by participating countries, see Supplementary Tables
53 and 54) with more susceptibility to COVID-19. In
particular, the Alpha-dominant circulating period coin-
cided with the early phase of the vaccine roll-out in the
EU/EEA. This was based on an age-staggered approach
that pricritised older adults and those at risk of severe
outcome, as well as healthcare workers. Therefore,
recruitment of study participants in this period would
have mainly been among those initial target groups,
and we could not provide VE estimates in all age groups
during the Alpha-dominant period. Similarly, estimates
could only be calculated for partial PSV for one other
product than Comirnaty (Vaxzevria), while complete
PSV VE could only be provided for Comirnaty, as this
was the main COVID-19 vaccine product distributed in
the EUfEEA at this time [20].

Despite these limitations, our all-product, complete
PSV VE against COVID-19 hospitalisation in those aged
at least 2o years during the Alpha-dominant period
(86%; o5% Cl: 71—93) was similar to or slightly lower
than some other published estimates. For example,
studies in those aged=18 years showed VE of 87%
(95% Cl: 82—91) in the United States (US) [z1] and 93%
(95% Cl: Bg—96) in a systematic review [2z]. Other
studies in Canada, the United Kingdom (UK}, Israel
and Denmark have shown somewhat higher estimates
during this period [23-26)]. Comparisons across studies
should bear in mind differences in study design, mini-
mal hospitalisation time, age groups (216 orz18 years
vs ourz zo years), potentially different severity criteria,
and pooling of results for different severe outcomes
(e.g. combining hospitalisation and death).

Similar to our findings, other studies have reported
Comirnaty VE estimates for partial PSV to be lower than
for complete PSV, and VE in the oldest age group to be
lower than in younger age groups [25,27,28] during the
Alpha period.

Qur PSV VE estimates during the Delta-dominant circu-
lating period (from 52% to 79% overall) were slightly
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lower than those published elsewhere (by product,
overall and by age group). For example, other stud-
ies have reported PSV VE estimates against COVID-19
hospitalisation of 67-g99% (Norway; combined vac-
cine products; cohort study [20]), 74—84% (Hungary;
Comirnaty, Spikevax and Vaxzevria; cohort study [30]),
75-80% (US; Comirnaty; cohort study [31]),205%
(Canada; Comirnaty, Spikevax and Vaxzevria; test-
negative design [32]) andz206% (UK; Comirnaty; test-
negative design [24,26]). This could be due to our
moare sensitive SARI case definition, described above,
as well as variations in time since vaccination between
studies.

It is well documented that the VE against COVID-15 hos-
pitalisation, including groups at higher risk for severe
disease, declines with increasing time since vaccina-
tion [29,33-35], particularly in older adults [34,35]
A systematic review indicated that, as in our study,
other studies had only small {g—10 percentage points)
changes in VE<180 days from last primary series dose,
with VE remainingz70% up to this time [35). The tem-
poral evolution of VE varies by age, vaccine product,
circulating virus variant and region. This highlights
the importance of multi-country studies using a simi-
lar generic protocol in an attempt to standardise the
methodological approach and provide robust pooled
results.

Conclusions

Qur results from an EU multi-country hospital setting
add to the evidence already available from other set-
tings. Our study indicates that the VE point estimate of
complete PSV was higher during the period of Alpha-
than during Delta-dominant circulation (overall and
for those vaccinated 14—8g days since last PSV dose),
and that addition of a first booster dose during Delta-
dominant circulation increased VE to over go%. Finally,
during the Delta-dominant period, we observed declin-
ing effectiveness over time, likely due to waning immu-
nity. Despite this, VE was 93% 14-8g days after the
last booster or PSV dose and remained 7o0% or greater
go-179 days from last PS5V dose (in those without
booster).
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Vaccine effectiveness against COVID-19 hospitalisation in adults (> 20 years) during Omi-
cron-dominant circulation: I-MOVE-COVID-19 and VEBIS SARI VE networks, Europe,
2021 to 2022. Euro Surveill. 2023 Nov;28(47):2300187. doi: 10.2807/1560-
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Summary

Purpose:

The aim of this study was to estimate the effectiveness of COVID-19 vaccines in preventing
hospitalisation among adults during the Omicron-dominant period in Europe. The study also
aimed to assess the impact of booster doses and to provide real-world evidence to guide
vaccination strategies during a phase characterised by immune escape and high transmis-
sion.

Methodology:

The study was conducted using a multicentre, multinational test-negative case-control de-
sign within the I-MOVE-COVID-19 and VEBIS hospital networks, including 46 hospitals
across 13 European countries. Adults hospitalised with severe acute respiratory infection
(SARI) were systematically tested for SARS-CoV-2, with PCR-positive patients classified
as cases and PCR-negative patients as controls; vaccine effectiveness was estimated using
adjusted logistic regression models accounting for confounders such as age, comorbidities,
site, and calendar time.

Results:

The analysis included several thousand hospitalised patients and demonstrated that COVID-
19 vaccines continued to provide protection against severe disease during the Omicron pe-
riod, although effectiveness was lower compared to earlier variants. Booster doses
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significantly improved protection, particularly in older adults and high-risk populations,
highlighting the importance of additional vaccine doses in maintaining immunity.

Conclusion:

The study confirms that COVID-19 vaccination, especially with booster doses, remains ef-
fective in reducing hospitalisation risk during Omicron-dominant circulation despite re-
duced effectiveness compared to previous variants. It also demonstrates the strength of har-
monised European surveillance networks and the test-negative design as a robust methodo-
logical framework for generating timely, policy-relevant real-world evidence in NCCTs.
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Introduction: The |-MOVE-COVID-19 and VEBIS nospi-
tal networks have been measuring COVID-19 vaccing
effectiveness (VE) in participating European countries
since garly 2021. Alm: We aimed to measure VE against
PCR-confirmed SARS-Co¥-2 in patients z 20 years hos-
pitalised with severe acube respiratory infection (SARI)
from December 2021 to July 2022 (Omicron-dominant
period). Methods: In both networks, §6 hospitals (13
countries) follow a similar test-negative case—control
protocol. We defined complebe primary series vaccina-
tion (PSV) and first booster dose vaccination as last
dose of either vaccine received :14 days before symp-
tom onset (stratifying first booster into receiveds< 150
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and=150 days arter last PSY 00se). We measured YE
overall, by vaccine category/product, age group and
time since first mRMA booster dose, adjusting by site
as a fixed effect, and by swab date, age, sex, and
presence/absence of at least one commonty collected
chronic condition. Results: We included 2,779 cases
and 2,362 controls. The VE of all vaccine products com-
bined against hospitalisation for Laboratory-confirmed
SARS-CoV-2 was 43% (95% Cl: 29-54) Tor complete
PSV (with last dose receivedz 150 days before onset),
while it was 59% (95% Cl: 51-&6) after addition of one
DoOoSter dose. The YE was 85% (95% Cl: 78—8g). 70%
(95% CI: 61-77) and 36% (95% Cl: i7—51) for those with
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KEY PUBLIC HEALTH MESSAGE

What did you want to address In this study?

In order to understand how well the COVID-1g vaccine is performing in Europe against hospitalisation during
the period when the SARS-CoV-z Omicron variant was circulating, we investigated vaccine effectiveness
using data from a multi-country study of complete and booster-dose COVID-19 vaccination among adults
aged zoyears and over.

What have we learnt from this study?

Between December 2021 and July 2022, vaccine effectiveness against hospitalisation with laboratory-
confirmed SARS-CoV-z was 43% for complete vaccination. With addition of an mRNA booster dose,
effectiveness was 59% overall. It was higher when onset of illness was close to the date of the last
vaccination, at 85% when last booster dose was 14-59 days before onset, at yo% for 60-119 days, and
falling below 40% for 120-179 days.

What are the implications of your findings for public health?
In European hospital settings in 2022, during the Omicron period, COVID-15 mENA booster vaccine provided
an improved benefit for preventing hospitalisation, particularly if disease onset was within § months of

receiving the booster dose.

—\_

onset 14-59 days, 60—110 days and 120-179 days
after booster vaccination, respectively. Concluslons:
Our results suggest that, during the Omicron period,
observed VE against SARI hospitalisation improved
with first mRNA booster dose, particularly for those
having symptom onset<i2o days after first booster
dose.

Introduction

Safe and effective COVID-19 vaccines were a powerful
tool for the control of the COVID-10 pandemic, along
with non-pharmaceutical interventions to reduce trans-
mission of severe acute respiratory syndrome coronawvi-
rus 2 (SARS-CoV-z). By the end of 2021 in the European
Union (EU)/Eurcpean Economic Area (EEA), one subunit
and four spike protein-based COVID-19 vaccines had
a conditional marketing authorisation for use [1]: the
mRNA vaccines Comirnaty (BNT162bz; Pfizer-BioNTech)
and Spikevax (mRMA-1273; Moderna), the adenoviral
vector vaccines Vaxzevria (AZDi1222; AstralZeneca)
and Jcovden (Ad26.C0V 2.5; Johnson & Johnson), and
Muvaxowid (NVX-CoV2373; Novavax), a subunit vac-
cine. All vaccines deployed in the early phase of the EU
vaccination campaign were reported to be highly effi-
cacious in randomised clinical trials [2-g]. The effec-
tiveness of complete primary series vaccination (P5V)
in real-life, post-authorisation studies was high [5-8].
Hospitalisation rates in patients = 8o years in the EU/
EEA declined by between 46% and 78% (depending on
the level of the country’s vaccine uptake) after vaccine
deployment [g], which also averted» 450,000 deaths in
those aged 6o years and over [10].

Since the beginning of its circulation, SARS-CoV-2 has
been evolving, with new variants emerging. The initial
real-life effectiveness studies were performed in 2021
during the circulation of the Alpha and Delta variants of

concern. The emergence of the Omicron variant late in
2021 emphasised the indication of a first booster dose
[11,12]. The rationale behind this was from evidence of
waning of neutralising vaccine antibodies, which could
cause a loss of protection against SARS-CoV-2 [13,15],
shown by a decline in vaccine effectiveness (VE) over
time against infection and hospitalisation [15,16].
Although the objective of PSV was to prevent or reduce
the occurrence of all COVID-19 outcomes [5,17,18],
the administration of a booster dose aimed to restore
the protection against severe outcomes conferred by
primary vaccination at time of Delta predominance
[1g]. By December zo21, all EUfEEA countries recom-
mended a booster dose after complete PSV of author-
ised vaccines for adults [20], with many recommending
a delay of 150-180 days between last PSV dose and
booster [21]. Priority groups for the administration of
a booster dose included individuals at risk of severe
COVID-19 outcomes based on presence of underlying
medical condition or age with an age-based staggered
approach from older to younger age groups. By 30 June
2022, the vaccination coverage rates for first booster
dose had reached 83% inz 8o-year-olds compared with
39% in 18—-24-year-olds in the EU/EEA countries [22].

Monitoring of VE against specific sub-lineages is vital
to inform public health guidance for COVID-19 vacci-
nation. In Europe, multicentre hospital-based studies
have been implemented to monitor VE over time [23].
We aimed to estimate COVID-19 VE using pooled data
from the Vaccine Effectiveness, Burden and Impact
(VEBIS) hospital severe acute respiratory infection
(SARI) VE network [24] and the I-MOVE-COVID-19 net-
waork [25]. At the end of 2021, the SARS-CoV-2 Omicron
variant began to dominate in countries participating in
these networks.
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FIGURE 1

Countries and study sites participating in I-MOVE-COVID-19 and VEBIS hospital vaccine effectiveness studies, by

provision of data for this analysis, Europe, 2021-2022
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I-MOVE: Influenza — Monitering Vaccine Effectiveness in Europe; SARS-CaoV-z: severe acute respiratory syndrome coronavirus z; VEBIS:

Vaccine Effectiveness, Burden and Impact Studies.
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We aimed to estimate VE of complete PSV and first
booster dose against hospitalisation with PCR-
confirmed SARS-CoV-2 among patients agedz 2o years
with SAR| swabbed between 13 December 2021 and 31
July 2022 (Omicron-dominant period).

Methods

Setting

The two hospital networks (I-MOVE-COVID-19 and
ECDC VEBIS) include 48 hospitals across 16 sites in 15
countries {with two sites in Spain; Figure 1).

Study design and case definitions

Hospitals participating in both networks share simi-
lar generic protocols [24,25] and use the test-neg-
ative case—control design [26). Demographic and
clinical data and COVID-1o0 vaccination information

wWw.eurosurvelllance.org

were collected via guestionnaire, electronic medical
records or patient interview, depending on the site.
Study sites collected information on all, or a system-
atic sample of, hospitalised SARI patients (for details
see [27]).

We defined a SARI patient as an individual hospital-
ised forz 24 h with at least one symptom (fever, cough,
shortness of breath, sudden onset anosmia, ageu-
sia or dysgeusia) using the ECDC definition for a pos-
sible COVID-15 case [28). Cases were SARI patients
PCR-positive for SARS-CoV-2z within 48 h of admission
or in the 14 days before hospital admission. Controls
were SARI patients PCR-negative at or within 48 h of
admission. Controls with known SARS-CoV-2 infection
confirmed by PCR within 15 days of onset were re-
coded as cases. We used time of swab as a proxy for
start of Omicron and Omicron sub-lineage dominance,
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FIGURE 2

Exclusions, I-MOVE-COVID-19 and VEBIS hospital vaccine effectiveness studies, Europe, 2021-2022 (n=8,003)
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I-MOVE: Influenza - Monitoring Waccine Effectiveness in Europe; SARS-CoV-2: severe acute respiratory syndrome coronavirus z; VEBIS:

VWaccine Effectiveness, Burden and Impact Studies.

Included data are from 4o hospitals in 11 participating sites.

defined as the first day of the country-specific week in
whichz80% of all samples available in GISAID [29,30]
were identified as B.1.1.529 (or Omicron BA.1, BA.2
and BA.4/s), up to the end of the study period (31 July
2022).

Inclusion and exclusion criteria

We excluded patients with missing/erroneous key vari-
ables (age, sex, key dates, vaccination information).
We also excluded (i) patients not in each country's
age-specific booster dose target group (BDTG) at the
time of swab, (ii) those with non-homologous PSV (for
two-dose schedules; counting Comirnaty and Spikevax
as *homologous® as both are mENA vaccines) and (jii)
those with mRNA boostervaccination who had received
this dosetigo days after their last PSV dose. We did
not include in the analysis data from sites with fewer
than five casesfcontrols orfewer thanzo total cases
and controls.

Definitions of vaccination status

We defined complete PSV as two doses of a two-dose
vaccine schedule (or three for immunocompromised
individuals) or one dose of Jcovden, and booster vac-
cination as complete PSV plus first mENA booster
dose. Vaccination was considered valid only if vac-
cines were received=14 days before symptom onset
and with recommended delays between doses (those
vaccinatedt 1s days before symptom onset, and those
with non-recommended delays between doses were
excluded).

Statistical analysis

We compared the odds of vaccination between cases
and controls using logistic regression, calculating VE
as 1 minus the odds ratio (OR) of vaccination among
cases and controls (expressed as a percentage). We
included study site (as a fixed effect) and date of swab
(modelled as a spline or categorical variable, with the
best functional form designated by the Akaike informa-
tion criterion) in all VE analyses. We further adjusted
the OR by age (modelled as a spline, a linear term, or
as a categorical age group variable, with the best func-
tional form designated by the Akaike information cri-
terion), by sex and by presence of at least one of four
commaonly collected chronic conditions (asthma, diabe-
tes, heart disease, lung disease) or absence of all four.

We estimated absolute VE during the Omicron period
for complete PS5V only and for complete PS5V plus
first mRNA booster dose, vs no COVID-19 vaccination.
For complete PS5V analyses, we included vaccinated
patients in two main groups: those not yet eligible for
booster, having received their last PSY dosec<iso days
prior (Analyses 1-2), and those eligible for booster,
with last PSV dosez1so days before onset of symp-
toms (Analyses 3—5). The 150-day period was selected
as, in general, the recommendation in participating
countries was for booster to be administered 5 months
after last PSV dose.
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TABLE 1A

Characteristics of cases and controls, I-MOVE-COVID-19 and VEBIS vaccine effectiveness hospital networks, Europe,
Omicron period December 2021-July 2022 (n=5,141)

Patient characteristic SARS-CoV-2 cases (n=2z.779) Test negative controls (n=-2,362)
Number k3 Number %
Median age (years) 77 75
Age groups fyears)
20-59 {20 15.1 439 18.6
6o-79 L.L47 41.3 1,051 445
=Bo 1,212 43.6 87z 6.9
Sex
Male 1,592 573 1294 54.8
Female 1.187 H2.7 1,068 45.2
At least one chronic condition®
Ho Bas 3.2 589 24-9
Yes 1,884 a7.8 1773 751
Omicron sub-lineage periods®
Swab date 13 December 2021- 20 February 202z (BA.1) 1,067 8.5 50F 213
Swab date 7 March-z9 May 202z (BA.2) 55 19.9 755 320
Swab date 10 June-31 July zoz22 (BA.4/5) 399 4.4 207 B.8
Sub-lineage period undefined® 759 273 a7 k.0
COVID-19 vaccination status
Unvaccinated B7 & 1.6 353 14.9
Complete PSY anly 5032 18 95 16.7
Complete PSV +first booster only 1,389 50,0 1508 a7.7
Complete PSV +two boosters 10 0.4 16 0.7
Vaccine product among vaccinated: first dose
Comirnaty 1,480 779 1,508 751
Vaxzevria 200 10.5 256 12.7
Spikevax 158 83 185 9.2
lanssen G2 3.3 53 2.6
Other/unknown 1 0.1 7 0.3
Vaccine product among vaccinated: second dose
Comirnaty 1,482 Ho.6 1,497 76.5
Vaxzevria 200 10.9 256 13.1
Spikevax 156 8.5 196 10,0
Other/unknown 1 X} 7 0.4

ICU: intensive care unit; I-M OVE: Influenza — Monitoring Vaccine Effectiveness in Europe; 1QR: inter-quartile range; Nl: no data included; PSV:
primary series vaccination; SARS-CoV-2: severe acute respiratory syndrome coronavirus z; VEBIS: Vaccine Effectiveness, Burden and Impact
Studies.

* At least one of four commonly collected chronic conditions: asthma, diabetes, heart disease, lung disease.

® Omicron sub-l'lnea?e period defined using proxy dates in each study country to mark the week in which the proportion of samples sequenced
and reported to GISAID reached= Bo% for the start of the period. and the end of the week before the one in which < Bo% of samples
sequenced were from a particular sub-lineage (BA.1. BA.z and either BA. & or BA.5).

* Sub-lineage period undefined means all those SARI patients with onset dates that did not fall within any of the defined sub-lineage periods
above.
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TABLE 18

Characteristics of cases and controls, I-MOVE-COVID-19 and VEBIS vaccine effectiveness hospital networks, Europe,

Omicron period December 2021-July 2022 (n=5,141)

Patient characteristic

Humber

SARS-CoV-2 cases (n=2,779)

%

Number

Test negative controls (n=z.362)

%

Vaccine product among vaccinated: first booster dose

Comirnaty 1,096 783 1,155 7.6
Spikevax 299 214 546 7.6
Other/unkmown & 0.2 13 o8
Vaccine product among vaccinated: second booster dose

Comirnaty 8 8o.0 1z 75.0
Spikevax 2 20.0 3 18.8
Other/unkmown o 0.0 1 6.3
Study site and country®

Belgium 161 5.8 223 .4
Croatia 515 18.5 167 7l
Czechia HI

France 112 5.0 o1 1.9
Germany NI

Greece HI

Hungary HI

Ireland g6 3.5 109 &.6
Lithuania 23 o.8 59 2.1
Luxembourg HI

Malta 185 6.7 261 11.0
the Netherlands 104 1.7 166 7.0
Portugal 78 2.8 58 2.5
Romania 83 3.0 5 0.2
Spain (Mavarra) 111 &.0 By 3.6
Spain (11 regions) 1,311 &7-2 1,149 48.6
Days from vaccination {amy vaccine product) Median 10R Median I0R
T o anget atentswih P9y o ncluing hose s50-310
R e T e e
First booster dose to symptom onset 159 gf-208 127 81176
Last PSV dose to first booster dose® 2049 18g-231 206 188-229

ICU intensive care unit; I-MOVE: Influenza — Monitoring Vaccine Effectiveness in Europe: 1QR: inter-guartile range; MI: no data included; PSWV:
Eringry series vaccination; SARS-CoV-2: sever acute respiratory syndrome coronavirus 2; VEBIS: Vaccine Effectiveness, Burden and Impact

udies.

4 Three sites submitting data during the Omicron period did not have a sufficient number of eligible SARI patients for inclusion in these
analyses, and two sites did not submit data for this period (this table gives final numbers by site, after exclusions).

* Note that patients with booster dose <150 days from last PSV dose were excluded from analyses.
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FIGURE 3

Number of SARI patients by case status and week of COVID-19 vaccination or swab (complete primary series and booster
doses), by vaccine product, I-MOVE-COVID-19 and VEBIS hospital vaccine effectiveness studies, Europe, 2021-2022
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I-MOVE: Influenza — Monitoring Yaccine Effectiveness in Europe; SARI: severe acute respiratory infection: SARS-CoV-2: severe acute
respiratory syndrome coronavirus 2; VEBIS: Vaccine Effectiveness, Burden and Impact Studies.

In Analysis 1, we estimated VE for all products com-
bined in those who had received complete PSV only
with symptom onset ¢ 150 days of the last PSV dose.

In Analysis z, we estimated booster dose VE for those
with at least 150 days between last PSV dose and
booster dose. For comparison, we estimated VE in
those who had not received a booster dose, but who
had received their last PS5V doseziso days before
onset. We estimated VE overall, by age group and by
PSV product.

In Analysis 3, we estimated VE by time since vaccina-
tion for those receiving a first mRNA booster dose for
all ages combined, using the intervals 14-59, 6o-119,
120-179 andz120 days from receipt of the booster
(overall and by PS5V product). In Analysis 4 we also esti-
mated VE by time since vaccination, for the same peri-
ods as Analysis 3, but stratified into three age groups
(z0-59, 60-79 andz 8o years), for all PSV products
combined. In both of these analyses, we only included
vaccinated SARI patients for whom the delay between
last PSV dose and booster dose wasz 150 days.

In supplementary analyses, we estimated VE by time
since last PSV dose for each of three periods (14-59,
60—1190 and 1zo0-149 days). Further, we measured VE
for the periods of dominance of each of the Omicron
variant sub-lineages BA.1, BA.z and BA.s/5, overall
and by vaccine category/product, age group, presence

WWW.eurosurvelllance.org

of at least one chronic condition and time since booster
dose vaccination { 60 days, 6o-119 days,z120 days).

Sensitivity analyses

We performed sensitivity analyses (i) excluding all
SARI patients with known prior infection?1g days
before onset and (i) including those with severe out-
comes only (admission to an intensive care unit (ICU)
or in-hospital death). Where the number of cases or
controls per parameter was« 1o, we conducted sensitiv-
ity analysis using Firth's method of penalised logistic
regression (PLR) to assess small sample bias [31,32].
We do not show estimates with a difference between
the PLR and original VE estimate »10 percentage points.

Results

Descriptive analysis

After applying exclusion criteria (Figure 2), we included
2,779 cases and 2,362 controls aged= 20 years from go
of 48 European hospitals in 11 of 16 participating study
sites providing sufficient data (at least five cases and
controls) for the study period (Figure 1).

The highest proportion of cases by age group were
those=80 vyears (1,212; 44% vs 872 controls; 37%);
1,187 (43%) cases and 1,068 (45%) controls were
female; 1,884 (68%) cases and 1,773 (75%) controls
had at least one of the four listed chronic conditions
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TABLE 24

Effectiveness of COVID-19 complete primary series vaccination and booster vaccination against hospitalisation among
adults (z 20 years) by age group and vaccine product, I-MOVE-COVID-19 and VEBIS hospital vaccine effectiveness studies,

Europe, 13 December 2021-31 July 2022

PS5V vaccine product

(n="5,115")

Vaccinated/unvaccinated cases; Vaccinated/
umvaccinated controls

Anakysis 1: VE« 150 days from receipt of last PSV dose to symptom onset in those not eligible for booster dose

Any PSV vaccine product (eight sites®; n—1,245%

All 15-140 days

67/791: 48/339

51 (21 to o)

Analysis 2: VE in those eligible for first booster dose. Vaccinationz 150 days before symptom onset for patients with PSV only andz 150 days
between last PS5V and booster dose (for those with PSV + mRNA booster)

Complete PSV Complete PSV
Complete PSV only Complete PS5V only
plus mRNA booster plus mRNA booster

Amy PSY product 11 sites®; n=2.007' 10 sites®; n=3.876"
All= 20 530/B78; 356/353 1.249/811; 1467349 53 (29 to 54) | 59 (51 to 66)
Age group
20-59 103/479; 137/ 57 B3/165; 161/54 65 (46 ta77) 66 (47 to 7E)
fo-79 193/ 382; 143/155 460/349: 643/ 154 38 (13 to 56) 58 (45 to 68)
=Bo 134/ 317: 66/101 Fo6/297: 663/101 29 -7 to 53) 58 (42 to &g)

Chronic condition'

Mo

156/374: 121/119

292/346; 279 116

6o (g3tayz)

G4 (48 to75)

Yes 28y/504: 225/234 o57/a65: 1,188/233 32 (11 to 58) 56 (45 to 64)
Comirnaty PSY 10 sitest; n=1670 10 sitest; n=3.401

All= 2o z82/802; 240/346 1,079/ B11; 1,162/ 349 49 (34 to 6o) | 54 (45 t0 62)
Age group

20-59 79/165: 89/93 56/165: 101/94 58 (3310 73) 5% (34 to 74)
60-79 104342 98/153 37 L/349: £61/154 53 (29 to 68) 52 (3620 64)
=Bo 99/295; 53/100 652/297; foo/101 27 [-16 to 54) 54 (37 to 66)
Chrenic condition'

Mo g0/341; B2f114 248/346; 205/116 G4 (55 to 76) 6o (4110 72)
Yes 192/561; 158/232 B31/465: o57/233 34 (11 to 52) 52 (39 to 61)
Spikevax PSY Eight sites®; n=1,275 10 sitest; n=1,382

Alle zo 42/ Bs5: 34/ 354 g2/811; 130/349 50 (14 to 71} | 60 (44 to71)
Age group

20-59 7iga: 17im 12/165; 3194 76 (32 to 5z) 69 (32 to BE)
Go-79 25/370: 12/154 38/349: 52/154 23 (=77 to 66) 54 (Z1to 73)
EX:1] 10/311; 5/99 42/297; 47101 HC 58 (26 to 76)
Chronic condition'

Mo 14360 10/ 116 17/346; 29/116 G (5 to Ba) 75 (49 to BE)
Yes 28/405: 24/228 75 465; 100/233 39 [—17 to 68) 50 (27 to 8]
Vaxzevria PSV Nine sites); n=1,263 Nine sitesl; n=1,355

All= 2o 72/802; 43/386 Gof8oz; 147/ 346 30 (-10 to 56) | 69 (54 to 79)
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TABLE 28

Effectiveness of COVID-19 complete primary series vaccination and booster vaccination against hospitalisation among
adults (=20 years) by age group and vaccine product, I-MOVE-COVID-19 and VERIS hospital vaccine effectiveness studies,

Europe, 13 December 2021-31 July 2022 (n=5,115%)

Vaccinated/unvaccinated cases; Waccinated/

PS5V vaccine product e VE® (g5% C)

Age group

20-59 5/165; 12/93 11/165; 23/93 NC 71 (2510 8g)
60-79 51/342: 25/153 39/342: 110153 -5 (-9519 44) 68 (47 1o 8y)
=80 16/295; 6/100 10/295; 14/ 100 52 (-68 to 8o} 51 (-54 to 8g)
Chronic condition'

Mo 26/341; 17118 21/341: 40/118 58 (13 to 8o) 71 (43 o 88)
Yes 46/561; 26/232 39/464; 107232 15 [-52 to 53) 69 (51 to Bao)

Analysis 3: VE by time (number of days) since receipt of first mRNA booster dose {14-59. 60-119, 120-179, =180 days from receipt of booster

‘to symptom onset) by PSY product

All PSV products combined (10 sites®; n=3,876")

Allz 14 days from first mENA

booster dose 1249 B11; 14677349 59 (51 to 66)
Days from first mRNA booster dose to onset (among vaccinated cases and controls)

14— 55 115/811; 212/349 85 (78 to Bg)
Go-119 304/811; 464/349 70 (6110 77)
120-179 328/B11; 454/340 36 (17 to 51)
180 502/B11; 3470349 ~3(-37 to 23)
Comirnaty PSV (10 sitess; n=3,401)

.:::;&:];z:gmm first mRHA 1,079 B11; 1,162 349 54 (45 to &2)
Days from first mRNA booster dose to onset

14-59 Bo/811; 164349 86 (79 to o)
Go—115 260/811; 340/349 66 (56 10 74)
120-7 % 280/ B11; 358/349 34 (13 to 50)
=180 450/811; 300/ 389 —8 (—45 to zo)

Spikevax PSV (10 sitess; n=1,382)

All= 14 days from first mRNA
booster dose

gz/811: 130/ 349

60 (44 to 71)

Days from first mRMA booster dose to onset

14-59 10/811; 22/349 B (65 to 93)
do-119 20/811; 40/ 349 79 (61 to Bg)
120-7g 29/ B11; 37/349 27 (28 to 58)
=180 33/B11; 30/ 389 27 (-29 to 59)

Vaxzevria PSY (nine sites;| n=1,355)

Alle 14 days from first mRMA
booster dose

60/802; 147346

69 (54 to 75)
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TABLE 2C

Effectiveness of COVID-19 complete primary series vaccination and booster vaccination against hospitalisation among
adults (=20 years) by age group and vaccine product, I-MOVE-COVID-19 and VEBIS hospital vaccine effectiveness studies,
Europe, 13 December 2021-31 July 2022 (n=5,115

Vaccinatedfunvaccinated cases; Vaccinated/
umvaccinated controls

PS5V vaccine product

Days from first mRMA booster dose to onset

14-59 14/802; 20{346 75 (45 to Bg)
Go-119 18/8oz; 77/ 346 78 (6o o 88)
120-59 16/802; 36/346 43 (F11to71)
=180 12/ Boz; 14/346 27 (74 to 7o)

Analysis 4:VE by time (number of days) since receipt of mRENA booster dose (14-59, 60—-119, 120-179,= 180 days from receipt of booster
dose to symptom onset) for all PSY products combined, by age group (zo-59. 60-70.2 Bo years)

Aged 20-59 years (10 sites?; n=503)

.:::Eu, days from first mENA booster B3/165; 161/94 66 (a7 to 78)
Days from first mRNA booster dose to onset (among vaccinated cases and controls)

14-50 23/165; 4794 81 (62 to 91)
fo-119 27/165: 6904 59 (25 to 7E)
120-79 17/165: 30/95 3833t 7Y
=180 16/165; 15/94 —35 (~257 to 49)
Aged 60-79 years (10 sitess; n=1,606)

Allz 14 days from first mRNA booster

dose ah 460/349: 643/154 58 (45 to 68)

Days from first mRMA booster dose to onset (among vaccinated cases and controls)

14-59 56/ 345: 1057154 85 (75 to 91)
Go-119 113/349; 200158 70 (55 to Bo)
120-79 135/ 349; 200/154 28 (-7 to 52)
=180 156/345; 129/154 2 (=59 to 40)
Agede Bo years (10 sitess; n=1767)
.32;;1. days from first mENA booster 706/207; 663/101 58 (42 to 6g)
Days from first mRMA booster dose to onset (among vaccinated cases and controls)
14-59 36/297; 60/101 86 (7310 93)
Go-119 164/297; 186/ 101 76 (63 to B5)
1201979 176/ 297; 21410 38 (5 to 59)
=180 330/297; 203101 -4 [-59 to 32)
C1: condldenc al; |CU: Infenshe care o : Influenza — Monforing Vaccine Effectiveness In Europe; FSTG: primary serles targed group; F5W: paimary serles v acdinatlon; VE:

Warcing effeCthvensss; YEBLS: Vaccing ENectiveness,

‘Burdsn and Impact Studiss.

? o= g, 115 after dropplng 26 with 2 second boosber (sample stre too small bo analyse second boosiar).

* Ddds ratio adjusind by .Dunl:r,l. time {restricted cublc spllne of swab date or swab month as categor ul wa %, d n:mm‘.llng on modal), ags (resiricted cublc spling or age as ¥
warlable, ﬂnIFnInd g on modal], sex, presence/absence of chronlc comdition fasthma, diabedps, hoart dizsasa, lung disaass

t Elghi slies: Balgien, Croatla, France, Iraland, Miatta, the Retharlands, Portugal and Spaln.

® m=1,245 aftar dropping 2,587 rocords of patints who red oy from throp sites

with lewer than fiwa controls or fewar than 2o SARI pa Inn 5.

e 3 first mAMA boostar Sosa, 776 with |ast primary seriss vacoination dosexigo days from snss

¥ Elowen sites: Belglum, Cmoatla, France, breland, Lithuania, Malta, Havarra, the Netherlands, Forfugal, Romanda and Spain.

V=2, 007 aftar dropping 2,987 records of patients who recelved a first mAMA boosier dose, and 266 with last primasy sarles vaccination dose

¥ Tem sites: Belglum, Croatia, France, eland, Lithuania, Malta, Navarra, the Netheriands, Fortugal and Spain.

" n=3,876 after ﬂr::plng 29 rk'crus-rr:ﬂ
aitsat, and 76 from o

:Iantsw‘\: ha meahved primary serks vaccination only (no booster), 26zwho had recelved thelr boostor dosad 150 days bafom symplom
n 1 contrals.

m analyses stratifiad by chronlc cond®lan, tha adjustmant for presence’absance of chronic condition was removed.

Hina shes: Balghum, Croatia, Framce, Ireland, Ltheantz, Baita, the Retharlands, Portugal and Spain.
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(Table 1). For this analysis, 1,570 SAR| patients (31%)
were swabbed during the Omicron BA.1 sub-lineage
period (13 December 2o021-20 February z022), 1,309
(25%) during the BA.z period (7 March—-20 May z023)
and 6ob (12%) in the BA.4/s period (10 June-31 July
2022). The remaining 1,656 (32%) were swabbed dur
ing a period undefined by these sub-lineages (Table 1).

At the time of swab, 878 cases (32%) and 353 controls
(1596) were unvaccinated. Half of the cases (n = 1,389)
and 1,508 controls (68%) had received both complete
PSV and first booster doses; 10 cases (0.4%) and 16
contrels (0.7%) had a second booster dose (Table 1).
Seventy-eight per cent of cases and y5% of controls
were vaccinated with Comirnaty for their first dose;
B1% and 77% for the second dose, respectively.

SAR| patients received their last PSV dose between
week 4, 2021 and week 18, 2022 (Figure 3). The median
time from last PS5V dose to onset of symptoms for
patients with complete PSV only was 240 days (inter-
guartile range (IQR): 183-303) in cases and 254 days
(IQR: 190-310) in controls (Table 1). Excluding those
with last PSV dose « 150 days of onset, these medians
were 254 days (IQR: 208—314) and 253 days (IQR: 200
319), respectively. SARI patients received their first
booster doses between week 21, 2021 and week 26,
2022. The median time from first booster dose to onset
was 160 days (IQR: 101—211) for cases and 132 days
(IQR: 86-181) for controls. The median time between
last PSV dose and first booster dose (in those with
booster dose= 150 days after last complete PSV dose)
was 209 days (IQR: 189-231) for cases, 206 days (IQR:
188-229) for controls.

Analysis 1: Vaccine effectiveness for primary
series vaccination in individuals not vet eligible
for a booster dose

We estimated VE among individuals who had received
their last PSV dose <150 days prior to symptom onset.
Among this group, VE against hospitalisation with
COVID-1g for complete PSV was 51% (g95% confidence
interval (Cl): 2a-69) for all PSV products combined
(Table z). For age-stratified and time-since-vaccination
results for this group, see Supplementary Table 51.

Analysis 2: Vaccine effectiveness of primary
series vaccination with or without first mRNA
booster

We estimated VE among individuals eligible for booster
and with =150 days between last PSV and symptom
onset (for PS5V alone) or booster dose (for PSV plus
booster). For all PSV products combined, VE in those
who received complete PSV alone was 43% (o5%
Cl: 20-54). In those receiving complete PSV and an
mRNA booster dose, VE was 59% (05% Cl: 51-66).
With Comirnaty as PSV, the VE for any mRNA booster
was 54% (95% Cl: 45-62); itwas 60% (95% Cl: 41-72)
with Spikevax as PSV and 69% (95% Cl: s4—7g) with
Vaxzevria as PSV. For those aged 20-59, 60-79
andz8o0 years, mRNA booster dose VE for all PSV
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products combined was 66% (o5% Cl: 47-78), 58%
(95% Cl: 45-68) and 56% (o5% Cl: 45-64), respec-
tively. The VE for all PSV products combined in those
without any of the four commonly collected chronic
conditions was 60% (95% Cl: 43-72) without and 64%
(95% Cl: 48-75) with mRNA booster dose. For those
with at least one of these chronic conditions, these VE
were 32% (g95% Cl: 11-48) and 56% (95% Cl: g5-64),
respectively (Table 2).

Analysis 3: Vaccine effectiveness by time since
mRNA booster dose

We estimated VE among those receiving a first booster
dose forthe intervals 154-59, 60-119, 120—179 andz 180
days between first booster dose and symptom onset.
For all PS5V products combined, VE was 85% (o5% Cl:
78-8g) in those receiving the first mRNA booster dose
14-59 days before symptom onset. For those with
mRNA booster 120-179 days before onset, VE was 36%
(95% Cl: 17-51). For Comirnaty and Spikevax PSV, fol-
lowed by first mRNA booster dose 14-50 days before
symptom onset, VE point estimates werez 85%; for
Vaxzevria PSV plus mRNA booster 14-59 days before
onset, VE was 75% (95% Cl: 45—84g). For those receiving
Vaxzevria, Comirnaty and Spikevax as PSV followed by
a first mRNA booster dose 120-179 days before symp-
tom onset, VE was 43% (95% Cl: —11 to 71), 34% (o5%
Cl: 13-50) and 27% (95% Cl: —28 to 5&), respectively.
OQur results showed no protection = 180 days post
booster for all products combined (Table z).

Analysis 4: Vaccine effectiveness by age group,
overall and by time since mRNA booster dose
We estimated VE among those who had received a first
booster dose for the intervals 14-59, 60—119, 120—
17gand = 180 days from first booster dose to symptom
onset. For all P5V products combined, VE after receipt
of first mRNA booster dose 14-59 days before onset
was at least 81% in each age group (20-59, 60-79
andz 8o years). In the two older age groups (260
years), the VE for first mENA booster received 6o0—119
days before symptom onset was at least 7o%, while in
the youngest age group (20-59 years) mRNA booster
dose VE was 59%. For those vaccinated 120-179 days
before onset, the VE point estimates for all age groups
weres 40%, with no protection observed for any age
group when the booster was receivedz 180 days before
onset (Table 2).

Supplementary analyses

We estimated the VE of mRNA booster dose by Omicron
sub-lineage (BA.1, BA.2z, BA.4/s) dominance periods,
estimated using country-specific week of swab as
proxy. The VE for mENA booster dose (all PSV products
combined) for Omicron sub-lineage BA.1 wasiygs%
overall and across all age groups and was highest
in those aged = 8o years. For BA.2 and BA.4/s, the
VE was 25% and 13% overall, respectively. Sample
size was very low for BA.gfs, resulting in very wide
confidence intervals and precluding some stratified
analyses. The VE by time since vaccination for these
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sub-lineages were greater in those whose last vaccina-
tion was <60 days before onset than in those with vac-
cinationz 6o days, and the VE at¢< 60 days was lower for
the later sub-lineages (87% and 41% for BA.1 and BA.z,
respectively; BA.4/5 sample size was too small to com-
plete this analysis as most vaccinated patients were
vaccinated 2120 days before onset). For the details of
these results by sublineage, we refer to Supplementary
Tables 52 and 53.

Sensitivity analyses

Excluding 463 cases and 281 controls with known prior
(PCR-confirmed) infection in those receiving complete
PS5V alone produced slightly greater VE for all products
combined: from 1 (P5V only) to 5 percentage points
higher for those with booster dose vaccination. The VE
point estimates by age group for those who had only
received complete PS5V ranged from 13 percentage
peints lower (for those 20-59 years old) to 2 percent-
age points higher (in those aged 6o-79 years) and 12
percentage points higher (in those aged= Bo years).
Booster dose VE in those without known prior infection
ranged from 1 percentage point higher in the youngest
age group to 7 percentage points higher in those aged
6Go-79 years. The data for these sensitivity analyses
are accessible in Supplementary Table 5S4 (Analysis 1).
In the group who were either admitted to ICU or died in
hospital (severe outcomes), and were in the BDTG, the
WVE for complete PSV in thosez 150 days from their last
P5V dose was 14 percentage points higher than in the
main analysis for this group. For those aged= 8o years,
although VE was 43 percentage points higher than in
the main analysis, numbers were small and g5% Cls
wide (sample size was too small to estimate VE for
the younger age groups). For those receiving a booster
dosez 150 days from their last PSV dose, the VE was
3-5 percentage points different from the main analy-
sis, overall and for each age group. For the detailed
analyses we refer to Supplementary Table 54 (Analysis

2).

Discussion

Pooled results from this multi-country European study
of VE against hospitalisation with COVID-19 showed
that the overall VEwas < 50% forall PS5V products among
hospitalised SAR| patients agedz2o years who were
eligible for but not receiving an mRNA booster dose
during the Omicron circulating period (December 2021—
July 2022) and who received their last PS5V dosez 150
days before symptom onset. In those who received
an mRNA booster dose, VE increased to 54% (95% Cl:
45—-62), 60% (05% Cl: g2—72) and 69% (95% Cl: s4-79),
respectively, for Comirnaty, Spikevax and Vaxzevria
as PSV. Analysis by time since vaccination with mRNA
booster (three &o-day periods from last booster dose
to onset) for all PSV products combined indicated that
the VE for the first mRNA booster dose decreased in
each 6o-day period, from 85% and 70% in the first two
periods, to a much reduced 36% in the peried 120-170
days between mRNA booster dose and symptom onset.
The VE in those with onset 14-50 days after their first

12

mRNA booster wasz75% regardless of individual PSV
product but was<30% for those with onsetz 180 days
after their first mRNA booster dose. We observed only
small differences in VE point estimates (with overlap-
ping 95% Cls) for those who received mRNA PSV and
booster products vs those with non-mRNA PSV product
followed by mRMA booster. Qur study showed that for
those SAR| patients who were eligible for a booster but
had not yet received this, several months (median?zo0
days for both cases and controls) had passed between
their last PSV dose and symptom onset. The lower VE
in these individuals is likely to reflect waning immunity
in the absence of a booster dose.

Our results should be interpreted with the following
strengths and limitations in mind. Firstly, as with any
multi-country study using pooled data, heterogeneity
across countries is expected, from vaccine roll-out tim-
ing, coverage and product use, and SARS-CoV-z variant
distribution, to healthcare-seeking behaviour and case
management strategies. To counter some of these, an
adapted core protocol was in use, with homogeneous
methodology applied across participating countries.
Although residual and unmeasured confounding may
be present and hence unaccounted for, most sites
collected data prospectively, documenting important
information on key confounders. For those receiving
complete PSV alone, we estimated VE for those with
onsettiso days andziso days from last PSV dose,
to allow better comparability with those receiving a
booster, as a booster dose was recommended in partic-
ipating countries on average ca 150 days from last PSV
dose. Product-specific VE estimates showed overlap-
ping confidence intervals and the results did not dem-
onstrate significant differences in protection against
hospitalisation with PCR-confirmed SARS-CoV-z2.

Combining individual-level data from several countries
permitted a larger sample size to provide robust results
for continued monitering of VE against severe disease
across Europe. However, sample sizes were low by indi-
vidual vaccine product, limiting the precision of some
estimates and preventing subgroup analyses among
those aged 20-s59 years and those with no chronic
conditions.

We did not account for previous infection in either
cases or controls (although sensitivity analyses
showed 1-13 percentage point higher VE when those
with known prior infection were excluded). However,
as not all sites collect this information, and as some
patients will have had mild or even asy mptomatic prior
infection not captured by our study, it is difficult to
fully interpret the results. Measuring VE without knowl-
edge of prior infection is a major challenge. In some
participating countries, individuals with a SARS-CoV-2
infection have their subsequent COVID-1g vaccination
dose delayed. Self-testing for SARS-CoV-2 has become
commaon in many countries; it is difficult for hospital
staff to document the number of prior infections, with
dates, for each included patient (some of whom may
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have had more than one prior infection during zoz22
alone). Of the 463 cases and 281 controls in our study
with known, PCR-confirmed prior infection, the propor-
tion unvaccinated was similar to those with no known,
PCR-confirmed prior infection for cases (32% ws 31%,
respectively) but was lower for controls (20% vs 15%,
respectively). Further sensitivity analyses adjusting by
known prior infection are planned for the future, on
larger datasets with fewer missing this information. As
sequencing results were not available for most SARI
patients, we used proxy dates for whenz8o0% samples
sequenced by a country were Omicron; a processwhich
has been used in other studies [33,34].

Other studies have also shown a positive effect of
booster doses in preventing COVID-1g hospitalisa-
tion, although our results were lower than most (e.g.
we found an all-product VE of 70% at fo-110 days,
27%=120 days from booster dose, vs Bo0% within
60 days and 66% atzi20 days [35]). Another multi-
country study during the Omicron period with a simi-
lar test-negative design pooled data from several
Latin American countries. They showed Comirmnaty
WVE of 25% without booster among those 265 years
[36]. Our Comirnaty VE for those =65 years is poten-
tially higher, as we show VE of 53% and 27% for those
6Go-7o and =80 years, respectively. With booster, the
Latin American study had more comparable Comirnaty
WE results to ours, however, at 56% among those =65
years vs 52% in 6o—79 and 54% in =8o-year-olds in
our study [36]. There are several reasons which could
explain our low observed VE. One could be our use of a
sensitive SAR| case definition [28], potentially leading
to more cases with milder disease being recruited. This
could result in inclusion of hospitalised patients *with"
COVID-1g rather than only those hospitalised *due to’
COVID-1g. This alsc explains the lower VE found overall
in our study compared with others, as our VE estimates
were more similar to those found against infection
than against hospitalisation [37]. Our sensitivity analy-
sis using more severe hospitalised outcomes (ICU or
death in hospital) was difficult to interpret due to low
sample size, possibly due to the milder effect of the
Omicron variant, which is known to have caused fewer
hospitalisations [38,39). Boostervaccinated patients
in our study had all received an mRMA booster dose
(Comirnaty or Spikevax), and most patients with PSV
had also received an mRMA vaccination; our results
therefore reflect mainly receipt of homologous mRNA
PSV and booster vaccination. Despite the lower level of
effectiveness, however, our study (like others) shows
that the booster dose improves VE and hence has the
potential to decrease hospital burden and improve out-
comes [35,40-42].

Evolving evidence based on early VE data and analysis
of antibody levels after the first booster dose suggest
that there is gradual waning of immunity against the
Omicron variant. Single-country studies in the United
States (US) [35,43-45], Denmark [46] and Canada
la7] undertaken during the early phase of Omicron
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emergence with short follow-up periods reported
high VE of the booster dose (80%) against severe
outcomes of Omicron infection. Other studies (some
with the same test-negative design as ours) confirmed
these early findings. For example, VE against COVID-1g
hospitalisation and death was in the range of 7o-80%
any time after the second PS5V dose and»oo% after
the first booster dose in Qatar [48]. In the US, Tartof
et al. reported VE after three doses of Comirnaty of
B5% (95% Cl: Bo-8g) against hospital admission due
to the Omicron wariant within 9o days, falling to 55%
(95% Cl: 28-71) 290 days [15]. Other study results indi-
cated rapid waning of this effect with increasing time
from vaccination [37,46,47,49-51], starting from go
days after booster administration. Our results show-
ing decreasing VE over time during the Omicron period,
with no protection observed from & months after the
booster dose, underscore the importance of monitoring
VE against hospitalisation with this variant. This has
policy implications for European countries in terms of
recommendations for timing of booster doses.

This study provides some evidence of waning effective-
ness, but the lower VE observed in patients with onset
from 120 days and particularly from 180 days after
first mRNA booster dose than in those with first mRNA
booster doset¢éo days from onset could also be due
to the different sub-lineages circulating at the time of
their illness. In supplementary analyses, VEwas signif-
icantly higher in those receiving an initial booster dose
for the much earlier BA.1 period (from the study start in
December 2021 to February 2022) than the BA.z (from
March to May 2022) or BA.4/5 (from June to study end
in July zo022) variants. Our study also showed that VE
was lower with greater time since last booster dose
within each sub-lineage period.

Measuring only overall VE against Omicron may mask
differential VE in different sub-lineage periods and
over time, with the low overall VE due in part to many
patients having long lags since their last booster dose
(particularly for older individuals, who would have been
vaccinated earlier) and the emergence of sub-lineages
with greater ability for immune escape. The emergence
of Omicron sub-lineages BA.5 and, to a lesser extent,
BA.4, did raise concern about high transmissibility
[52] and partial escape of natural and vaccine-induced
immunity [53-55]. These variants have rapidly become
dominant in the EU/EEA. For countries participating in
our study, BA.4/5 became dominant only towards the
end of our study period, from 10 June zozz. A higher
sample size for BA.2 and BA.4/s is needed to better
disentangle the effects of time since vaccination and
VE against Omicron sub-lineages.

Countries have progressively introduced additional
booster doses in vulnerable groups, and EU/EEA coun-
tries recommended a second booster in immunocom-
petent individuals aged 6o years and older in late 2022
[21], when vaccination campaigns focused on admin-
istering adapted bivalent booster waccines. Although
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subsequent boosters may partly restore the immunity
and increase protection conferred by the earlier doses
of the vaccine [56,57], the speed of waning immunity
needs further study, along with attempts to disentan-
gle the competing effects of age, variant sub-lineage,
prior infection and time since vaccination.

Conclusion

Qur results suggest that, during dominant circula-
tion of the Omicron variant in participating countries,
among adults agedz 2o years, overall VE for complete
PSV without booster,z150 days after last PS5V dose,
was=50% for the three main vaccine products in use.
Higher VE after administration of a booster dose sug-
gests beneficial effect of booster vaccination during
this period, particularly for those with onset within 120
days of their booster dose. Although the policy impli-
cations of these findings are potentially substantial,
there is a need for confirmatory findings from research
groups in other countries.
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Summary
Purpose:

The article aimed to map the current position and role of clinical research coordinators
(CRCs) within healthcare institutions in the Czech Republic, increase awareness of the acti-
vities they perform in clinical research, and identify their educational and professional-de-
velopment needs. Particular attention was given to the organisational position of CRCs
within healthcare institutions and to the demand for a formal educational programme suppor-
ting the development and professionalisation of this increasingly important role in clinical
research.

Methodology:

The publication combines an overview of the role and responsibilities of clinical re-
search coordinators with the results of two questionnaire surveys mapping the situation in
the Czech Republic. The surveys addressed two complementary perspectives: healthcare
institutions involved in clinical research and individual clinical research coordinators. In
total, 42 healthcare institutions and 120 clinical research coordinators participated, provi-
ding information on the organisational embedding of clinical research coordination, profes-
sional and employment characteristics of coordinators, activities performed within clinical
trials, and existing and perceived educational needs.

Results:

The findings demonstrated considerable heterogeneity in how the role of the clinical
research coordinator is organised and formally recognised across Czech healthcare instituti-
ons. Only 45% of participating institutions had a formalised Clinical Trials Unit, indicating
substantial differences in the institutional structures supporting clinical research. Approxi-
mately 40% of clinical research coordinators were classified in non-healthcare professional
categories, complicating appropriate recognition and formal employment classification of
their role. The surveys further demonstrated that CRCs undertake a broad range of activities
essential to the conduct and coordination of clinical trials, while a comprehensive and stan-
dardised system of undergraduate and postgraduate education for this profession is currently
lacking. The findings therefore identified both a need and demand for more structured edu-
cation and professional development of clinical research coordinators.
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Conclusion:

The publication highlights clinical research coordinators as an important professional
group supporting the conduct of clinical trials in healthcare institutions, while demonstrating
that their organisational position, professional recognition, and educational pathways remain
insufficiently formalised in the Czech Republic. The findings support the need to formalise
the CRC role, develop structured educational opportunities, and establish a professional or-
ganisation capable of harmonising methodological guidance and strengthening institutional
support for coordinators
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Role studijniho koordinatora v klinickém
vyzkumu ve zdravotnickych zarizenich -
popelka mezi experty v klinickych studiich?

S4rka Selvekerovd'**, Michaela Hanskova®®, Regina Demlova"**, Katefina Nebesk4'®, Helena Krist®,
Martin Duiek®, Nadeida Puikafova™ ", Pavla Mevalowd®, Petra Brandejsova®, Hana Doleialova’,

Karin Cviklikova®, Johana Krempova®®, Lenka Soudkovd' ™
Lékarska fakulta, Masarykowa Univerzita, Brig
‘Masarykiy enkologicky dstav, Brno

“mezindrodni centrum klinickych stedil, Fakulini nemocnice u sy, Anng v B, Brng

“Menck shanp & Dohme

"ACRO-CZ

“J& ) Innowative Medicine

“Eli Lilly

“Asociace Inowativiibo Farrmaceutického Prirrysu

“Oddéleni klinickych studii Fakultni nemacnice Hradec Kralovd

{linek se zaméfuje na zmapavani saufasnébe postaveni studijrdho kocedindtora ve
adravotnickych zafizenich v Ceskeé repubbce. Hlavnim cllem e 2wt povédomi o gin-
nostech, které studijni koordindtofi wwkondeaji, a identifibovat potfeby pepch wrdElivin
Studie rovreE dkoumid paptivku poformdlnim vedél avacim programu, kkery by podpahl
profesni razwaj teta kligove rale w dinickém swyzkumuo. Vsledky dvou datammikavgch
prizkumid, kierpch == aktiené niéastnile 42 sdravatnickych zafizend a 120 studynich
koordindtond, ukazuji, #e pouze 45 % zafizeni ma formalizované oddéleni klinickych
studii, Ffibliné &0% studijnich loordindtoe je zafazeno do nerdravotniclpch kategor,
oo komiplikuge jejpch odposidapci pracosni zafazeni. Stadynim koordindtor Gm chybi
ucelemy systém pregradusindho i postgradudiniba vedldeinl Zévéry od braziuji patfebu
farmalizace téta pracowni pazice wetné vytwateni prafesni ceganizace, kterd by sjed-
nacavala metadicke pokyny a pasilila irstituciondini podpom studijrich koordindtor,
Klitova slowa: studijni kaordinatar, kinides studes, vodéldvani, edravotreckd zafizend,

The Robe of the Clinical Research Coordinator in Healthcare Institutions -

A Cinderella Amiong Clinical Trial Experts?

Thee articlke foouses on mapping the current status of clinical reseasch coordinators m
healthcare institubons in the Czech Republic. The main obgective s bo rase awaneness
of the tasks perfomed by dinacal research coomdinabars and toidentify ther educabonal
needs. The study also examines the demand for a formal educational program that would
support the professional development of this crucial rale in chnical research. The results
of taa surveys, involving 42 health care institubons and 120 clinical research coordinators,
shaw that anly 45% of institutions hawe a formial Qinical Trisks Unit. Approsmatehy 406
of dirical ressarch coordinators are classified innon-healthcare categanes, comphcating
their approgriste pob dassification. Coordinators lack a compre hen sive system for bath
undergraduste and postgraduate edwcation: The conclusions emphasize the need for
formalizing this pasitan, including the establishment of a professional organisaton ta
unify guedelines and strengthen mstiutonal suppaort for dinecal research coordinat oes.

Keywords: dinical ressarch cooedinatoe, clinical trisls, education, healthcareinstibutions.
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Salmanton-Garcia J, Wipfler P, Valle-Simon P, Merakou C, Kopsidas I, Bethe U, Steinbach
A, Spivak O, Souckova L, Mendonga MA, Koniordou M, Hellemans M, Frias-Iniesta J,
Davis RJ, Barta I, Azzini AM, Askling HH, Argyropoulos CD, Alvarez-Barco E, Akova M,
Bonten MMJ, Cohen-Kandli M, Cox RJ, Flisiak R, Husa P, Jancoriene L, Koscalova A,
Launay O, Lundgren J, Mallon P, Marques L, Nauclér P, Ochando J, Pana ZD, Tacconelli
E, Toth K, Trelle S, van Damme P, Zaoutis TE, Zeitlinger M, Albus K, Stewart FA, Hof-
straat SHI, Bruijning-Verhagen P, Cornely OA;

VACCELERATE Consortium. Electronic address: trialsites@vaccelerate.eu. VACCELER-
ATE Site Network: Real-time definition of clinical study capacity in Europe. Vaccine. 2023
Jun 13;41(26):3915-3922. doi: 10.1016/j.vaccine.2023.05.006. Epub 2023 May 18. PMID:
37210309; PMCID: PMC10194816.

Summary

Purpose:
The aim of this study was to establish and describe a pan-European infrastructure capable
of rapidly identifying and mobilising clinical trial sites for vaccine studies. The study ad-
dresses fragmentation in the European clinical trial landscape, which has historically limited
Europe’s attractiveness for large-scale vaccine research and delayed trial implementation.

Methodology:
The study was based on the development of the VACCELERATE Site Network, a struc-
tured, continuously updated registry of clinical trial sites across Europe. Participating centres
provided standardized data on infrastructure, prior trial experience, patient populations, and
research capabilities, and the platform enabled rapid feasibility assessments and matchmak-
ing between sponsors and sites through predefined questionnaires and workflows.

Results:
By 2023, the network included 481 sites from 39 European countries, covering a broad spec-
trum of trial phases and therapeutic expertise, including both adult and paediatric popula-
tions. The network has already been actively used for multiple academic and industry trials,
demonstrating its functionality as a real-time tool for site identification and trial feasibility
assessment across different infectious disease areas.

Conclusion:

The VACCELERATE Site Network represents an effective solution to overcome fragmen-
tation in European clinical research by providing a coordinated, scalable infrastructure for
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rapid trial deployment. The study highlights the importance of structured research networks
in enhancing the feasibility, efficiency, and global competitiveness of NCCTs in Europe.
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Methods: Login details for the WACCELERATE Site Network [yacoelerare myisite netwnrkl) questionnaire
can be obtamed after serding an email to Interested sites prowide basic information, such as contact
details, affiliation with mfectious disease networks, main area of expertise, previous vaccine tral experis

Ko ence, site infrastructure and preferred wacome tral settings. In addition, stes can rscommend other clin-
SARS-LaV-2 wal reszarchers for registrabon in the network. If directly reg | by a = or s

Reglstry representative, the VACCELERATE Site Metwork pre-selects vacone trial sites and shares basic study char-
Ei::ilm'rmopamdmss actenistics provided by the sponsar. Interested sites provide feedback with short sunveys ard feasibility
iy questionnaires developed by ¥ACCELERATE and are conmected with the sponsor to inftiate the site selecs

iGN process.

Resulis: s of Apnl 2023, 481 sites from 39 Evropean countries have registered m the YACCELERATE Site
Metwork. OF these, 137 [28.5 X) sites have previous expenence conducting phase | trials, 259 [53.8 X1 with
phase 11, 340 (70.7 ) with phase |1, and 20% (426 X) with phase IV mals, respectively. Infectious diseases
were reported as main area of expertise by 274 sites [57.0%), followed by any kind of immunosuppres-
siom by 141 (29.3 %) sibes. Numbsers are super adaitive 2 sites may report clinscal trial expenence in sevs
eral indications. Two hundred and thirty-one (470 2] sifes have the experise and capacity to enral
paediatric populations and 391 (796 %] adult populations. Since #s launch in Ocrober 2000, the
VACLELERATE Zite Metwork has been used 21 tinees for academic and industry trials, mostly mterven-
tional studies, focusing on different pathogens such as fungl, monkeypox vings, Orthomyxovindoe)m-
fluenza viruses, SARS-CoW-2, or SEepioonorss pneu momse | preunoecocous.

Concesions: The VACCELERATE Site Metwork enables a constandly wpdated Europe-wide mapping of
experienced climical sites anterested in executing vacoine trials. The network is already inouse as a

Clinical mensork

rapid-turnaround single contact point for the wentifcation of vaccine tnals sites i Europe.

i 2023 The Authors. Fublished by Elsevier Lid.

1. Introduction

Belfore the coronavirus disease 2019 (COVID-19) pandemic was
declared i March 2020 | 1). Europe was not the prelerved aption
for global waccine trual developers, ad compared 1o other fegoans
| 2-5], dise 1@ i3 lractured climical trial infrastiructure |5-9). Whilke
regianal and international networks were attempting to booast clin-
ical trial and study performance on the continent, none af them
was focused an vacecine deselopment [10,11].

In January 2021 the VACCELERATE consortium was set up |12],
to harmonize vaccine Crial indtistive scross Europe and create a
network in which vacane tnals can be rapedly deploved lor early
evidence generation and aderessing public health needs [13).
Within VACCELERATE, one of its core objectives was 1o describe
the capacity mapping of vaccine trials sites in Europe, in arder o
Lacilitate rapid clinical tral site identification, selection and initia-
tsan al joant Europaan vaccine truals. Nevertheless, while primarily
sel up s a vaccme ral netwark, the network i alse ready o par-
ticipate in epidemiolagical studies, surveys and other prajects and
initiatives related (o vaccine topics,

Additionally, the VACCELERATE Site Network olfers and pro-
wides sccess to the VACCELERATE Acaderny whers investigators
can register for educational courses such a8 good clinical practce
[GCP) & tradning courde pecific on vaccine trals and & courde on
conduct of multinational trials A study nurse course i4 currently
alsa under develapment. The WACCELERATE Academy will support
capacity building of European sites with limited previous experi-
ence in vaccine Crials. Altogether, VAOCELERATE Site Network will
enablde to keep sites updated on regulatory developments and
state-od-the-art operational procedures.

2. Methods

The VACCELERATE Site Merwork [vacceberateeu/site-nelwork/]
|'.-1| collects infarmatian an basse contact and site details, main
point of contact, prior vaccine trial experience, availalsde mirastruc-
ture a4 well as prefemsd parameters for study participation
[Table 1) Interested sites can initiate their registration Chrough (o-
alsiteseisdgeceleriie e, The VACCELERATE Coordinatiea Office (C0O)
provedes the designated poinb(s) ol contact with individual acoess

ERIL

details to the online platform to complete the dite questionnaire,
Registration in the VACCELERATE Site Netwoark does nol guaranies
participation in & vaccine tmal sponsored by the VACCELERATE
comdortium or by third parties, \With the axim (o enlarge the Site
Metwark by reachsng the largest number of vaceme trial giled in
Europe, the VACCELERATE Mational Coordinators (NC) have a key
rale within the netwark. They are local liaison partsers al the Con-
sartivm in their respective countrses, being in charge of the gund-
anee for the modt appropriate approach o involve new sites and
for the local expansion of the network (see Table 2 and Table 31

The VACCELERATE CO can be approached by vaceine develapers
or sponsors during chinical trial planning but alse while the traal is
already active and the need for additional sites arises. The devel-
operspansar provides basic information regarding the vaccine
trial [ie., study population, country, study phase . ) and defines
basic needs and requirements regarding the sites. The registry is
thien filtersd for sited Mulfilling these criteria. Begisterad sites will
Ise ddentified using mformation collected in the VACCELERATE Site
Management System | ClimicalSite] | 15]. Matching registered sites
are informed about the clinical trial opportunity per e-mail by
VACCELERATE If desired, sponsors)develapers can apt o incude
further trial inforemation and or [ pre- feasibility guestionnaires in
the e-mail. VACCELERATE NC can be involved to discuss potential
counliy-apecilic requirements of challenges aned promote the trial
in their country-specific VACCELERATE site network. Sites will
decide whether they are interested in participating. Refusing to
participate in any affered vaccine trial spportunity doess not impact
registration in the network. Vaccine trial sites keep their decision
independence througlwut the whole process [Fig. 1], The sponsor
thien receives te contact details of mterssted sites and a feazibility
and site selection process is (o e done by the sponsor or thear rep-
resentative unless VACCELERATE is delegated/contracted ta do this
e them.

For the cases when VACCELERATE & in charge aff the sive feasi-
bility, a transparent site selection procedure toal was created o
select the best qualified sites for individual studies, both for adult
anel paediatric tials Fiest, an oaline baseline feagibility guestion-
naife is sent out (o a selection ol sites that could qualify based
on an initial match between the twial site information entered at
riegisiratian in the Site Network and the dpecilic trial requirements.
Feasibility questions address the lallowing categories: general site
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Tahle 1
VALCCELERATE Sire Merwork: Survey Captused.

Voo 41 (2023} 3015-3922

WV cie Trial SieNeraork

Sine name

Type of InSIunen [mulliph aneeers pessiile]
Aradeonc resareh argeizazian
Tink

Cosarebssive canar Gere
Comract resasreh argotizaian
EThics snmesnees
MsTilaT L iversiry inszimtisn
Msnilaron

Labsratary

Mdical cenrre

Wirvear K Codtsoemium

Adddiess

Streer and nunmbser

Fostal <ode

oy Tawn

Counmy

Fart of nacional infectics deease neraomks?
Mlain site for comssunication
Mame of Celact perso
Acadernic Title | Funcmssn

MO

Micrafialagsr
M

Phatmacis

D

H

Fhane number [direcr bne)

Emtail

Prior clingcal trial expericnie
Mamber of ials per cemtne < 5 years
Mumber of subjects per centre < 5 yeass
Bain focus [multipe aneeers pascle)
Pl | [includes 10)

Pl 1l

Pl 11

Pl IV

Ohservansenad

Mo previous expericnoe

Frevivus expenende conducting vacomss: siudies?
M s

Nurmder of ek per Senne < X Wears
Nurmder of subyeces ger il < 2 yeoes
Muaie disssse an/indicariin

Fhasis

Pl |

Pl 11

Pl 11

Fhase IV

Blain disease weaiedication. Flease specify
Infrastracure

Dedecaned Phase-1-Unic availabdc?

W yees, mmnber of sshjects who can be enolled i parallel ar any given e

Sipe pharmacy hee paior exgersence with blssded prenigational proden?

Site pharmacy has paior expensence with vaocings as imesRigational prodec?

Sine pharmacy i paior exgenence with fosseacally modifled aoganisms & evestigational preduc?
ks PR for SARS-Cov-2 carnied gaf by a lab at yous inscilimson®

Mo, ie, by exmernal lab Please indicate who casmies out these PORL far yosar site

Wes, L, in-house
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Wt cliwe Trial SieMeraork

Chacal setting

Piase-3-Lnir

UL palsent SeTieg

Imgaticnt setisg

Ieesn N parcpating in miaks for other than SARS-CoV-ZH00VID- 197

1 would like by recomimend the Sllowing sive|s|inetwork(s) for the placfonm (e, ste same, Fl name, cmail address. )

COVED- 18, concnerarus deesses D019, MD, Medical Docon; MSe, Mascer of Sclence;, PR, polymierase chain reaction; P, Docver of Philesophiy, PL principal svwescigarar;

SARS-CaN.-Z, severe acule respiratory syndrome cosnnavinus 2.

Table 2
Regismered sitis i the YAOCELERATE Sire Merwork as of Apnd 2033,
Facdisric Adults Tatal
0 X over cotal cenires' | M hab 0 K over total cenires I M hab 0 & ower total cemtres' M hab
Tocal 31 10000 % 1% Jae 10000 % o5 441 100D0 % T
Albania ] 0433 1% ] 0263 o ] 0zl o
Ausria 4 173X 0E 9 1313 Lo il I 1z
Apcahadian ] 0431% 18] 1 Q5% o 1 04rs [
B gy 5 116% 04 LE] 3135% (] 15 ERES ] 1.2
Eacdgania 5 1iE% (1) 6 4.11% i3 6 13¥% 13
Croaria ] 043 % 13 ] L1k 35 [ ] Ozl 3 o
L&' i TH 3 130X 6 [ 155 % 5.1 L] 1LBEX 7
Crech R pulds (] D43 % o1 a ips% OE E LBT % 0E
Denmark i 433 % L7 4 161% 24 in 4173 ERS
Estoiila (] D43 % 0E (] Qi x o 1 [ r e 0
Finland (] Ll Cikey (10 (] Lok 35 103 (] Lkl 13
France i6 15.56% 05 EL] E kS 1 13 E1F3 e
Geogs 1 0433 03 1 026% o3 1 0zl% ol
Germany' i TMI (13 47 1211% o5 E 1L6T % T
Grecoe 16 E03% L5 15 1ET % L4 16 E4T I 14
Husgary 3 L30X 13 a 106X OE 3 LT oE
[ oE ] 0431% 19 o Opox o ] 021 249
Breland =3 160X 1. 15 1ET X 3z 19 106% 40
Eerez] 3 130X 13 7 LBDE oE T 1.46% oE
Ialy 4 G0EE 13 7 G006 E o4 15 T [T
Larwia (] D43 % (153 (] Qi x o (] Lkl (L83
Lithusmea 4 L73% 14 [ 155 % 21 E LBT % FE)
Lumembaing (] D43 % L7 (] Lk 35 L7 1 04r % ER
Blalra 2 DETE 4.5 (] Qi x o 1 [ r e 4.5
Betherlands 5 1l6% 03 i 258X [E1) L 1203 [E1)
BMarth Macedania ] H00E 05 o QpnE o ] iy 05
Marsay 7 103X 1.3 5 L2D% o8 T 1.45% 1.3
Foland 7 303X (13 16 4.11% o4 7 1547 o4
Fomugal (K] 563X 1.3 9 1313 o8 k] ILTEL L7
Boimania ] 0431% 18] 1 Q5% ol 3 0O6:% [
Sexhia ] OnhE 1] ] L1k 35 o i Q4% [k
Slowakia ] 043 % 13 3 a7 s [ 4 L5 3 T
Slowessa (] Ll Cikey [1E0) (] Lk 35 (123 (] Lkl (L83
Spain i) 160 % (113 56 1443 % Lz &2 129z 3 1.3
Sweden 2 S.19% 1z L JE4% L1 in 4173 20
Swenzerland 3 130X 04 i 258X Lz i IDEX 1z
Turkey 7 0% o1 a ipE% [ER ] L 1203 ol
Ukraing 2 QET X 1] a 2063 oz a LET X oz
Unired Kingdom 7 103X 1 2 100 % oz 15 ERES oz

hahb, Babitasts; M, millios

inlarmatian, prior experience in clinical vaccine rials, access (o
sty population, site stall expertise and qualilications, |labors-
tary) lacilities and equipment, and local ethics approval and con-
tracling processes. The information from the baseline leasibility
guestionnaire id campiled in feasibility reports and this informa-
team s used as site selection toal by the Site Selection Board
[S5BL The main objectives of the 358 are toe agree on sile selection
criteria lar traals, review answers from feasibility questonnaires
proveded by patential sites against these criteria, and 1o debect
the mare switable trial sites across Eurepe. The ilormation cal-
lected by the site selecton tool is used as an initial pre-selection
filter. Pré-selected ses recewe & second feasibadity questioninaine
detailing traal specific needs and requirements. Combined, e
infarmatian rom baselme and trial-specilic feasibality guestion-

narres B compiled and used for final site selection procedure by
the Board.

Z.1. Site manegement system: added valee

WVACCELERATE Site Netwaork data are stored on the online plat-
foem Clinicalsate.org (Healex GmbH, Colagne, Germany) | 15]. Clin
icalsiteary alio permits document uplosds, such a8 curricula vitae
of designated clinical trial personnel, reparts al prévious experi-
ence i trials, GOP certificates and other relevant clinical trial tram-
ing certilbcation.

To lurther harrmanide VACCELERATE standards and processes,
minimum good quality standards, key perlormance andicators
and site assessment procedures were also developed by The coordi-
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Table 3
Descnpioon of te VACCELERATE Sine Metwark
Owerall Children Addulis
o= 481) i =231 (H = 350)
[ T [ E o H
Research topic
Eedfections Discases 74 57.0 132 57 17 556
Bervrnniineed el e s B4l |3 37 10 117 326
Dabsrtes mellices i 21 7 ERi} T 13
Ay dsase 4 133 50 e (=i 154
Prior vaccine trial experiesie 418 BT 164 a7 M 856
Biaimber of trials per comtne < 5 years B2 [5-30) [0-999] 10 5-30] |0-D6H] 15 (7-35] |0-294]
Buimler of subijects per cenlie < 5 years 200 (50-517) 200 (50-1000] IES [BD-325)
[0 1 DD |0 100G D0| | 0 104 DE]
Trial phece
Fhase LER) ES B3 73 130 ina
Fhase W 250 538 1 ELE I 569
Fhase il 340 my 147 615 IE2 723
Fhase IV 205 41 az IDE 172 d44.0
Obsvrvanioel sradies 153 5ki 1E 4k g 533
Freviows vaccing trial experience il 47.6 (R 53 AR E 181 d6.4
Nuimdber off eriaki pEr cemTe < F wears 3 [2-53] |0-15] 1 {0-2}0-2) 4(2-5] [0-15]
Wi of sulyeces ger misl < 2 peors 152 {20-500] |B-1000] 20 (6-207) |6-203] 400 [152-B00)
| DO | 0]
Traal phose
Pl | &l 1z7 30 130 5T (E1c)
Fhasa 11 Ll 2 5% s ET 213
Pl 111 164 341 EE 31 113 313
Pl [V ] 143 3B 165 56 144
Infrastracrine
Fharmacy exgssreence vith bisded producrs EL Y] EL3 165 Ti4 f :racy
Fhaamacy exg=sreznce with waccings 280 582 125 541 I 5
Fharmadcy' exgss i nce with GG 7 8 ES E 152 400
FCR access 443 oz 195 EE 353 905
itsie 18z a4 175 73R a7 761
LT &l 1z7 17 T4 4T 120
243 b ] 25 3 (3 ] ric)
*4E & 431 EQG 193 E15 43 ave
Prefierred paraiie ers
Halthy sujecrs 41B BED 19% E15 11 281
Serapaskive subjinTs 144 715 144 [ aF 233
Chsical sefling
Fhas o)L [rd] 68 49 i g (R L] ins
CHUMPATAMAT Seeting 193 ELT? 160 ma 313 ana
M SR 295 613 14% (1KY 117 581

C0, penerically modeted organisn PCR, pelymerase chai reacen.

WACCELERATE
Cosrdi=ation Offics

trinlsangvaccd sraisau

2 Raqua esudy alse

( Vaigiie devilogers frar acadarmis, indusiy, e sl asd medleTrsioel snveprises (BMES) -}

Fig- 1. Managemest of the WACCELERATE Site Merwork (1] Potestial sives say register after sendisg an enmbail io Lialeiesdyaoceloare so Login data o access the onlss
placfomm where data ane stoned will be provided. | 2] Vaccine developers intoresed in pesforming vaccine ials might contacn the VACCELERATE Conrdinaron Offce vwith a
i ticipant rogmest. | 1) Porennial sites are identfied and filtered according to e vaccine developers, and brefy informed about the waccine mal, iscldisg sometimes a
spevile Teakibedity gueshonnaire, va e-mal. [4) Interesmed sites can indepesdently decide whether they svennaally pamicipace the vaccise sl
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Fig. 2. Curresst Soe Mapping of the WACCELERATE Site Mernwork Overall reglstered sives: Spain [no= 621 Germainy (& = 58], France (s = 30} laly (n = 35], Greece [ = 361
Denimak and Swedem [no= 20, each), Ineland {0 = 1), Pernsgal [no= 1£], Poland and Uested Kingdesn [n o= 17, each), Bulgaia (no= 16, Beligasn (n = 15), Ausimia, Hetherl s,
aitd Tesrhey (0= D1, eich), Cypines dod Swwitzerkand [n= 9 eich]), C2ech Regiiblic, Hungary, Lehiuania and Ukiaine (=& &ach], lsrael sl Nerway (=7, each] Slovakia (B =4
Rornaniia (0= 37 Azarhasian, B, Lixemboing, ol Malaiin = 2 sach), and Allsane, Croatia, Finlad, Georgla, beelasd, Lirvia, Mormh Macedessa, Serbia, and Slevessa (n= 1,

each)l

naln feaim af the VACCELERATE Site Metwark. Within ClinicalSite,
a certification status was created that can be used to identily expe-
rienced and qualified sites. A distinction s made bevwesn the fal-
lavwing statuses: green, branze, silver and gold. The obtained stamus
depends on the gualification of the site and stall (sites uploaded
GCP and stisdy nurge course certificates, as well a8 OV al Principal
Investigaton/site personnel], a8 well a8 Dheir previous expernence
[participation in 4t least one phase 2{3 vaccine trial] and if the site
implemented VACCELERATE S0P,

In addition to this certification status, a quality assessment ool
wias created feoussed on oriteria related 1o the previeus experence
ol VACCELERATE sites (i.e., vaccine trial experience, trained PL aned
stall)L indicating capacity building needs. Over the course of the
WACCELERATE pragect, this toal wall be able to show the progress
ol the nerwork and capacity building efforts. For each parameter
[experience with vaccine trials, experience PLand expersence study
coordinator], a site will be classified in one of four categores. The
categories all have their awn score. The site data for each calegary
can be retrieved from ClinicalSite o the baseline feasibility guoes-
teannaire. All information on these parameters can be combined
anel platted ina heat map with sites om the y-axis and the dillerent
parameters on e X-axis, Sites can move [0 8 new category when
they fellow the training courses developed in VACCELERATE. Addi-
teamally, a total score can be caleulated based on the scores of e
site Tar each of the parameters using the assessment tool. Based
on the total soores fof each site, a gradient scale can be generated
anel adeled to the heat map. Besides the assessment toal, perfos-
mance indicators were alsa defined in order to measure 4 WVACCE-
LERATE site's performance in tials, The objectives al these
perlarmance indicators are to a) aid the selection of sites mto stud-
ies baged on their infrastrecture and perfarmance in VACCELERATE
studies, b icdentily chalbenges within bess well performing ofgani-

3020

saliond requining extrd support/iraining and plan improvement
activities for these sites, and €] monitor and report progress of
thie VACCELERATE project in improving these indicators,

The follvwing performance indicators were selected because
they were conssdered refevant, objectively measurable, and amen-
able to improvement by paricipating sites: a) enrolment frandomi-
sation rates (number of subjects randomised [ planned number af
subjects randamised). b) subject completian rates { number of sub-
jects completed [ enolledl ©) twmaround time for 1EC/IRE
appraval {number of days between submission o ethics commit-
tee and approval from ethics committee], d] twmaround time for
contract agreement [number af days beoween sl contract sent
anel all contracts signed), @) completion time of electronic case
repart forms [eCRFs )L and ) response time to electronic case report
foem (eCRFs] queries.

The above-mentioned performance indicatars will be used for
both sites that participate in trials with an adull or a pasdiatric
stisdy popubstion. The ClinkcalSite data, performance data and
assesarment ool oulcomes can be combined o create a well-
ded quality menl of sited, distinguishing between sites
thar perforomed sdult amd pasdiateic trials,

2.2, Dula privacy and dala prafection

The pracessing of personal data, such a8 narme]s) and surnarme
[s], address, e-mail address, telephane number ar curriculm vitae
of the person concerned, is always carried out in sccondance with
the General Data Protection Regulation {EU GDPR] and in accos-
dance with the country-specific data protection regulations appli-
cable 1o Healex GmbH (Cologne Germamy)  Furthermorne,
participants are informed al the rights ta which they are entitled
lay means af this data protection declaration. Registensd points af

267



ANNEXES - COLLECTION OF AUTHOR'S PUBLISHED SCHOLARLY WORKS WITH
COMMENTARY

| Sfingiinan-Carcia, P Wigle, P Valke-Sada & ol

Wascdie 41 (3023} 30053022

Tabile: 4
VACCELERATE Sire Merwork wilisation since ser up.
Wrilisatisn dane Fatlssgen User Fuifpads
Oonader 2020 EARS (o2 Resdustry il Waccine i
Oenaber 2020 CARS-Loi-2 Resdustiy il Yaceine wial
February 2021 EARS-[oi-2 Iesdustiy il Yaceine wial
February 3021 EARS -Lol-2 Besduseny nrial Saccine wial
February 3021 v peaiirida e Besduseny nrial Saccine wial
Blarch 2021 CARS o2 Resdustiy trial Waceine mwial
Blarch 2021 CARS o2 Resdustiy trial Waceine mwial
Jealty 2021 CARS o2 Resdustry toial Waceine mwial
Jealty 2021 CARS o2 Resdustry toial Waceine mwial
August 2021 CARS o2 Acadesre: wial Yaceine wial
August 2021 EARS-Cov-2 Acadoses mial ‘aceine wial
August 2021 EARS-CoN-2 Acadoses mial accine wial
September 2020 Fungi Acadose: epidesreological sudy 1] diagnestic and trearment capaciy mapping | 15]
Bdarch 2002 Srrepiococcis peusomne  Isdusory mmial Yaceine i
Aprd 202E Srepiococcis pneusomne  Isdusory il Waccine i
Bay H02 DvrhodyRaiirida e Resdustiy il Yaceine wial
Bay H02 Monkeypax viris Acadeste: epidemaological sudy  Monkeypos disgnectic asd treatm el cagacity magging | 17]
| =ik Muonkeypox virus Acadese epidessslogical snidy Sratus of monkeygas-redared clinscal rials in G ny
[z BIO2 Muonkeypox virus Acadese epidessslogical snudy Sratus of monkeygus-relared clinscal trials in Barops
Jeally 2022 Monkeypax virus Acadesrec epidessological study  Monkeypox epidemielogy in chaldren and adult women at outleak enses |16
August 2023 HA Acadesrec epideseological sudy  Status of Study Burse courses in Eu
Febiruary 2023 Monkoypax virus Resdustrail mial Feasisility to pamicipace in ohservational monkeypox pacdiaric studes
Febiruary 2023 Any Acadesrec epideseological sudy  Priodity list of pathogens of internest
February 2023 CARS o2 Acadesrec epidemeological sudy  Long-O0VED creacment and follow up capacicy mappesg
Blarch 2033 M Ouler Teseivation mo spedy NUrs: courss

IFL, irvassve Tungal infection; MA, not agplicabde; SARS-CoV.-Z, severe arube respiranory syndnome coranavins 2.

contact for the siles cansent 06 Uhe trandfer of their names and can-
tact details (o the sponsorsponsar representative, i case ol a
malching and their interest in trial participation as a site with
thie e-mail expressing their inferest

3. Resulis

As af April 2023, the VACCELERATE Site Metwaork has callected
infarmation from up @ 481 imstitutians [fom 39 Eurapean coun-
tries (Fig. 20 OF these, in 274 (5370 Z) the main topic lar research
was reported to be infectious diseases, in 141 (29.3 ©) immunode-
liciencies, either acquired or autoimemose, and 64 (13,3 %] sites are
open o research in any disease.

Mlare than 400 sites (o= 418, 86.% X reporied previous exper-
encE in vaocine trials, with a median of 12 (IQR 5-30] trals per-
formed per centre m the previcus 5 years belore the registratsan,
and a median of 200 (IQR 50-617) subjects participating i them,
Focusing on the trial phase, most sites (n = 340, 70.7 %] have
already participated i phase I irals; with anly 137 {285 2) sites
reparting experience in phase I trals. Specifically lor vaceine trials,
129 (476 X) cluimed having participated in such stsdies in the
past, enainly in phase OF (n = 164, 341 T) and phase 1 (7 = 107,
7323 %)

Four in five hospital pharmacies (n = 391, §1.3 %] had experi-
enee handling Blinded products lar research, 280 [(SE.2 ] vaccines
and 177 (36.8 %) genetically modified arganisms. Polymerase chain
reaction tests for severe acule respiratory sy lrome coronavins 2
[SARS-CaV-2) were available in 443 (92,1 X] al the partcipating
sited, mainly an-site [n = 382, 704 T Participant-wise, 418
[BE.5 X] institulions were apen (o perlorm waccine aali with
healthy subjects, while 344 (71.5 %) with infected subjects. Specific
darta lar paediatric and adult populations are depicted in able 2
anel 3.

Since its inception in October 2020, the VACCELERATE Site Met-
work has pravaded aceeds 1o European dites up o 25 tmed lor dif-
ferent iniliatives, such as academic amd industry interveniomnal
clinical wrials or epidemiological studies: two (B0 %) in 2020, 11

3az1
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[ 4400 ) i 2021, eight (32,0 %) in 2022, and lavre [ 16.0 %) wntil April
H023. O all the initiatives, 12 (48.0 T) were ocused on SARS-CoV'-2
iniiatives, fve (200 %) on monkeypox vins and two (B0 ] on
Orchorysoviridoe/influenzs  wirnses  Sireplococcus  prewrmomios)
preumacoccus each (Table 4) | 16-1E].

31 Durlook

The VACCELERATE Site Network serves as a platforem where vac-
cine trial sites, regardless ol any previous experiencs, can regrler
inorcler o eventually participate in vaccine trials in Europe. In fact,
thir VACCELERATE consartium itsell can ensure capacity building to
traal centres that lack the necessary experience, by proveding certi-
fieel courses on different aspects, such a8 GOF of study nurse
courses. Initiated at COVID-19 pandemic onset, the network is
open b amy vaccine trial that could be aceelerated by participating
institutions. Additionally, it has also proved to be an excellent ini-
tiative 1o run flash surveys for timely relevant aspects that could
potentially evalve inte vaccine trials, and epademiclogical stisdies
in Europe | 16-15].

Currently, the enrolment in the VACCELERATE Site Metwark is
open 1o any vaccine trial centre in Europe and reach out to other
wirlel regions has begun,

A Funding statement

The VACCELERATE Site Merwork has recesvisd funding Trom e
European Unions Horcen 2020 research and innavation pro-
wraneme [grant agreement Mo 101037867 ] and the German Federal
Minisory of Education and Research [Bunclesministesiom (e Bil-
dung  wund  Forichumg  |BMEF|]  (grant  agreessent Mo
EMBFDKX2040]).

5. Contribution stalement

OAC conceivied The network sdea and is the coordinatar of The
VACCELERATE Consortium. J5G, AS and UBR developed and pro-
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grammed the software containing the variables collected for the
VACCELERATE Site Metwaork. [5G and PW manage the WACCELE-
RATE Site Metwork. FVS, CM and IK developed specific sirategied
anel toals to enlarge the VACCELERATE Site Network. JSG per-
formed the analysis, created the figures and wrote the initial
ranuscript. SHIH and PEY coordinate the work package in which
the VACCELERATE Site Metwork is placed within the VACCELERATE
Conaariiem. All suthoees worked lar the dissemination, enlange-
ment and promotion of the VACCELERATE Site Metwoark and
reviewed and approved the final manuscript
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Data availability
Data will be made svailable on request.
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CD, Themistocleous SC, Valle-Simén P, Spivak O, Souckova L, Merakou C, Amélia Men-
donga M, Joanna Davis R, Maria Azzini A, Askling HH, Vene S, Van Damme P, Steinbach
A, Shiamakkides G, Seidel D, Olesen OF, Noula E, Macken A, Luis C, Leckler J, Launay
O, Isitt C, Hellemans M, Frias-Iniesta J, Di Marzo R, Carcas AJ, Boustras G, Borobia AM,
Barta I, Albus K, Akova M, Ochando J, Cohen-Kandli M, Jane Cox R, Husa P, Jancoriene
L, Mallon P, Marques L, Mellinghoff SC, Nauclér P, Tacconelli E, Toth K, Zaoutis TE,
Zeitlinger M, Cornely OA, Pana ZD;

VACCELERATE consortium. VACCELERATE Volunteer Registry: A European study
participant database to facilitate clinical trial enrolment. Vaccine. 2022 Jul 29;40(31):4090-
4097. doi: 10.1016/j.vaccine.2022.05.022. Epub 2022 Jun 2. PMID: 35659449; PMCID:
PMC9159788.

Summary

Purpose:
The aim of this study was to develop and implement a pan-European volunteer registry to
facilitate rapid and efficient recruitment of participants for clinical trials, particularly in the
context of the COVID-19 pandemic. The study addresses a critical bottleneck in clinical
research—identification and enrolment of suitable participants—which significantly limits
the speed and feasibility of both commercial and NCCTs.

Methodology:
The project was designed as a centralised, digital, multicountry registry platform, integrated
within the VACCELERATE infrastructure, allowing individuals across Europe to register
their interest in participating in clinical trials. Volunteers provide standardized demographic
and clinical data via an online questionnaire, and the system enables matching of participants
to ongoing or planned trials based on predefined criteria, while complying with national
legal and ethical requirements.

Results:
By mid-2022, the registry was implemented in 12 countries and available in multiple lan-
guages, with over 36,000 registered volunteers, demonstrating rapid scalability and high
public engagement. Within the first year, more than 15,000 participants were successfully
matched to clinical trials, confirming the functionality of the platform as an effective recruit-
ment tool.

Conclusion:
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The VACCELERATE Volunteer Registry represents a scalable and sustainable solution to
improve recruitment efficiency in European clinical trials by providing a single-entry point
for potential participants. The study highlights the importance of digital infrastructure and
coordinated networks in overcoming fragmentation and significantly enhancing the feasibil-
ity and speed of NCCTs.
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Wineci e 40 (2022F 40504007
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Reveived in revised fomm 3 Bay 20032
Accepred 6 May 2022

Availabde onles 2 |une 2023

Kiywordi.

EARS-Co.-1

Registoy

Pandesis preparediess
Clinicad erial

Valunneer

Vaccinatios campagn
CoOVID-19

Vaccination merwork

Intreduction: The coronawirus disease 2009 (COVID=19) pardemac has evidenced the key role of vacone
design, ohtention, production and administration to successfully fight against infectious diseases and to
provide efficent remedies for the citizens. Although clinical mals were rapdly established during this
pandemic, identifying suitable sbudy subjects can be challenging. For this reason, the Unoversity
Hospital Cologne established a volunteer registry for partopation i clinical trials first in Germany,
which has now been incorporated into the Eurcpean WACCELERATE clinical trials network and grew to
a European Voluntesr Regisiry. As such, VACCELERATEs Volunteer Registry aims to become a common
entry paint for potential velumteers in future clinscal trials in Europe.
Methods: Interested volunteers who would like to register for chinical trals in the VACCELERATE
Volumteer Registry can access the registration questionnairs wia hiip: | (wyesssaccelerate. eu)volunteer
regustry. Pobential wolunteers are requested to provide their current country and area of ressdence, con-
tact information, including first and last name ard e-mail address, age, gender, comorbadities, previous
LARS-CoV-2 infection and vacoination status, and maximum distance willing to travel to a clinecal tral
site. The registry is open to both adults and chaldren, complyng with national legal consent reguire-
menits.
Kesults: As of May 2002, the guestionnaire is available in 12 countres and 14 languages. Up to date, more
than 36,000 volunbeers have registered, mainly from Germany. Withan the first year since its establish-
ment, the YACCELERATE Volunteer Kegistty has matched mare than 15,000 wolunteers to clinscal trials.
The VACCELERATE Yolunteer Registry wall be launched in further European countnies in the coming
manths.
Conclwsions: The YACCELERATE Valunteer Registry 15 an actrve single-entry pomnt for European residents
mnierested i COVIE-1% clirscal tnials partopation m 12 countries [Le, Ausina, Cyprus, Germany, Greece,
Ireland, Lithuamia, Morway, Portugal, Spain, Sweden and Turkey|. To date, more than 15000 registered
individuals have been connected to climical trials m Germany alone. The registry is currently in the maple-
mentation phase in 5 addiional countries (e, Belgium, Czech Republic, Hungary, ksrael and the
Hetherlands).
@ 2022 The Authors. Published by Elsevier Ltd Thas is an open access article under the CC BY license [ hitp-))
creativecommons.orgllicenses by 4.0

1. Intreduction

The first patients wilh severe atule respiratary syndrame cone-
navirud 2 [SARS-CoV-2) associated preumonia were described in
Wuhan, central Ching, in December 20019, | 1| Alver an exponential
global expansion, coronavirus disease 2019 [(COVID-19] was
declared a pandems 3 months later. | 2| The SARS-CoV-2)COVID-
19 pandeme as showcased the urgent need for resdy-to-use pub-
lic health toals 1o adequately face emerging epidemics and pan-
demics. |3-5] COVID-19 i the perfect example of the enarmous
impact of emerging global health threats caused by behavioural
and climatic changes on our sodelses. |6

The Ewropean vaccine development lamdseape i3 widely scat-
tered, a8 well a8 difficull to access and o navgate. |7-10] Therne-
fore, Eurape was less attractive lor vaccine developers than other
regians in the world. [101-14]) However, during recenl years,
aclwances have been made in order o implement Evropean plat-
forms lor therapewtic clinical trials. [15-17| Mareower, Uhe
COVID- 19 pandemic highlighted the nead 1o bring all European
resadents closer 1o phase 2 and phase 3 COVID-19 dinical rmals,
o example through volunteer registries, | 18,19 including healthy
volunteers, patients with comorbidities, minositees andjor under-
represented populations. An easily accessible registry of well-
charactensed potential study volunieers can be a key ool for Dhe
early identificaton ol suitable subjects i any phase 2 and phase

3 vaccine clinical traal

The main goal of the VACCELERATE | 20] Volunteer Registry is
the implementation of an Europe-wide, dvnamic, harmonised
and sustainable single-entry wolunteer registry lor phase 2 and
phase 3 clinical trials. While the focus 4 curfently on COVID-19,
thee Fegistry can be expanded 1o other indications lar vaccine test-
ing and adapted for future health emergencies under the mandate
of thse EU Health Emergency Preparedness and Responge Authority

[HERA) Incubator initiative, |21

2, Overview ol the VACCELERATE Volunteer Regisiry

The VACCELERATE Yolunieer Registry (Bilps:|fwww vacoeles
alegufvoluntesr-regising] collects information on basic demo-
graphic details (fiest and L name, e-mail, gencder, year ol barth,
ared of resadence and countey ], willingness o travel to a clinical ti-
als site, COVID-19 inlection priar 1o regastratian, vaodinalsen stats
[nurmber ol dases, time of administration and manulsciures), as
well as uilerlying conditions [acdapted for adult and paediatric
populations] (Table 1] Valunteers have (o cansent Lo data process-
ing, storage and validaton prior to subemitting their personal data,
in accordance with article 13 of the EU General Data Protection
Regulation (GOPR). |22) In the case of minors, additional cansent
lay the respective begal guardians) is requested, accarding Lo e
rempeciive nalinal verdion with regards ta boeal and natsenal reg-
ulations. Onlose registration does nal autematically mean partici-
patian in a dincal tral Obtaining informed consent lar climical
traal participation falls under the abligaton of the respective clin-
igal trial sponsor andfor its representative. Registration in the Val-
unteer Registry can be walhdrawnm al any time and without
explanation, fllowed by deletion al T subrmitted data set. Onee
valunteers agree o the terms and conclitions, their personal data
are saved and iarporated it the database.

When a clinscal treal becomes ready o enrol, potential study
participants are identified and fered scconding to the trial's key
enralment criteria. Herewith, potentially eligible camdidates are
larielly informed about the clinical trial, including contact detals
ol the trial site closest o their anea of residence, via e-mail. Inter-
eated volunteers will autonemeusly and independently decude
whether they wish 1o contact the trial site o learn mare abaul
the climical trial amd of they wish o partapate [Fig. 1L

(1) Potential participants may register via an anlise guestion-
naire available ar hrrps:) s vacoelerateeuveluntesr-regisiry
and data are stored. (2] Entities managing or perlorming climical
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Talile 1
VALCCELERATE Volumeser Regisiny - Surwey Caregeries Caprired

ADULTS CHILDREN
1. Personal data
Legnl representative’s first name
Legal representalive's last name
Yolunteer's first name
Valuileer's lasl nasme
E-Mail
Year of barth

Gender (female, male, diverse)
1. Distamee willing to travel to study site
(=00 ken, <25 ke, =50 kam, <100 ki, =100 km)
3. COVID-1% imfection

(Mot infected, infected + monthivear of diagnosis)

4. Vaccinatlon status
{Jun-jvaceinsied [vaceine brand, number of doses and administration manth and year]}
5. Pre—cxisting illnesses
Cardisvascular direases
Congenital heart defisct
High blood preasure
Coronnry heart disease ar history of heart attack
Heart failure
Lung / Liver { Kidney diseases
Chrondc hepatitis B or C
Asthma

Polycystic kidney disense
Rennl malformation, double kidney
Asthema, COPD, chronic branchilis or emphysema
Chronic non-infectious liver disease,
including liver circhosis
Chronic kidney disease,
incloding renal msuificiency

Meiabolic diseares
Dizhetes melliles
Orverweight
Congenital metabolic disorder
Cystic fibrosis

20 kg ar mare averweight
Disaases wirh inpairmient of the murine spsten
HIV

Cancer currenily being treated or having been treated in the last 2 years
Congenital immunodeficiencies
Underlying rheumstological disease
Chher pre-exiziing condifions
Epilepsy
Serious chromic illness of the stomach or intestine
Serious disesse of the rusculoskelstal gystem

Mental illness
Hypoxic brain damag
ADULTS CHILDREMN
Failare to thrive
Chrosmasomal anomalies (e, trsomy 21)
Histary of siroke
Pregnancy and breastfoeding
(Bapected date of delivery and end of breastfeeding
[mnanth and year]}
Oither illness (please specify)
MNa pre-exisiing illness
COPD, chianic abetmistve pulimonary dissaces; COVID-NA, domonavins dseases 2019, HIV, hiim s seesodefciency vieus
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Registration via ( Phase 2 and 3 vaccine clinical trial volunteers )
online questionnaire
Volunteer filtering an-:l_\l
notification to matches -;]
L J i
VAGCELERATE Volunteers actively |
Volunteer Registry contact dinical trial sites
Velunteer request

Entities managing/performing vaccine dinical trials

Fhg. 1. Valuntesr Reghetry Managessnt

trials ight contact VACCELERATE Volunteer Regisiry with a par-
Lecipant request. (3) Potential participants are identified amd fl-
rered .Iﬁﬁ'.'ll'\djl:l,g [ Uhe frial's k.rE!lr enrelment criteria, and b.riE]l]'
informed abowt the clinical tral, inclsding contact detasls of Che
trial site chosest (o their area ol residence, via e-mail. [4) Interested
walunteers can independently decide whetler they contact the
trial site to bearn more about the cinical trial and if they wish o
participate.

In order o determine the mpeed for country-based registries,
VACCELERATE Mational Cosrdinatars (NC) provide information an
existing (COVID-19) clinical traal registries in their countes. NCs
are the main Fllb.il‘l[ al contact lar member states IE.?I.{]u'I‘IS aul Ia
WACCELERATE, including translations and implementaton ol con-
sortium activities in thewr respective countries.

Connecting the VACCELERATE Volunteer Registry with other
establisled national regisires is encouraged, for example through
linking to these registries an (he VACCELERATE website and shar-
ing support requests from clinical trials spansors. The YAQOCELE-
RATE Valunteer Registry and established, independent natwonal
registries do nat share any collected personal data National ver-
sions ol the VACCELERATE Volunteer Regisiry ane established as
needed upon request of the respective NC, and adjustrments are
rade in terms ol reguired banguages (Table 2) and minoes/adult
cut-afls. While the VACCELERATE Volunteer Regisiry puaraniess
compliance with Eurcgean legislation and requirements, NC may
adapt their respective natianal version with regards (o local and
malienal regulations, with a particular focus on data protection
and in coordination with lecal ethes commilless.

2 1. Erhics amd diota prodecrion

The VACCELERATE Volunteer Registry was approved by the
Ethics Committee ol the Medscal Faculty of tse University of
Cologne (Cologee, Germany [Study number 20-1536), 11 required,
the corresponcding local ethics commilies ol each partcipating
country may also apprave the VAOCELERATE Volunteer Regisiry.
Personal data are ollected in accordance with article 13 of the

4093

EU General Data Protection Regulation [GDPR) [22] with no data
trandfer either within ar autside the EU and no data are shared
Lo any Chird party.

3. Registry progress and ouwtlook
3.1. Participution

Ag al May 2022, the VACCELERATE Velunteer Bagisiry is avail-
able in 12 countries and 13 languages (Arabec, English, German,
Greek, [rish Gaelic, Italian, Lithusanian, Norwegian [Bokdl), Polish,
Partuguese, Spanish, Swedish and Turkish). Mose than 36,000 val-
unteers rom 12 Eurapean countries have registered i the VACCE-
LERATE Walunteer Registry (Fig 2] Among thess, 35443
valunteers [95.81%] have registered lrom Germany [the first reg-
ey, activated at the end of 2020, Fig. 31, 725 (20%) [rea leeland,
155 (04%) Irom Cyprus, 130 [04X) lrom Austria, 74 (02T) [rom
Greege, 50 (0.0X] Irom Spain, 41 [01E) from Sweeden, 25 [0.1%)
from Portagal, 22 [0,0%) Trem Noreay, 14 (0,04%) Tram Turkey
anel 7 each (0.02%) lrom [taly aned Lithsania respectively. & tatal
ol TBOET [50.3%) registered individuals identified as lemabe,
17,602 {48.0%)] as male, and 104 {03%) reported other gender iden-
tities, Valunteers were born between 1925 and 2022 [overall med-
ianm age 38 years, adults {no= 32717] 40 years old, children
[1n = 3,976) O years ald). Mast of the patients reported no underly-
ing conclitions prior o their inclusion in the regisory (overall 58.7%,
adults 56.7%, children T00E). Among the valunbeers reparting pre-
existing illesses, cardiovascular diseases (n= 4293, 1LEL), over-
weight (0= 3,356, B1E, lung diseases (n = 2913, 7.9%), dubeles
melliug (no= 930, 2.5%), amd acquired immunodeficiencies
(o= 627, L.7%) were the modl commonly reparted ones [Table 3.
In Jess than ane year from its launch, the Volunteer Regisiry was
contacted more than 10 fimes 1o suppart identification al p.:ll'[iCi-
pants lar clinscal trials, with more than 15,000 valunteers matched
to clinical trials in Germany alone, The VAOCELERATE Volunteer
Registry will b launched in further countries and languages during
the coming months (Table 2, Fig. 20
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Table 2

VACCELERATE Voluseeor Registry Cousery-Language Conrelation

Yocome 40 (2022) 40504097

Countey AT BEY <y (v

Lnguage

o

R HU IE i IT LT

N NO T sV EL

Arabi

Caxh X

Durch” L

English x x X X

Erench” X
Gonman x
Greck x
Hebrew”
Hungonon®
kish Gaeli
kakan
Lithuassan
Norwegan
Bokmal
Polish
Pomugeese
Rassaan®
Spanish
Swedish
Turksh x

* Coumtry or lingeage 1o he activited
AT, Austria, B, B
Norway, PT, Portugal; SV. Sweden, TR, Turkey

wium; CY. Cypeus; CZ, Caechia; DE, Germ,

vy, ES, Spaen; GR, Ceoece, HU, Hungary, [E kefand, IL Israel, IT. Taly, LT, Lthsania NL Necherlands, NO,

P
e
-
-
< ® Activated registries =t \_ ™~
f i ivati ¢ —
# Registry in activation process {
© Cooperating registries \ 4 3 4
Swed oS | No registry \
Fig 2. Current Implemestation of the VACTELERATE \'olusteer Registry Achve rigbimnes: Awseria, Cpgows, Cormany, Gronce, Mefond Jraly, Lichaasa, Nonway, Fornugal Spais,

Sweden, and Turkey, Regisinies m octivadisn process. Bepum, Coech Repablic, Hugary, biroel and the Netherlands, Cosperanng regsiries France: Ne regsiry. Denmark, Polang,

Sertva, Slovakio, atd Swezzerfond
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Fig. 3. Current Ceographical Dustribution of Volunteers in Germany Hest map of the valsstoer dsmritunioo e Cermany. Coliurag aress represont ZWP-code reoons with ar kst ane
requerad volunteor. The darker the ored oA mone regirered valwsnaess thove are. In grey anxas, 1o voluntess are ragistered

ol

32, Develop of pr
in clinical trials

! and educ [ tools for vol (]

VACCELERATE is developing harmonssed promotional matenals
for the Volunteer Registry that can be adapted according to country
and language needs. Promotional and educational material targets
various populatzons, such as children and the elderty as well as
‘hard-to-reach (HTRY populations that are largely underrepre-
sented in clinical trials, like migrants or national minorities using
languages didferent from the prevailing national language.

Promotional materials include brochures, content for social
media and flyers. All materials will be freely available to the scien-
nfic community and industry, as well as to the general public via
relevant traditional media (newspapers, radse stations, television

4005

channels), public health authorties, patient advocacy groups, sci-
entilic associations and soceties, VACCELERATE social media chan-
nels (Linkedln® and Twitter”), websites, and additional other
stakebolder organisations both at a natenal [via NC) and pan-
European level. NC will take the lead in advertising campaigns pro-
moting national versions of the VACCELERATE Volunteer Registry,
and with minor adaptatiens te match local requirements and
needs. Lessons leamed and best practice madels of successlul cam-
paigns wall be shared among NC.

Entsties outside VACCELERATE were consulted to aptimise pro-
motional eflorts. The European Patients” Academy on Therapeutic
Innovation foundation (EUPATI) (23| was contacted 1o explore
potential synergies, specifically with regards 1o patient engage-
ment and p. ol the Vol Registry. Think Young, |24)
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Tabile %
Descripnon of the VACCELERATE Velunreer Regsory Pami igans
Children Adulrs Tatal
&= 31576] (= 3XTIT} (= 366931
L] I n X ] X
oy
Genmany 1897 .0 31,546 6.4 15443 966
Beland &2 LB B3 o krd i)
Cyprus 1 al 153 05 I55 04
Ausimia E 0z 122 o4 130 04
Greeoe (] an b 10w T {10
Spain (] an £} 8} a0 18]
Swaeileit (] an 41 18] 41 ol
Famugal 4 al Fd 18] 15 ol
Morsay o on n 18] 12 ol
Turkey o on 14 16} 4 [1Te]
Ialy ] on ] 16} 7 [1Te]
Lithumia o an T 0 7 [1Te)
Age [years], meedian [IQR] |rasge] 9 [5-14), [0-17] A0 [30-57), | 1B-95] 38 [15-52), |0-95]
Chaldren
0-dq 496 s a 0 296 x5
a-11 654 416 a 0 654 416
§2-17 i428 15.9 1] [1u} 1426 359
Aduhs
13-29 (1] on TaEs PR | 7565 231
30-30 (1] on E195 50 3195 2510
4049 o on [ricy| (LA ] 261 191
50-59 o ap 5135 195 G385 195
[ ] o an 3%l a3 3101 93
To-T9 o an T ) a0 L)
A0-BD o an 135 o4 135 04
= o o an 15 0 i5 [1Te)
Gomader
Female igvs 47.2 711 513 i =a7 51.7
Blale 2090 ElE 15,512 474 17603 480
Diverse i 0z b 03 104 &}
Frevioes OOVED- 19 infecrion o] L7 1573 43 1647 45
Bamber of COVID-19 dases
Mane reparted J8EE 9B i) a5 0537 LER
A beast 1 18 a5 1253 EE 1271 15
A beast I (=] 1.5 056 93 ille a5
A beast ¥ i 03 [c:1H 53 1606 45
Ar beast & o an b 10w rE] {10
Undeglying condinsg
Candssvascular diseases 3 al 4231 (kR 48
Oaserwe b a 0z 3348 2 3356
Lung diseases 165 41 1748 24 2013
Diabeeres melling 7 04 a1l 23 930
Aciuired imm unddefic cacees 5 al 611 (] 627
HRV o an i [} a7
Cances [accive pevious last I years) 5 ol 53 (K] 363
Liwer decases o an 196G [1cY 195
CRaanic hegatins B o C o an (= 10w BE
Benal discases in a5 193 [1cY 2%
Epilegay 33 L8] 172 a5 204
Bdental illness il 1.5 1733 53 1784
Gentraliesimal illngsses 2 0z m 03 2E2
Blusculeskelera gysrem illnesses 2 0z 13 (5] EFa
Orher diseases 555 14.0 E0Qd 5 83579
Clmrent of capedmed breastfeeding ] an 1265 EL) 1265
Fregnancy ] an Hs5 12 3BE
Hesneay of SITole o an 173 05 ITE
CBwramosoimal anomalies (e.g, wisesy 210 i 0B o i Te] 30
Fadlure so thrive 4 04 a 0 14
Undelying chesmaralogical e ase 4 04 a 0 14
Congenital immunoden ciescies a oz o i Te] a
Congenital metabolic disoader [ oz o i Te] [
Ciysti: fibrasis 4 al 1] [1e} 4
Hypoxic Brain damage 4 ol 1] {16} 4
Orher diseases 475 1.9 &3dl n.a s
By pre-gnisting dise ke 3141 a0 13,551 567 21,003 501

COVID- 19, comonavins discase 2019; HIV, humas senusedeficiency visus; DR, intenquasmde range.

a nat-for-prafit organisation [MFPO), was consulted with regardsta  and increase knowledge and b) stralegies [0 improve Jwarensss
a) approaches tangeting adolescents and young adults, ey, educa-  of, provide access te, and improve quality of infarmation on vacei-
tsanal and informational material to minimise information gaps  nalion processes and participation in elinical rrials lar the general
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pulslic. Local entities were involved 13 needed [ promote [he VAC-
CELERATE Valunteer Regictry. |25] The Eurapean Patients Farum
[EPF) wias inwited 1o shase the perspective af EU patient advocacy
proups aned 1o discuss per-country requirements, challenges, and
commonalities of particpating in the Velunteer Registry. |26).

23 Valudeer Registry provmotion among widerservedTand-ro-réeach
Lroups

In arfder 1o overcome the traditional underfepresentation of
underserved or HTR communitses in clinical trials, such as subjects
affected by various forms of immunoduppression both on an
organic and latrogenic basis, institutionalized elderly papulations,
pregoant women, or extrerms age groups, understanding country-
specific barriers must come first. ldentifying the reasond for poor
participation will aid to develop suitable methods and to increase
aceess and engagement, while premoting the Volunteer Registry,
The VACCELERATE Volunteer Registry group will investigate the
aceeis mechanisms of underserved |HTR groups to climical traals
participation, seeking out previous experiences by local authori-
thes, MFPOS, and ather relevant organdsations.

4. Qutlook

Wi aim lar the VACCELERATE Valunteer Registry 1o became a
powerlul ool across Eurape and act a3 a central hub for clinical -
als, bringing together pofential volunteers with eniities managing
and perlarming climcal triale, wath the ultimate goal of Cast-
tracking the process of vaccine development and implementation
at the pan-Eurapean level
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BMEFD1EX2040. The VACCELERATE Valunteer Registey, Le., reg-
iarries outdide Germany, has received funding from the European
Union's Horteon 2020 redearch and innovation programme [grant
agreement Mo 101037867].

Declaration of Competing Interest

The authars cleclare that I:|IE_I|I have no kawn {ﬂl.‘flpl!"l":il.'ls liman-
cial interests of personal relafonships that could have appeared
o pnlluence the work reported in this paper.

Relerences

1] Weald Heaeh Organization. Preumonia of unksswn cause wssw shoing
oo 05 ey - 02 0- et oo f- i Bwini-ca e - hinajen | | Lkt
accessed December 1, 30210

[Z] Mabuise E. Caw aHO deckanes pandems: be s of “daremeg leves” af
spnead, 1i1] nacrics BM| 2000, 368 mi 036

4047

Wosciie 40 (2023} 40504007

|3] Bmopedm Centre for Disease Prevention asd Costrol. Why i pasdemic

I:rcpaudnm planning  impertam’?  weew ecdceuropa calen seasanal -
nu¢||:|:a,||.|r4putd.uo:s,lm-pand-:uun:-prcpxrdun—u [Lasr accessed

Do cemdser 3, 20207

|4] Mabsre. Has COVID asght us anything abour pandemic preparedness?
AW ATU TeComn)ar ickes 04 158600 1 002 1 7y {Last accessed Movember 39,
217

|5] Shapea U, Kajita GR, Aresten [H, Tosrer ¥. Toward Beter pregaredness for s
nexl pandemic. | Clin Invest 2020, 1 300454345,

|6] Baker BE, Ma A5, Miller IF, Rajees b, Rasasiba

disease i of global chasge. M

wa F, Rice BL, e al
v Marobisl H032;20

5. Boadenap Tor e
frastrucnare. Vo

E U-Risganse Inw:iug:mn aroey, Diallo A, Troscid M, Simessen W, Boston A,
Demotes |, et al. Accelesating clinical crial implessentanion i e connest of tee
COVID-19 pasdemic challenges, lissons leansed and secommendarsons fiom
DisCin'eie Ry v 1iex ELI-Soladfect ELY res poscse grodip. Clin Micrabiol Bafecr 2021,
Caanmuzai ¥, Felisi M, Bonifaz [, Devlieger H, Faganikolas G, Ragab L et al.
Eshical and procedural Ssues for applying rescarcher-driven mult-natiosal
pasdsarric <linical ials in and outside the European Union: the n:halr:nm
experience of the DEEP project. BMC Med Erhics 20203201, himps Mdoiorg]
L0 VR B30 )02 ]-00888-3

12]

|10 Mgz &, beemses VI, Calvi G, Celetkowd B, Dale O, Demiov R, ot al. European
SEVEY o n.lmual waunmn in clinkcal rﬁﬁn.'h Learn Hiealch Sysn
2021521 H '

|11 Lyzhgoe WP, Middleos F. cnmpar.mnu:m'ln.ln Vaccing Approvals ar e
US Food and Deug Administrarsen, Eurogean Medicines Agency, and Health
jrie Iurp il orgl

Canada Herw Dpcn Ililll A 2114531

PH. Oliss P S E e
il mesources. Ball Weald

|03) Centers for Dsease Cantrol and Frevention Yaccine Testing and the Approval
Frecess  www.odcgovvaccinesbasics/iest-approve il [List  accessed
Movember 30, 2020

|0d) Eurogean Yaccination Inforsaran Pescal. .ﬁppmul of warcses in the
Eursgean ez W, vaccination cine-facrslapy
waCings-suropean-umeen [List aocessed December 2, 2021)

|15) ECRIN - European Clinical Research Infrasinscture Nelwork wiw oors org
[Lam accessid December 3, 70310

|16 VACCELERATE-EUWAP Baropeas Vaccine Tral Accelerasor Plafomm st
euvap e (Last accessed December |, 2021

|87) COMBACTE - Combarming anisrecrobial resistance wiw combacte.com) [ Lisz
accied Decemnier 2, 2020

| 18] OOWEREIWAL whaw covineivas & (Last aocessod December 1, 20210

|19] Chadhari M. Bawi B Gogray Mahyal, Thame UrmnilaM. Recruirssent and
retemtion of the participases in clinical wisls: Callenges and sobatioss.
Femspect Clin Res 3000, 1162064 hinpe el o) 1003 )0 ey PRCR 3106 19

|20] VACCELERATE-European  Corsna  Vaccine  Trial  Accelerator  Plaferm
www valcelerate ou (Last accessed Decesber 1, 20211

|121) Eurogean Comemizson. EU Health Emergency Pregaredness and Resposse
Authary  (HERA)  Incubabos  wWewrw o0 e p s Oomsessio n pressconser)
dirtailfensp_t1_4572 |List accessed Movessber 24, D021

|22) EL Gemaeral Dana Pronecran e palation (COPR) icps: | jear-lexeuropa ou)legal -
content) BN THT HTML Mai=C ELEX 0201 GROGTS-B01 GOS0 G Trom=EY [ Lasz
accimed Decemnler 15, 20211

|123) ELIPATI-Eurcpean Pamsents’ Academy on TRerapeuric Innovaion waw cugati.
e |Last accessed Decembser 2, 2020

|24) Think Yeusg wew shinkyoung.eu [Last acoessed Novesaber 30, 2021)

|25] vnguuun: F, Argyropouos €0, Haralasdous € Mikellidon O, Bowsas G,

ndiess M, e al. Impact assessment of COVID-19 nos-pharmaceutical

mREvenions in kg tem e Glines o l.‘g,lpnn Safiety improvemeas
sEranegy. Sal Sci D021 143105415,

|26) EFF - Eurcpean Patsenis' Fonsn wiwe.ei- p:mnrm[uﬂ accessed Movember
a0, D021

279



ANNEXES - COLLECTION OF AUTHOR"S PUBLISHED SCHOLARLY WORKS WITH
COMMENTARY

7.18 Annex 18

Argyropoulos CD, Leckler J, Salmanton-Garcia J, Constantinou M, Alexandrou A, The-
mistocleous S, Noula E, Shiamakkides G, Nearchou A, Stewart FA, Albus K, Koniordou
M, Kopsidas I, Spivak O, Hellemans M, Hendrickx G, Davis RJ, Azzini AM, Simon

PV, Carcas-Sansuan AJ, Askling HH, Vene S, Prellezo JB, Alvarez-Barco E, Macken

AJ, Di Marzo R, Luis C, Olesen OF, Frias Iniesta JA, Barta I, Téth K, Akova M, Bonten
MMJ, Cohen-Kandli M, Cox RJ, Souc¢kova L, Husa P, Jancoriene L, Launay O, Lundgren
J, Mallon P, Armeftis C, Marques L, Naucler P, Ochando J, Tacconelli E, van Damme

P, Zaoutis T, Hofstraat S, Bruijning-Verhagen P, Zeitlinger M, Cornely OA, Pana ZD
Enhancing Public Health Communication Regarding Vaccine Trials: Design and Develop-
ment of the Pan-European VACCELERATE Toolkit

JMIR Public Health Surveill 2023;9:e44491

doi: 10.2196/44491

Summary

Purpose:
The aim of this study was to design and develop a standardized communication toolkit to
improve public understanding of vaccine clinical trials and to enhance recruitment through
increased trust and awareness. The study addresses a critical barrier in clinical research—
low participation driven by misinformation, vaccine hesitancy, and lack of accessible, reli-
able information.

Methodology:

The study employed a theory-based, multidisciplinary design approach, grounded in Social
Cognitive Theory, to develop a set of harmonised educational and promotional tools tailored
to different population groups, including underserved populations. The toolkit was created
through a structured process involving content development, selection of trustworthy
sources, adaptation to national contexts, and production of diverse materials (e.g., videos,
brochures, digital content), ensuring accessibility, inclusiveness, and scalability across Eu-
rope.

Results:
The study resulted in the first pan-European, standardised set of communication tools for
vaccine clinical trials, including educational cards, videos, brochures, and interactive mate-
rials. These tools were translated into multiple languages and designed to address key con-
cerns such as safety, informed consent, and benefits/risks of participation, thereby improv-
ing public literacy and engagement with clinical research.

Conclusion:
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The VACCELERATE communication toolKkit represents an effective strategy to overcome
communication barriers and improve recruitment into clinical trials by enhancing trust and
understanding among the public. The study highlights the importance of structured, evi-
dence-based communication as a core component of NCCTs infrastructure and demonstrates
its role in increasing inclusivity and participation in European clinical research.
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Abstract

Background: The pan-Evropean VACCELERATE network aims to implement the first ransnational harmonkzed and sustainable
vaccine trial Volunteer Registry, being a single entry point for potential volunteess of large-scale vaccine trials across Ewrope.
This work exhibits a set of harmonized vaccine trlal-related educational and promotional tools for the general public. designed
and disseminated by the pan-Evropean VACCELERATE network.

Objective: This stisdy primarily almed to design and develop a standard toolkit to increase positive attitvdes and access o
trustwortly information for better access and increased recouitment to vaccine trials for the public. More specifically, the produced
tools are focused on inclusivensss amd equity, and are targeting different population groups. including underserved ones, as
potential volunteers for the VACCELERATE Volunteer Registry {older individuals, migrants. children, and adolescents). The
promotional and educational material 15 aligned with the main ohjectives of the Volunteer Registry o increase public literacy
and awareness regarding vaccine-related clinical research or trials and trial participation, including informed consent and legal
issues, side effects, and frequently asked questions regarding vaccine trial design.

Methods: Tools were developed per the aims and principles of the VACCELERATE project, focusing on irial inclusiveness
and equity, and are adjusted 1o local country-wise requirements to improve public health communication. The produced toals are
selected based on the cognitive theory, inclusiveness, and equity of differently aged and underrepresented groups. and standardized
materkal from several offickal trustworthy sources (eg, COVID-19 Vaccines Global Access: the European Centre for Disease
Prevention and Control; the Evropean Patients” Academy on Therapeutic Innovation; Gavi, the Vaccine Alliance; and the World
Health Organization). A team of multidisciplinary specialists {infectious diseases, vaccine research, medicine, and education)
edited and reviewed the subtitbes and scripts of the educational videos, extended brochures, interactive cards, and puzzles. Graphic
designers selected the color paletie, aedio settings, and dubking for the video story-tales and implemented QR codes.

Results: This study presents the first set of harmonized promoetional and educational materials and tools (le, educational cards,
educational and promotienal videos, extended brochures, flyers, posters, and puzzles) for vaccine clindceal research {eg, COVID-19
vaccines). These tools inform the public about possible benefits and disadvamages of trial participation and build confidence
among participants about the safety and efficacy of COVID-19 vaccines and the health care system. This material has been
translated into several languages and is intended to be freely and easily accessible to facilitate dissemination among
VACCELERATE network participant countries and the European and global sclentific, industrial, and public comimnity.

Conclusions:  The produced material could help fill knowledge gaps of health care personnel, providing the appropriate future
patient education for vaccine trials, and tackling vaccine hesitancy and parents” concerns for potential particigation of childeen
in vaccine trials.

(IMIR Public Healdh Survelll 2023::e44481) dod: 10219644451

KEYWORDS

vaccine trials; volunteer registry; educational material, promotional material; patient education; health communication; health
promotion; public health; COVID-19; coronavirus, SARS-CoV-2) pandemic; vaccine, vaccination; hesitancy. campaign:

misinformation
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Introduction Methods

VACCELERATE [1] & an independent, inmovative, and The development of the VACCELERATE educational and
transparent Pan-European academic network with the aim of  promotional  tools  incleded  the  following  steps: (1)

harmonizing  multinational  vaccine trial  initatives  and
conducting capacity mapping of vaccine clinical trials sites and
lahoratories with standardized methods and protocels across
Europe. The network identifies and provides access o
state-of-the-art vaccine trial sites to accelerate the development
of vaccines and recrult velunteers for vaccine trials through the
VACCELERATE Volunteer Reglstry [2].

The main goal of the VACCELERATE Volunteer Registry [2]
s to establish the first cansnational harmonized  orial
participation platform serving as single emry point for the
European region. The WVACCELERATE Volunteer Registry
12], under the mandate of the European Unicn's Health
Emergency Preparedness and Response Authoeity (HERA) [3],
provides a sustainable platform source for the recrultment of
potential wolunteers for clinical studies for the current
COVID-19 pandemic and future epidemics.

According to the literature, one of the main challenges of a
volunteer registry ks the registration of a large number of
potential trial participants with great diversity [4.5] and
dedication in order to be able to recruit and match suitable
candidates for the selected clinical trial. Therefore, a great
amount of effort is spent looking for strategies to improve
communicatbon [6] and convinee [7] potential vohimteers to take
part in vaccine trials.

The enrallment of volumeers in vaccine trials is also influenced
by factors such as complacency, conspiracy theories 8] on
social media regarding COVID-19, conventence and confidence
{the “Three Cs° model of wvaccine hesitancy) [7.9],
disinformation [10], fake news [11]. fear [12], and increasing
level of health misinformation [13-15]. The latter leads o an
infodenic [16] of misleading information with immediate effects
on public health. refusal, and vaccine hesitancy [9] for
participation in clinkcal trials [17,18]. It should be noted that
health misinformation is responsible for increased fear and lack
of trust, which are major factors for enrollment also in cancer
clinical trials [19-21]. Recently, Luis et al [22] reported that
there Is a lack of public information about COVID-19 vaccine
trials among several population groups (eg, minoritles and
underrepresented populations or individuals), while the available
tools for trial participation were also sparse.

The main purpose of this study is the design and development
of a standardized toolkit based on the Social Cognitive Theary
[23.24] to increase positive attiudes, access to trustworthy
information for better access and increased recruitment o
vaccine trials. Our secondary objective is to foster engagement
of the community through the VACCELERATE Volunteer
Registry and smart technology for participating in forthcoming
clinical irials [25-28]. The VACCELERATE ioolkit has been
translated into several languages and ls freely and easily
accessible to facilitate dissemination among the participating
countries of the VACCELERATE Consortium [1].
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concepiualization of the idea and context based on the selected
educational alms and objectives; (2) selection of targeted
population groups (eg, older individuals, children, adolescents,
and minorities): (3) prioritization of rustworthy sources and
wehsites for seeking information about COVID-19 vaccine
trials for the developed materials. (1) performing graphical
design {eg, visualization, audio, product, print, and animation
design); and (5) acquisition of a digital object identifier (DOL)
for each produced material from a DO registration agency.
Muore details on the developed tools are presented in the Reseults
section.

The context of the educational and promational tools was created
and reviewed by a group of experts in the field of infectious
diseases and vaccine and pedagogical research. Two graphic
designess developed and selected the appropriate coloe palatte
and audio (music, speaker voice, and dubbing) for the video
story-tales and they adapted the produced material into an
efficient pedagogical, attractive, and eye-catching way. The
developed wols were (1} lcons selated o the COAVID-19
pandemic (eg, use of a face mask, syringe, microscope, vaccine,
handwashing, virus, etc); (2} different versions of logotypes for
the VACCELERATE project; (3) typefaces: (1) samples of
fonts with different sizes; (5) color palettes [primary and
secondary colors): (6] imagery templates and guidelines for
social media (eg, Twitter and Instagram); (7] human characters
(e, medical staff, minorities, and abder individuals) as prototypes
for any future VACCELERATE promotional and or educational
material. Special attention was also paid to foster inclusiveness
amoag the characters (different age groups, different ethic and
other minority groups, citizens with disabilities, migrants, etc).
The provided twols also include QR codes with a URL. The
selected URL can he a wehsite (as shown on the
VACCELERATE website [20]) or selected animation videos
from trustworthy sources of information {eg, COVID-19
Vaccines Global Access [ie, COVAX]: the European Centre
for Disease Prevention and Control; the Ewropean Patients’
Academy on Therapewtic Innovation; the European Vaccine
Initkative; Gavi, the Vaccine Alliance; the United Nations
International Children's Emergency Fund; and the World Health
Organization).

In addition, the praduced puzzles test memory in a team-based
manner and help develop hand-eve coordination.

Finally, the developed tools have been designed in a such a way
that can be adjusted in accordance with local country-wise
requirements and requirements o bulld confidence among
participants about the safety and efficacy of COVID-19 vaccines
and the health care system, which is a key parameter to improve
recrultment among minority communities.
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of in bisildings with high visibility (eg, hospitals, universities,
Resuits malls, and public bulldings).
VACCELERATE Flyers VACCELERATE Extended Brochure (Booklet)

The flyers (see Multimedia Appendix 1) provide the appropriate
amount of information to the public regarding the registration
pracess and the VACCELERATE Molunteer Reglstry in general.
The flyvers are Ad-sized (20.7=43.18 cm) and include a shore
description of the VACCELERATE ‘Volunteer Registry
objectives and volunteer selection process. In addition, they
comtain the appropriate contact degails femail 10 and link {zlong
with a QR code) for registration in the Volunteer Registry [30].
The registration link directs the interested volunteer to a beief
survey [which takes 5-10 minutes to complete) that collects
coanprebensive information required for clinical trials. The flyer
Invites all citizens o reglster. Including those with prior
COVID-19 vaccination, with specific guestions regarding
COVID-19 infection, and the imvitations o eligible volunteers
for future vaccine rals will e sent out by the Coordination
Office of VACCELERATE (University Hospital Cologne,
Cologne, Germany). Finally, the flvers have been translated
inte 8 languages (Cypriot Greek, English, French, German,
Greek, Hebrew, lalian, Portuguese, and Spanksh).

VACCELERATE Posters

The developed posters (see Multimedia Appendix 1) are
Al-sized [84.121189 cm) and depict human characters (ie,
medical staff, minorities. and older individuals, among others)
and a QR code including a URL for the VACCELERATE
Volunteer Registry wehbsite [30], as well & catchy slogans such
as “Be the missing plece” and “Together we can tackle the
COVID-19 pandemic.” Finally, the posters have been translated
Inte 7 languages, namely English, French, German, Greek,
Hehbrew, lialian, and Spanish, in collaboration with individual
pastners and natkonal comrdinators of the VACCELERATE
Consortium. The promotion of the VACCELERATE Volunteer
Registry for participating in COVID-19 vaccine trials could be
achieved by affixing these prototype posters to a wall at sites

Tahle 1. Chamcieristics of interactive edecational cards.

The extended VACCELERATE brochure (see Multimedia
Appendix 1) comprises valuable information regarding the
VACCELERATE Volunteer Registry, such as “What is the
VACCELERATE Metwork,” the mission and objectives, the
current promotbon activities. the importance of registration, and
a description of the registration process. The brochure also
coains key information for the volunteers, such as the
possibility to withdraw their regisration at any time. Finally,
the extended brochure also incledes a QR code that directs the
Interested reader to the VACCELERATE “olumesr Fegistry
website [30] after scanning it with a smart device.

VACCELERATE Interactive Educational Cards

Thie educatbonal cards enhance general kowledge and address
the misinformation about COVID-19 vaccines, vaccine irials,
and COVID-19 waccination, as well as wvoluntary  trial
participation of children and adults. Each set of educational
cards represents an educational aim and comprises a specific
number of cards and target groups, as shown in Table 1.

‘The imteractive educational cards [(Multimedia Appendix 1)
have been prepared with the help of 2 graphic designers and
under  the guidance of a pedistrician  and  sevesal
VACCELERATE participants. The educational cards include
a QR code with a URL for promoting educational material on
the one side and additional text seript and characters on the
other. The URL can be & website (gg. the one showed on the
VACCELERATE wehsite [29]) or selected wvideos from
trustwarthy sources (eg, COVID-19 Vaccines Global Access
lie, COVAX], the Eurcpean Centre for Disease Prevention and
Control; the European Patients” Academy on Therapeutic
Innovation; the Eurogean Yaccine Initlative; Gavi, the Vaccine
Alliance; the United Matieas International Children's Emergency
Fund; and the World Health Organization) and produced
animation videos from VACCELERATE.

Sed Cards, n  Targed group Agm

L 25 Indivicluals aged =12 years Increase literacy ahmet vaccine trials, irial regisiries, participation i vaccine irials, and
paribcipant procedures in irials

2 10 Indivicluals aged =12 years Increase literacy ahoet COVIE 19 vaocination and messenger RNA vaccines

3 T Incivichials aged =12 years Incremse lieeracy ahowt vaccine manafachuring, the vaccine approval process, safety
manitaring, and awareness against vaccine misinformation

L] 1 Al individuals irespective of age Improve awareness and information about the VACCELERATE Volunieer Registry

§ 12 Al individuals irespeciive of age Increase lieracy abaut COVID- 19 vaccimation, expand awareness for OOV 19 vaccine
erquity, and wiliadanism

trials and to promote inclisiveness, The link o the produced
VACCELERATE Puzzles F

The VACCELERATE puzzles (Multimedia Appendix 1) were
develoged using graphic techaiques under the guidance of the
VACCELERATE participants, incleding a pediatrician, with
focus on younger children (aged <12 vears) in order to rakse
their awareness of clinkcal trials, vaccines. and participation in

hitgan sl bk i cng EEL 1 A 4401

puzzles is provided in Multimedia Appendix 1.

One of the developed puzzles comprises 25 pieces and depicts
avariety of human characters (ke, medical staff, minorities, older
individuals, and children, among others) obtained from the
VACCELERATE toolkit, including the appropriate link o the
VACCELERATE Volunteer Reglsiry [30]. The concept herein
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is to include as many human characters as possible to highlighe
the importance of Inclusiveness and diversity in vaccine trials,
especially for underserved population groups siech & ractal and
ethnic minerities and older individuals.

The ather 2 smaller puzzles (8 pieces each) were developed o
familiarize children with symbols and fcoas related to the
COVID-19 pandemic, as well as to understand and recognize
the effectiveness of vaccines in minimizing the risk of infection
and harmful effects of COVID-19.

VACCELERATE Animation Videns

Educational Videos {Adult and Pediatric)

The first produced educational vides (see Multimedia Appendix
1} was mainly focused on adults and designed using advanced
animation techniques, appropriate subtitles based on a
storyboard and educational aims, and audio settings (eg. music
and a speaker voice). In additon, the video included the
following sections: (1) highlight and increase information
regarding clinical trials and their necessity and wsefulness for
public health (eg, good clinical practices, vaccine trial phases
and monitoring, and applied safety protocols); (2) the
comtribistion of volunteers {ie, citizens, patient advocacy groups,
and underserved populations) to this effoert for capacity mapping
and bullding of reglsiries; and (3) volunteer safety, benefits,
amd any potential elsks during a clinical trial.

The second educational video (see Multimedia Appendix 1)
was mainly aimed at children and adolescents. Special attention
was given to contain informative ankmations while delivering
the learning aim and keeping each video segment short. The
produced video included the following sections: (1) provide
Iinformation about the significance of vaccine irials; (2] share
knowledge and information about the high value of vaccination
as the most powerful “weapon® to prevent morbidity and
mortality assoclated with infectious diseases; (3) acknowledge
the advancements in technology and safety procedures, which
have contribited significantly to the development, evaluation,
approval, and monitoring of safe awd effective vaccines; and
{4} highlight the comtribution and importance of pediatric
volunteers in vaccine clinical trials and ensure their safety and
the benefits and risks of participating in clinical trials.
Promotional Video

The promotional video (see Multimedia Appendix 1) presents
shart, recorded videos by the VACCELERATE work package
leaders and the National Coordinator's pictures 1o promote,
inform, and describe the VACCELERATE Volunteer Registry
through specific text scripts. The alm of the video ks the
Inclusiveness and representation of all participating Eurogean
Union coundries and European Unbon-associated countries of
the VACCELERATE Consortium. Currently, we have active
representation from 17 countries (Austria, Belgium, Cyprus,
Czech Republic, Germany, Greece, Ireland. Israel, lialy,
Hungary. Lithuanta, the Metherlands, Norway, Portugal, Spain,
Sweden, and Turkey) in the VACCELERATE ‘Volunteer
Reglstry.
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Discussion

Principal Findings

“This paper presents the first set of harmonkzed promotional and
educational tools of the VACCELERATE Wolunteer Registry
|2]. The produced material, based on the selected population
group. includes fiyers. posters, interactive educational cands,
puzzles, and animation videos. The tools can be downloaded
from the official website of VACCELERATE [29] and
appropriate references, based on their owm DOLs. 1t should be
noted that the provided educational material can be adopted o
the user needs and may also be used as base-prototypes for
further improvement and production of related tools.

Tir ensure high rates of vaccination in pogulations [31] and a
large number of participants in vaccine trials, it is necessary to
ensure effective, targeted. and trustworthy educational and
promational tesls regarding vaccines and vaccine trials,
guaranteeing high diversity and inclusiveness in vaccine trials
without undesrepresentation of minorities.

The developed standardized toolkit is one example of
informatkon from trustful sources that can be used against health
misinformation and disinformation. lack of trus, fear, and fake
news. Furthermare, it can be also used o increase literacy and
understanding of the imporance of vaccine clinical rials in the
general population as part of an emergency preparedness plan.

In addition, the promotional and edecational material will be
able to bridge the gap in public informatken (eg, communication
approach, target awdiences, and type of media produced)
regarding COVID-19 vacecine trials, which s covered in oaly
2.51% of the collected media and only in 4 languages (English,
French, German, and Czech) [22]. Another challenge is using
visual material and stories in order o infrm children about the
procedures, importance of, and volunteer participation in vaccine
trials and about vaccination.

Limitations

The impact and assessment of the promotional and educational
material are beyond the scope of this study. Nevertheless, we
are currently in the process of evaluating them fior vaccine trials
during this vear by another expert group WP} of the
VACCELERATE Consortium.

Conclusions

Communicating with trustworthy information to the public,
related to public health issues and vaceine research or trials,
constitutes the most important preventive strategy against

infectious diseases and threats of future emerging infection
diseases,

Future initiatives could imvolve further improvement of the
dissemination process for the developed tools in order o
Increase the number of volunteer registrations and in particular
among population groups, which remain underrepresented in
vaccine trials. Another initlative could be the design of an
Innevatbve video game [31,32] targeting iratning and educational
material for vaccine clinkeal trials, sddressing vaccine hesktancy
and refusal.
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Other prospective initiatives could be the conduct of studies  process and providing theim the approgeiate educational tools
based on citizen science methods (eg. community-based  for tackling current and future public health issees. Such actions
participatory  action research  [28]) for wvaccine research  will eventually contribute to reduce the knowledge gaps and
|23-27,33] and future epidemics by engapging community hesitancy regarding participation in vaccine trials inthe general
membess and service providers as pariners in the research  population.
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PMID: 39432252; PMCID: PMC11472137.

Summary

Purpose:

The aim of this study is to evaluate the optimal antiplatelet strategy in patients with acute
myocardial infarction complicated by cardiogenic shock, a population with extremely high
mortality and limited evidence-based therapeutic guidance. The study addresses the uncer-
tainty regarding the efficacy and safety of intravenous versus oral P2Y 12 inhibition in this
critically ill setting.

Methodology:

The study is designed as a multicentre, randomized, double-blind, placebo-controlled clini-
cal trial comparing intravenous cangrelor with crushed oral ticagrelor in approximately 550
patients across multiple European countries. The trial includes both clinical endpoints (e.g.,
mortality, myocardial infarction, stroke) and mechanistic laboratory endpoints assessing
platelet inhibition and pharmacodynamic response.

Results:

As a study protocol, the publication primarily defines a comprehensive methodological
framework, including clearly specified primary and secondary endpoints and detailed trial
procedures. It highlights expected challenges such as altered pharmacokinetics in cardio-
genic shock and the need for rapid and reliable platelet inhibition in this population.

Conclusion:

The DAPT-SHOCK-AMI trial represents the first randomized effort to directly compare
antiplatelet strategies in cardiogenic shock patients and aims to generate evidence to guide
clinical practice in this high-risk group. The study exemplifies how investigator-initiated
trials can address critical therapeutic gaps in acute cardiovascular care.
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ABSTRACT

Cardiogenic shock ((35) is a devastating and fatal complication of acute myocardial infarction (AMI). C5 can affece
the pharmacokinctics and pharmacodynamics of medscations. The unique propersics of cangrelor make it the optimal
P2Y,, mhibitor for C5-AMI, in torms of both officcy and safery. The DAPT-SHOCK-AMI trial ((linscalTrials.
gov: NCT03551964; EudraCT: 2018-002161-1%) will asscss the bencfits of camgrelor in paticnts with an inmial
C5-AMI undergoing primary angioplasty. This randomiscd, multicentre, placcho-controlled trnal of approximarcly
350 paticnts {with an allowed 10% increasc) m § coantrics wsing a dooble-blind design will compare mital P2Y,
inhibitor treatment stratogics in paticnts with C5-AMI of [A) intravenous cangrebor and (B} scagrekor administered
ax crushed tablees at a loading dosc of 180 mg. The primary clinical cndpoint = a composite of all-canse death,
myocardial infarction (M), or stroke within 30 days. The main sccondary endpoints arc (1) the net dinical endpont,
dcfincd as death, M, urgent revascularsation of the infarce-related artery, stroke, or major bleoding as defined by
the Blooding Academic Rescarch Consortium crigeria; (2) cardiovascolar-related death, M1, wrgent rovascolarisation,
or heart failare; {3) heart failorc; and (4} cardsovascalar-related death, all (1-4) within 1 year after study corolment.
A pl:.lﬂctr\cacﬁvi.t}- mﬂyﬂutmﬁ:hbmnm:nﬁpjnﬂrtllcn:ﬁho\fcmgrﬂu; when g"rcn'm addition &
standard anmplatcles therapy, will be conducted using vasodilator-stimulated. phosphoprotein phosphorylason, The
primary laboratory endpeints arc the perniproccdural rate of onsct and the propertion of patients who achicwe
cffective P2Y, inhibison. The DAPT-SHOCK-AMI study is the fist randomiscd erial to cvaluate the boncfits of
cangrehor in pationts wath CS-AMIL

KEYWORDS: adjunctive phamacotherapy; camflogenic shock:; clinlcal irals; STEMI
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1310

The estimated global annual madence of acute myocardial
mfarction |AMD exceeds 7 millbion®. The average madence
of cardingenic shock (CS5) in patients hospitalised for AMI
TCS-AMI) s a'p'[wnxlmafeh’ T5%E5 Most C5-AMI cazes
have ST-segment elevation M1 (STEMI)'. An analysis based
on extensive US populaton data (from 1,000 hospitals)
documented 44 C5-AMI cases per 100,000 hospitalsations in
2004 and 103 per 100,06} hospatalisanons i 2018°

The incidence of €% developing during hospitalisation has
been decreasing (currently 3.5%), whereas the incadence of
initial (primary) shock has been stable or increasing (currently
4.46'% . Furthermore, there has been an upward trend in
preadmission cardiac arrests in patients with C5-AMIE.

PHARMACOTHERAFY-RELATED SPECIFICS

4% can affect all aspecs of drug pharmacokmencs and
pharmacodynamics™. The splanchnie circolation 15 hypo-
FII.'rfIJ!I':d "lLEﬂlJm ':lf mm*l'«'u VASCHC OISO, whll.'h L] I:l.ntl'ur
potennated during treatment with vasopressor agents — the
COMSEOUENE lsl.'hﬂﬂr.ﬂ.lﬂ ““ulu (U] ||1-1r:r :ll.'ld ll:ldrll.':f d}"t‘urﬁ._hlm.
The preferred mode of drug administration 15 parenteral, and
drugs that do not undergn metabolsm are favoured.

In patients  wath C5-AMI, metabolism
predectable, which can result in potentially srous adverse
evenes dl.u' e DVEMCXpOsIDE or u“dl.'ml'mm b acove
ingredients”. Antithrombote medications are associated with
a risk of hleeding; therefore, drugs with a rapid offset of action
and antidotes are particularly beneficaal.

becomes  less

EVIDENCE FOR SURYIVAL BEMEFIT

Despite advances in medical treatmene, reperfusion  using
primary percutanecus coronary mtervention (PCI) remams the
only intervention that mmproves the prognosis of patienes with
CH-AMP Ap essential component of mechanical reperfusion
in AMI 15 adjuvant antithrombone pharmacotherapy, which is
critical in preventing local thrombus progresson and distant
embahisation.

ANTIPLATELET THERAPY

Dual antiplatelet therapy wsmg the newer oral P2Y|) receptor
mhibitars 1P2Y ), Le, beagrelor or prasugrel, m combination
with asparin, 15 recommended m patients with AMI undergong
PCI bhased on the results of the TRITOR-TIMI 35 (A
Comparnsan of Prasugrel and Clopidogrel an Acate Coronary
Syndrome Subjects Who Are to Undergo Percutaneous Coronary
Interventon)™ and PLATO (A Comparson of Twagrebor and
Clopdogrel i Panents With  Acute Coronary  Syndrome|
randomsed tnals. However, U3 was an exclusion critenon in the
TRITOM study, and in the ncagrelor arm of the FLATO study,
only 15 pateents (0.7% | suffered from (5.

Abbreviations
AMI acute myocardial infarction
43 candingesic shack

DAPT-SHOCK-AMI Dual Antipletelet Therapy Far Shock Petients With Acute
Myocardeal Infarction

Euralnbervesbion 2024, 20-21308-21318 » Zuzana Motowska et ai.

AMI who survive until hospital admission®. The in-hospatal
muortality rate of patents suffering from primary C5 at
admission s 44.4%°, and 20% of the deaths oocur durning
the mamal POl procedure'. Charactenstics including older
age, multivessel coronary artery  dusease, increased bme
between symptom onset and reperfusion, and postprocedural
Thrombolysis in Myocardaal Infarction (TIMI) flow <3 were
wentified as independent predictors of death in patients
with CS-AMIY. Rapid and effective platelet inhibitson can
masdify two of the prognosis predsctors in G5 patents wath
the hghest thrombotic nisk, e, ome untl reperfusion and
angoplasty sutcomes {Figure 1)

The efficient inhibinon of p|a.be|r:|.' agpregation 1s essential
for preventing ischaemic events. The short-term sk of
reinfarction 15 3-4 times higher [$-12%} in panents with
4. Addetionally, C8 s the strongest independent predictor
of stent thromboss'™. lschaemic stroke ooours o 2.47%
of patients with % this number nses for more invasive
circulatory stabilisation methods™.

Patients with C5-AMI are also ar risk of severe bleeding.
Typically, bleeding occurs m 1 out of 5 CS-AMI cases durnng
early hospatalisation®®.

Cangrelor 15 the best studied (P2Y || with a parenteral mode
of applcation (Table 1). The effective mhibetion of adenosine
diphosphate  [ADPl-mndoced  plateler  aggregamon
1 manutes after inmiating treatment, and the anoplateles effect
15 mamtamed throughout the infusion period'™. Cangrelor
metabolism 15 independent of splanchnic organ funchion
and does not affect lver eq'lzg.'m-e-:rnutnl'l-:|||s|.'rl rlrugs. Platelet
aggregation 15 restored  approcamately 60 minutes  afrer
stopping the administration of the drug'®.

Cangrelor therapy imitiated concomitantly with crushed
trcagrelor tablets in patients with STEMI undergoing primary
PCI results in prompt and potent platelet inkubition during
the intervention; additsonally, cangrelor therapy bndges
the gap until the full antplateler efficacy of peagrelor s
achieved™.

ocours

The umgue pharmacokmnetic and pharmacodynamic
properties of cangrelor make i the optimal WP2Y for
C5%AMI in terms of efficacy and safety. The degree
trwhich aF2Y ADP-mediated  platelet
function depends on the potency of the antiplatelet
drug and the bascline (hefore treatment) prothrombaobc
condition; this 15 most pronounced in STEMI patients.
A berter understanding of the relatonship  berween
study medication-related  platelet reactvity  inhibition
[rhru:-ugh quanfl:l:luzrl-:m of the rate of onset and intenssty
of inhibition during the pen-PCL peniod) and  clinical
outcomes in one trial may contribute to developing more
effective and safer treatment strategies®!.

SUpPresses

iP2Y, 2%, racaptar inhibitars
PCl pescataneaus caranary imtenention

VASP vaspdiatoe-stimuleted phosphopeotes
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DAPT-SHOCK-AMI trial

STUDY INTERVENTION
Am &
STANDSRD THERAPY |
AmE Ticagralar (120 mg)*

i C J '

u e
Admissicn 14 dirse of andplatelet drug
0 24/7 PCl cantre

Effactive platelet irhibition [ |

Figure 1. Benefits of the tested study therapry (study ratorale). The first arrowe indicates CS-AMI pasienss” admission fo a 247

PCI cemtre, usually directly to the catheterismtion leboratory. The upper part of th

Al s

cmmgrelor [V farm

teeuny effective plitelet mbubitton vmerediately ajter mitietion of therapy (large on.

pwere shroe = faatteris ry mdonnsed o

age Bar), frrespective

of comscins state and oral mitake sbifity. The baver part shons patients assigned to amn B and treated wath ticagrelon Patients
who are able to toke ticagrelor orally (second erroer) achieve effective platelet onlribation after bours medinom orange bar).

Patiemts seutl nepaired comscinisness canen! receive fie

the catheterisatioa Inhoratory; third arre), wivich repe

orange har), The ouser of

admianistered. *Patients it
TV mitrarreroers; PCT: percatmnenns coromary mitervernion

Table 1. P2Y,, receptor inhibitors.

Tclapidme Thieraayridine Indrect
Clapidogrel Thieranyridine Indirect
Prasugred Thieranyridine Indirect
W icdba TP arshogue Direct
Cangrelor ATP aralogue Direct

ATP: agenosing triphosphate; BID: bwice a day; G0 once a day

Study design

STUDY DBJECTIVES

The Dual Antiplatelet Therapy For Shock Patents With Acute
Myocardeal Infarction trial (DAPT-SHOCK-AME; ChnicalTnals.
pov: NCTO3551%4, Protecol  numbers:  13062017-23-1,
FudraCT: X01K-002161-1% = a double-blmd, multicentre,
intermatwmal, placebo-controlled tral testing the hypothesis
that intravenous uang:r\e]nr 15 fal maore effectrve n ferms of s
rate of onset and the proportion of patents achieving effective
periprocedural inhibmon of ADP-mdoced plateler aggregation
and (b ar beast as effective as the recommended treatment of aral
{erushed) tcagrelor m reducing maper cardiovascular events in
patients with mitial C5-AMI indicated for pnmary PCL strategy.

STUDY POPULATION

The study population will e comprised of patients who meet
the mclusion criteria, defined as folbows: (1) over 18 years
of age; [2) AMI .Il.'l.'nnhng to the ESCIACCIAHA defimbion®
with an indication for emergency FCL {primary PCL strategyl;
(31 C5% due o an AMI present upon admussion meeting at
least 2 of the following criteria®: [a) systolic blood pressure
<30 mmHg in the absence of hypovolaemua, (b)) need for

elor sl after onroducing the rasogastric fube (often after arriving af
ents a frerther delay in the onset of ticagrelor antaplatelet effacacy (small
ective b it of plateler resctivty fexpressed by colorr fill] depends on the antplareler drg
impraired conscimesress. C8-AMI: cardiogenic shock complicated acute nrppcardial infarctioan

Oral
Mo Oral
Mo Oral
s
Thalf-life 6-12 hr) Oral BID
es Continuaus
thalf-life 3 miri Parenteral e

wvasopressor andfor motropec therapy, and (¢} signs of organ
hypoperfusion  {cyanosis, cold  extremines,
consciousness, or keart falure); (4} mgnﬂl mformed consent
form as per the applicable legal regulations and regulatory
authority requirements; and [5) women with childbearing
potential should avead pregnancy and wse a highly effective
method of contraception  throughout the sudy  penod
irelevant for |nng-fﬂr.r|. use of I:n:lpnlm'].

The exclusion crteria are presented in Supplementary Table 1.

RANDOMISATION

The patients are randomised in a 1:1 ratio vang random
pnn'nutnd blocks, stratified h:f s:ud}' centre. Randomisation
15 performed wsing an  interactive  web-response  system
developed by the Instimure of Bustatisncs and  Analyses,
Faculty of Medicie, Masaryk University, Crech Republec on
the base of the TnallMB system.

STUDY MEDICATION

The patients are randomised into one of fwo trearment
arms (Figure 2} according to the study mtervention: arm A:
cangrelor versus arm B ticagrelor.
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Ticagrelor

o g I : ;
Eilml  Canrebr-glaceio |
§ Ticagrelor- ica [ TeFT |
E % placaba lmm* — .
w >
Day 2
[ | 1 1
I —1 T 1
Dayl Dy 7 Diay 30 I year

Figure 2. Sty design. Sty imtimtioor showld be as soon as possible after adonssion to the bospital, “Stiedy medication

acimainistered

.’d?.':ull.l.ll.'rhlllﬂ'lll.

fr addition to nitial aspirm [V

admimstered 30 minmtes before the end of the infusion.
day 3025 days, 1 year+14 days. Ticagrelor was in cry

Visits: day 7 after

eshed form. DAPT consists of a P2Y,| inbuiitor plis aspirin,

DAFT: dual amtiplatelet theragry; 1V inravencons; LD loading dose

Patients i arm A will receve the active study medscation,
cangrelor, as an ntravenous (IV) bolus of 30 pgkg
{application <1 min} followed immediately by a continuous
mfusion ar 4 pghkg. Thirey minutes before the end of the
cangrelor infusion, 180 mg of ncagrelor |crushed tables)
will be administered, followed by a maintenance dose of
9} my every 12 hours {Supplementary Figure 1)

In arm B of the study, the patients will receve 180 mg
of crushed ncagrelor tablets orally as the loading dose, and
thereafter a mamtenance dose of 90 mg twice daily, as per
the guidelines. The placebo dosage, forms, and methods of
administration  (cangrebor-placebs and  ticagrelor-placebo)
are wdentical to those of ther respective achve substance
(cangrebor  and  ticagrelor). Thus, the cangrelor- and
tscagrelor-placebo treatments will be admmistered in the
same way as the IV cangrelor and oral ticagrelor |as crushed
tahlets), respectively.

Randomisation and inrtiation of the study medicanon
administration of both compared study arms should be
performed immediately |at the earlest possible time| after the
patient’s admussion to the 247 PCL centre, which is usually

the catheterisation laboratory.

CONCOMITANT THERAPY

The antiplatelet therapy vsed in this study 15 P2Y,, which
will be admmistered in addion to an intial aspern dose
of 500 mg IV, followed by 100 mg of aspinn as a daily
oral dose. Proton pump inhibitors are recommended to
prevent gastroantestinal  bleeding. The administration  of
other standard-care therapies, mcluding addinonal adjovant
antithrombotc therapy (eg., a baibout glveoproten [GF]
Ibillla inhibitor and parenteral annthromban drugs} and
mechanical errculatory support, will be left to the discretion
of the attending physcian.

STUDY FOLLOW-UF

Patients enrolled in the study wall be followed for 12 months.
A summary of the ming of the visits and examenatsons that
will be performed s presented in Table 2. Recommendations

Euralnbervention 2024;20.-21308-21318 » Zuzana Motowska et ai.

regarding treatment durmng the follow-up penod, including
dual antiplatelet therapy, will adhere o the appropriate

H‘I.I.1d|.'|.1|'|l.'!.

CLIMICAL ENDPOINTS

The primary endpomnt 15 defived as a composie of death,
myocardial mfarction, or stroke 30 days after enrolment
into the study. The secumd.lq' undpnl:rm: are summarised in
Supplementary Table 2. Other goals mclude conducting a cost-
effectiveness analysis and a magnetic resonance imaging

substudy of the predefined endpoints.

PLATELET REACTIVITY STUDY

Patients who meet the enrolment criteria and are randomised
at the § selected centres will be eligible for the platelet
reactivity study. The laboratory anmplateler effectiveness
of the cangrelor and pcagrelor loading  dose-based ininal
F2Y | seraregies will be determined by vasodilater-stomulated
phosphoprotein (VASP|  phosphorylation using  flow
cytometry, which s the most specific method for wenifying
and quantifying the effectiveness of IP2Y |, and 15 associated
with clinscal outcomes. The determanations wall be performed
by an accredited facility using standardised sampling kits and
protocels specified by the manufacturer. The design of the
laboratory study s ellustrated ;o Figure 3. The tests wall be
carried out as follows: before inmiating treatment with the
antiplatelet study drogs, vpon completion of the coronary
intervention procedure, 1 hr after PCL 1 hes after PCL at
the end of the cangrebor infusion, 1 hr after the end of the
infusion, and 2 hrs after the end of the mfusion. The primary
laboratory endpaint will be assessed ar the second and third
VASP examinations. Monitoring platelet function dynamics
after the intervention will provide important insights into the
study = testing a strategy of combined intravenous and oral
treatment with P2Y | inhibators.

SAMPLE SIZE
This study was ininally designed to include 304 panents.
Huowever, since the begmnning of the study, there has been
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Table 2. Scheduled visits during the 1-year study follow-up.

Randomisation
Visit 1

Clinical condition X
ECE X
Echacardiagrapby X
MR

HLabaratory sampling e

Ouestionnaire on quality of life [EurcCol a0y

*MR| substudy - in selected centres. Laborstory examination irvolwes
the determination of VASP phosphorylation via flow cytometry

DAPT-SHOCK-AMI trizl

Year 1x14 days
Visit 4

k. X X
kS X X
£ X ks
i X X
u w T
. X X

the following: ‘examination of the effectiveness of antiplatelet therspy by

in s=lpcied centres; 'hazmaﬂnlngi:al and biochemical blood bests

ECG: electrocardicgram: MR- magnelic resanance imaging; YASP: vasodilator-stimulated phesphoprotein

5

ARME

Cangrelor - nfusien

1 hour
after PLI

RANDCWISENON | [ AR A | |

2 hours Lhour fter | 2 hours after
L] ] [T _
WHEP L WASF 2 VRSP 3 WP 4 WSP S VRSP B WASP T

Figure 3. Platelet reactreaty study design. Toring of VASP evalvations: VASP 1 - baseline (hefore study treatment admimistratioo),
VASE 2 — ar tive ennd of the PCI procedure, VASP 3 - 1 bowr after PCE, VASP 4 = 2 bosrs after PCIL VASP § - the end of the
cangretor ifusion, VASFP & - 1 bour after the end of the orfusion, ard VASP 7 = 2 bowrs after the end of the infirsion,

PCI: pereutanenies coronary intervention; VASP: vasndilator-stinnlated phosphboprotein

a substantial amount of new evidence to consder when
caleulating study population sizes. The power analysis was
computed for the superonty and non-infeniority scenarios
under the assumption of primary endpomt occurrences 10
previous studies and registres, as presented m Supplementary
Table 3.

The null hypothess for the primary clinical endpoine was
the equality of event rates, and the alternanve hypothesss was
the inequality of event rates between the analysed groups.
Based om an expected event rate of 50% in the contrel group
versus 38% i the cangrebor group, a required power of B0%,
and a 2-sided stanstncal sigmificance level of 5%, 536 patients
would be needed o detect a 12% difference hetween groups
and repect the null hypothesis. Allowing for 2 3% dropout
rate, 550 patents should ke enrolled m the smd}' |writh
a permutted 10% increase). The dropout rate s based on
several clinical studies.

Based on an expected event rate of 50% i the control
group versus 40% m the cangrelor group (difference
10%], a non-inferionity margin of 1%, a reguired power
of 80%, and a 2-aded statistical :ngmf'u.'a mce level of 5%,
504 paments would be required to accept the addstianal
non-inferiorsty hypothess.

A power analysis for the platelet reactivity study, with the
endpoint of effective inhibation of the plateler VASE «50%,
was computed for supenonty, requiring a power of B0%
and a }-mded statistical significance level of 5%. The null
hypusthesis bor this endpomt was the equality of event rates,
whereas, for the alternative hypothesis, it was the inequaliny
of event rates hetween the analysed groups. Based on an
expected event rate of 70% in the control group versus 90%
in the cangrebor group, 124 patients wall be required to
detect a 20% difference hetween groups and reject the null
hypusthesis. The required sample size falls within the practical
limits of VASF measuremnents, which is approximately 150,

The power analyss was computed wsing the PASS 13
softweare |2014 [NOSS, LLC)).

STATISTICAL AMALYSES

Stamistical analyses wall be performed using the SP5%
Statistics software, verson 28.0.1.1 |[BM}. The a.na|}'sr:s
will be performed wsing an intention-to-trear principle
supplemented by a modified intention-to-trear prnciple,
which only mcludes patients who receive a dose of the smady
drug. A sensitivity analysis according to the per-protocol
papualation will also be performed.
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Standard descripoive statistics will be calculated in the
analysis, 1.e., absolute and relative frequencees for categonical
variables, and medians supplemented with 595" percentiles
or means  supplemented  wiath  standard  deviations  for
continuous variables. The chesquare test will be used to
test the statistical sigmficance of differences in the primary
endpoint and all other categorical varnables, and the Mann-
Whitmey U test will be used for comtinuous variahles.

Univariate and multivariate bogisoc regression or Cox
pnl]um'tunul hazards models wall be used as additional
a:rul\_.-m of the influence of patient charactenistics on the
endpoint occurrence, and the Kaplan-Meser mechodology wall
be adopted to visualise ime-to-event data.

The level of statistcal significance will be set at pe{.05.
All the statistical analyses will be performed according
to the U5 Food and Drug Adminmistranon Guidance
Document “E¥9 Statistical Princples for Chnical Trals™
(FDA-1997-D-050E).

STUDY ORGANISATION

This study is 2 non-commercial, investigator-initiated study,
and it is an international project thar will be implemented
by teams of inwestigators in 5 countries (the Czech Repuhblic,
France, Germany, Poland, and the Slovak Republc). It adheres
to the ethical principles of the Declaration of Helsinki, the
International Conference on Harmonization of Good Clinical
Practice [R2), and all other applcable legal and regulatory
requirements, mncludimg  the  General Data Protection
Regulation. The studys orgamsatonal structore  includes
executive, steering, and endpoint adjedication committees,
and a data safety monmornng  board.  External  clinical
research associate organisanons will monitor all entries in
the electromic case report forms and the completeness of the
source documentation.

The nstitutions” ethics committees will conduct 1_.-:a:r|.1_.-
audits of trial protocols and progress during the stady. The
auditing process is independent of both trial investgators and
trial sponsors.

Acute myocardial infarcion
causad
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Candiogesic shock
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Spleni
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ruied o Ehai
etabeim = Epaisl
beaet

The records of the procedural  findings, coronary
angiograms, and PCls will be submitted to the courdinating
centre, where they will be evaluated by an independent panel
of experts blinded to how medication was allocated within
the study.

The assessment of VASP phosphorylation, as part of the
platelet reactovaty study, wall be performed by an external
laboratory and personnel blinded o the allscanon of the
study medication. The labaratory will enter the resules directly
it a database that wall be maccessible to the mvestigators.

Discussion
The increasing average age of the global population and the
nzng incdence of coronary heart disease indicate that the
number of peaple at nsk of CSAMI 15 growme. However,
conducting randomised studies to assess treatments in patients
with 5 15 challenging. Circulatory instabality 15 wsually an
exclusion criterion for particspatson in clinscal trials attempting
to verify the benefits of anmthrombotic pharmacotherapaes's.
The currently available evidence is limited to thar from small
studies and registry data (Supplementary Table 3).

Minimising thrombatee rsk and restoring coronary blood
flow at the mecrocirculatory level s critical for reperfusion
and a hetter prognosis for CS5-AMI*. The safety and
efficacy of adjuvant combination antiplatebet therapy 1=
mainly determined by the selection of the optimal inhibitor
for ADP-induced plateler actvation to be used alongade
aspirin. Adding a therd antiplatebet drog, such as a GP IOk
lla inhibitor, to the combenason with aspirin and especally
the highly effective P2Y ;. ticagrelor, increases the rsk of
significant bleeding, thereby nullifying any potential benefis
in terms of patient outcomes®. Cangrelor, i addinon o all
the other advantages already mentoned for paoents with
C45-AMI, reduces the periprocedural need for bailout rescue
GP Ik inhibitors™,

The meoal PIY | mhibstor  treatment  strategy  wath
intravenous cangrelor s compared to the crushed tahlet
form of tcagrelor. This form of ncagrelor loading dose

Therapy gol @R
Eaip repafision of Randonized
LBy mecircialion milliceine
interalional
by b8 ird
plac - cantralled
Prima ry angioglasty Cormparison of indtial P2 ini bl
-~ Infamct-relg treatrment shafegies bated e
Prs i Neanrekin
Effactive conbine crushed adies ol Dicagnele |L30 mgl
antiplaiciel Perapy
I1"EF: Disath W stk within 30 s
T EPs: Tiath /WL LR stk !
Wagor blead ing;
ACV dath W1V UR THE
H
T death,
AR wihin Jyean

Figure 4. Sty endpowmts. The figure swmmearises the factial basts for conducting the study and mctlines the study ontcome

endppounts. ™ refers to the sssociated data, OV cordiovascielor; EF: endpome; HF: beart fofure; IV ietraeemaas; Mi: myocardial

afaretion; UR: sergent revascularisaticon

Euralmtervention 024,202 1309-21318 + Juzana Motowska et al.



ANNEXES - COLLECTION OF AUTHOR'S PUBLISHED SCHOLARLY WORKS WITH
COMMENTARY

demonstrated a faster onset of effective platelet inhibition
than the oral dose [whole tabletf. Therefore, despate
the lack of evidence of the benefit on patient prognoss,
crushed ticagrelor s recommended as the preferred mode of
administration in patients with 8%,

The VASE method was selected to monitor the rate of
onset and extent of mhshioon of P2Y , plateler receptors
by the compared drogs. This choace was based on the
unigue specifiary of the VASP assay for the P2Y |, apnalling
pathway, which makes it the only method for monitoring
PIY | inhibicos efficacy that s not nfluenced by the P2Y,
receptor functional status'. Moreover, unhke other assays,
such as the widely used poant-of-care VerifyMow |Werfenl,
VASP phosphorylation measurements are not affected by
the co-administrabon of a GP HBALa mhabigor™, which 1=
frequently used during primary angioplasty for C5-AMIL

Conclusions

The DAPT-SHOCK-AMIL study aims to provide clinical
evidence for selecting the appropriate antiplateles therapies
i panents with AMI complicated by mital %5 undergoing
primary PCL and, thus, potentially improve the prognoss of
this often fatal condition (Figure 4).
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Summary

Purpose
The aim of this study was to evaluate the bioavailability and antiplatelet effect of high-dose
clopidogrel in patients after successful cardiopulmonary resuscitation (CPR). The study ad-
dressed the impact of post-cardiac arrest physiological changes on the effectiveness of oral
antiplatelet therapy.

Methodology
This prospective observational study assessed platelet inhibition in patients treated with
high-dose clopidogrel after CPR using platelet function testing. The pharmacodynamic re-
sponse was evaluated to determine whether standard oral dosing achieved adequate platelet
inhibition in critically ill patients.

Results
The study demonstrated significantly impaired bioavailability and reduced antiplatelet ac-
tivity despite high-dose clopidogrel administration. A substantial proportion of patients
failed to achieve adequate platelet inhibition, indicating that standard dosing strategies may
be insufficient following cardiopulmonary resuscitation.

Conclusion
The findings demonstrated that optimisation of antiplatelet therapy in critically ill patients
requires evidence generated specifically in this population. The study highlights the im-
portant role of investigator-initiated clinical research in improving the safe and effective use
of established therapies in complex clinical settings.

Contribution to the habilitation: This study illustrates the role of investigator-initiated clin-

ical research in optimising existing pharmacotherapy for patient populations that are un-
derrepresented in pre-marketing clinical trials.
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Abstract

Purpose Bioavailability of clopidogrel in the form of crushed
tablets administered via nasogastric tube (NGT )has not been
established in patients after cardiopulmonary resuscitation.
Themrefore, we performed a study comparning pharmacokinetic
and pharmacedynamic response o high loading dose of clo-
pidogrel in critically ill patients after cardiopulmonary resus-
citation (CPR) with patients scheduled for elective coronary
angiography with stent implantation.

Methods In the NGT group (nine patients, after cardiopulmo-
mary resuscitation, mechanically ventilated, therapeutic hypo-
thermia), chopidogrel was admiristered in the form of crushed
tablets via NGT. Ten patients undergoing elective coronary
artery stenting took clopidogrel per os (po) in the fom of intact
tablets. Phamacokinetics of clopidogrd was measured with
high-performance liquid chromatogmphy (HPLC) before and

at0.5, 1,6, 12, 24 h after administration of 2 loading dose of

60 mg In five patients in each group, antplatelet effect was
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measured with thrombelastogmphy (TEG; Platelet Mapping)
before and 24 h afier administration.

Resulty The carboxylic acid metabolite of clopidogrel was
detected in all patients in the po group. In eight patients, the
maximum concentration was measured in the range of 0.5-1h
afier the initial dose. In four patients in the of NGT group, the
carboxylic acid metabolite of clopidogrel was undetectable
and in the remaining patients was significantly delaved (peak
values at 12 h) All patients in the po group reached clinically
relevant (=50 %) inhibition of thrombocyte adenosine diphos-
phate { ADF) receptor after 24 h compared with only two in the
MNGT group (p=0.012). There was a close correlation between
peak of inactive clopidogrel metabolite plasmatic concentra-
tion and inhibition of the ADP receptor (r=0.7%; p<0.001).
Conelusion The bioavailability of clopidogrel in critically ill
patients after cardiopulmonary resuscitation is significantly im-
paired comparad with stable patients. Therefore, other dugs,
preferentially administered mtrsvenously, should be considered.

Keywords Clopidogrel - Pharmacokinetics -
Thrombelastography - HPLC

Introduction

Clopdogrel, a thenopyndine denvative, prevents platelet ap-
eregation by selectively blocking the adenosme diphosphate
(ADP) receptor and subsequent activation of glveoprotein I/
IMa [1, 2]. It proved to be superior to aspirin i reducing
coronary and cerebrovascular ischemic events [3], and s addi-
tion te aspirin reduced ischemic events compared with aspitin
alone in non-STelevation (NSTE) acute coronary syndrome—
the Clopidogrel in Unstable Angina to Prevent Recurrent Events
(CURE) study [4]. Cumently, the combination of both drgs is
used in patients with ST elevation (STE) [5] and NSTE acuie
coronary syndromes [6] Clopidogrel also rermains the mainstay
of dual antiaperepant therapy after stent implantation [7-9].
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Clopidogrel is a prodrug that afier absorption from the
intesting must undergo hepatic biotrans formation to become
effective [10]. Only approximately 15 % of the drug is
convemed o the active form via cyvtochrome PA30 (CYF)
{isoenzymes 3A4, 2019 Most of the drug is metabolized
by esterases to an inactive carboxylic acid derivative [11]. In
the critically ill, numerows conditions can interfere with
these processes [12]: erushing the acid-resistive coating of
the tablets and administration with a nasogastric ube (NGT)
[13], delayed gastric emptving [12], and compromised
aplanchnic perfusion with functional and structural changes
of intestinal mucosa—ijust to mention only a few. Acuie
changes in body comparments, organ dysfunction, and
treatment with elimination methods (e.g., renal replacement
therapies) are further imponant factors that interfere with
normal drag metabolism and function i the critically ill.

As documented in previous studies, imhibition of platelet
aggregation by clopidogrel can vary widely [14-16]. Insuffi-
cient platelet inhibition s linked to mereased risk of hyper-
coagulation and stent thrombosis with myocardial reinfarction,
which results in increased morbidity and morality rates [17,
18] The exact mechanisms of (e varable response to clopi-
dogrel therapy are not well understood and are evidenily
muliple: inadequate drug compliance, underdosing, drug—
drug interactions, patient stats, polymorphisms of the
PIY 12 receptor gene and CYP isoenzymes (eg., CYP3IA4,
CYPIAS and CYP2C19), increased reactivity of resting plate-
lets, amd upregulation of other platelet activation pathways
{e.g. thrombin, thromboxase A2, and collagen) [ 19].

After cardiopulmonary resuscitation (CPR) because of
acute myocardial infarction (AMI), patients who undergo
percutanecus coronary intervention (PCIy with stent implan-
tation are given clopidogrel via an NGT just after admission
to the intensive care unit (ICU) Evidently, these patients are
at risk of impaired clopidogre] bioavailability, which has not
previously been studied. To test this hypothesis, we mea-
sured the concentration of a clopidogrel inactive metabolite
with high-performance liguid chromatography (HPLC) and
platelet reactivity with the modified Thromboelastograph™
(TEG) Platelet Mapping. The post-CPR cohort ireated with
MOT-administered clopidogrel was compared with patients
undergoing elective coronary artery stenting and taking
intact clopidogre] tablets per os (po).

Methods

Study population

Wi studied patientz older than 18 years in whom clopidogrel
in an initial dose of 600 mg was indicated because of coronary

artery disease (CAD). Those in whom clopidogre]l was
taken as chronic medication or treated with thrombolytics or

€ springer

glycoprotein Hb'llla inhibitors were excloded [20, 21].
Patients were divided into two groups: (1) the po group,
patients who swallowed intact tablets after stenfing procedures
{paticnts undergoing planmed PCL with stemt implantation),
and (27 the NGT group, patients who were critically il afier
CPR and acute PCDwith stent inplantation in whom clopi-
dogrel in the form of crushed tablets was adminssered through
an MGT. The study was conducted according to the principles
of the Dwclaration of Helsinki and the law and regulations
applicable in the European Union. The lecal instifutional
review board approved the protocol. Informed consent was
obtained and signed by all patienis in the po group before-
hand. In the NGT group, informed consent was signed by a
doctor unrelated to the study. Patients who regained full
conscioussess during hospitalization were asked to sign the
informed consent subsequenily.

Blood sampling

Blood samples to evaluate clopidogrel pharmacokinetics
{PE) using HPLC were collected from the anery (NGT
group) and peripheral vein (po group) into heparinized test
tubes at the following time poimts: immediately before and
A, 1,6, 12, and 24 I following a high loading dose. Flasma
was obtained by blood centrifugation at 14,300 rpm for
5 min, and plasma samples were separated and stored at
=70 =C umtil analysis. Blood samples for evaluating clopi-
dogrel plarmacodynamics (PD) using TEG Platelet Mapping
were collected in tubes confaining sodium citrate before and
24 h after a high initial dose.

Pharmacokinetic evaluation with HPLC

Cualitative and quantitative analysis of clopidogrel tablets
{Plavix®, Sanofi Pharma Bristol-Myers Squibb SMC) was
performed in advance [22]. A summary of resulis from
chromatographic analysis also served as a standard for eval-
uating chromaiograms of human plasma. For the study
purposes, samples were tempered at room temperature mm-
mediately before analysis. The aliquot of T wl of trifluoro-
acetic acid was added to 0.5 ml human plasma, and the
aolution was vortex mixed thoroughly for 5 min o form
plasma protein precipitates. Clear liquid was pipetied over
the precipitates and filtered through Sarnorius disposable
filter Minisart® mesh 043 mm into glass vials. Defermina-
tiom of the arca under the eurve (ALTC) and refention time of
the inactive carboxyl metabolite of clopidogrel (CLP_.) in
plasma was performed using the Agilent 1200 HPLC Sys-
tem with a quaternary model purnp and an automatic injec-
tor coupled to an ultraviolet—visible spectroscopy (LUY/VIS)
detector operated at 220 nm [23-26]. Data were acquired
using ChemStation chromatography software. The column,
a particle size of 5 wm, Zorbax XDE-CLE (30 mim= 2.1 mm
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i), was used for chromatographic separation. Mobile
phase was methanol'water (B5/15; vwvi. Flow rate was
0.3 mlimin, injection volume 10 ml of sample, and analysis
e 20 pwin.

Pharmacodynamic evaluation by TEG Plateler Mapping

The modified TEG Hemostasis Analyzer with Platelet Map-
ping assay (Haemoscope Corporation, Miles, 1L, USA) was
used, Blood was drawn exactly according 1o the manufac-
trer's recomimendations (Table 1) and analyzed according
to the manufacturer’s instructions [27]. Briefly, the assay
relies on evaluation of thrombin-induced clot strength to
enable a guantitative analysis of platelet function [28, 29].
Clagsical measurements {citrated whole blood sample rea-
ted with kaolin and sample with heparinase) {channels | and
2, Table 1) were extended with ADP receptor activator
compound (channel 3, Table 1), which blocks free ADP
receptors not inhibited with clopidegrel. This enables indinect
mcasurement of the ADP receptors inhibited with clopidogrel
{percent inhibition) [30].

Data analysis

‘With regard o file size and absence of nommal distribution,
results are given as median [interquartile range (IQR) if not
stated otherwise]. Nonparametric tests were wsed for inter-
and intragroup comparizon {Mann—Whitney L7 test and Wil-
ocoxon paired test, ag appropriate). For analysia, we used the
STATISTIC A (StatSoft Inc, Tulsa, Ok, USA) software, and
=005 was considered significant.

Results

Nineteen patients entered the study (nine in the NGT group and
tem in the po group). Baseline demographic data, physiological

Table 1 Consituenis of thrombelastography (TEGY) Matelet Blap-
ping™ as=y channels

Channel | Channel 2 Channel 3
Heparinized Mood {ul) [ 360 L1
Crnated whole blood sample 360 1] L
tremied with kaokin {ul)
Activator F™ (&g (ply ] 1 {1
AL julp [} 1] 1k
Call 0.1 % ipl i} I i

Channel | is 2 siandard TEGY with maximally stimulated plaieleis.
{Channel 2 creates o fibrin mesh with ne activaied plateles. Channel 3
creales a fibrin mesh with platckets stmmulaied only by the ADP
recepdars [17]

ADF adenesine diphosphate, CaCl> calcium chloride

Table 2 Patiend demographic and physiclogical daia, coronary anery
dizease (CAD) risk factors, and chronk: medecatson

Per o= (u= 1) MNGT (=%

Crenader {male) & i

Age [years) T2 (55 B i (4T X1
Hzight {cm) 1T {1Gl-080) 173 (L&0-182)
Weight kgj &5 (62-105) &1 (G- 100
Blood pressure (mmHg) 17T (LI LATT9 [ ks

HE-] TEOE) - 22001 B

Hezart mte (bpmj TT (55 1y S an-115)
Rk faciors

Smoking 1 1
Hypercholesieralemia 10 5
Hypertension 10 L

Drizbetes myellibas 5 4

Famaly history of CAD 4 1

Lengih of hospitalization (days) X (2-3) 12 (2-H6)
Chronic medication

Lipid-bowering agents ] 3

Aspirin 10 4

Proton pamp inhibsors 1 1

MACE Imhibitors & 3
Calcium-channel blockers 4 1

[Muretics 5 1
Betablockers & ]

Inzulin’ ADE 4 2

ACE Imitibitors angiotensin-converting enzyme inhibitors, A8
antidmbetics

parameters on admission, and CAD risk factors complementod
with concurment medication are ghown in Tablke 2.

All nine patients in the NGT group underwent CPR
{median 20 min, range 10-30 min) with subseguent PCI
[seven myocardial infarction with ST elevations (STEMI),
one non-5TEMI (MSTEMI), one malignant arrhythmia) and
stenting. From the cath lab, all patients were admitted to the
general ICU, where standard therapy followed (mechanical
ventilation, invasive hemoedynamic monitoring and stabili-
zation, therapeutic iypothermnia, etc.). Study blood samples
wene taken on top of routing tests, an NGT was infroduced,
and 600 mg clopidogrel given. All patients received clopi-
dogrel within 60 min of stent implantation. All ten po group
patients received a coronary artery stent because of ad-
vanced CAD and were admitted 1o the coronary care unit
{CCU). Table 3 shows the initial dosage of norepinephrine
{ME), lactate values, and liver enzymes in the NGT group on
ICT admission. Seven of the nine MGT patients had an
increased initial value of lactate. Laboratory liver function
tests showed elevated bilirubin in two, elevated alanine
aminotransferase (ALT) in seven, and elevated aspartate
aminotransferase (AST) in eight patienis, respectively.
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Table 3 Mmsogasiric-tube (NGT)
groam: selected hemod ynama: Variable Reference
data, vaseactive drag desage, amd mange

Fatiemt ni.. MTG group

labsorainey tests an inlemsive care 1 1z 13 14 15 & 17 18 1%
wmnit admission
Diosage NE {mgh} mo 15 1§ s [ 0
Loctate (mmall) 05220 138 ILE 137 & 110 14 &s% 5T 114
Bilinshin fumoll)  2.0-21 Bl & 43 0% a4 DR 108 14 2R3
NE norcpinephrine, ALTalinine  ALT fukatd) L0068 11 03 515 2o 709 R&T DAY 05 a3
aminctransferase, ASTaspartale  so jugar) 000067 R04 034 435 X1 RTE SRS LI 083 ST

amincdransferase

Pharmacokinetic evaluation with HFLC

CLP, .., PE were measured in all patients in both groups
{Fig. 1) Maximal CLP. plasmatic concentrations werne
significantly bower in the NGT group [11.%0& (0-17,379)
ng/mil] than in the po group [ 18455 (18, 146-22,198) ng/ml)
{p=0.012). Also, time to reach maximal concentration
of the clopidogrel inactive carboxylic metabolite (Tmax)
tended 1o be longer in the NGT growp (12 h) than in the po
group (1 k).

Pharmacodynamic evaluation with TEG Flatelet Mapping

Platelet aggregation PD were performed only in the first five
patients in cach group. Results of the percentage inhibition
of thrombocyte ADP recepior before and 24 h afier initial
clopidogrel dose administration are shown in Fig. 2.

There was no difference between groups priog to clopi-
dogrel adminismration. Clopidogrel increased inhibition by
45 % (29-53 %) in the po group and by 6 % (623 %) in the
MNGT group (p=0.032) As the result, inhibition 24 h afier
clopidogrel adminstration was 70 % (6783 %) in the po
group and 26 % {T-31 %) in the NGT group (p=0.012). All
po group patients reached clinically effective platelet mhi-
hition {ie., =30 %) [31, 32] compared with only patients in
the MGT group (p=0.03T). Interestingly, one patient in each
group showed platelet inhibition =50 % even before taking

clopidogrel. A close correlation between peak CLP ., plas-
matic concentration and increased inhibition of thrombocyie
ADP receptor was found (e=0.79, p=<0.001}.

DMseusshon

This study showed impaired hivavailability of clopidogrel in
hemodynarnically unstable critically ill patients afier CPR, as
distinet from patients who swallow intact clopidogrel tablets
after elective coronary artery stenting. This impainment results
in preserved thromboeyie aggregation and increased risk of
stent thrombosis. To our knowledge, this is the first such study
in critically ill patients after CPR. The study also emiplasizes
the method of parallel PE (inactive plasma metabolite of
clopidogrel measured with HPFLC) and PD evaluastion {anti-
aggregation effect measured with TEG Platelet Mapping). The
many reasons for impaired clopidogrel bioavailability are
surnmarized in Table 4 [14, 33, 34].

Ewidently, only a few factors can be excluded from the
list {e.g., intersction with nutrition; patients not enterally fid
during therapeutic hypothermia; omeprazole not given). De-
termining the impact of other factors is a challenge for
further studies {measuring armount lost after crushed tablet
passes through the MGT: administration of clopidogre] into
duodenal tube, etc.). Nevertheless, detailed identification of
the impact of separate factors listed in Table 4 is hardly

Fig. 1 Comparison of wom
concenimaiions of the carboxylic
acid metabolite of clopidegrel l

{aren under the coneeviction
timee curve in ng = min‘ml} in

the nasogesinic fube (NGT) and E 0
per as (pa) groaps E
g ot
z 1000 £
o

PO NGT
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Fig. ! Inhihition of adencsine
Group: PO Geup: KOS
diphssphate (ATP] thronsba. 2 ¥
cyie recepiors before and 24 h 06 - (-] I
after the initial dese of 604 mg -
chapidagrel -
a - n
£ ) - . & 1
g L K 2
£
E ] 1
% F1+] 1
]
E :ﬂ 1
] Q i e s . 1
netzra Wher 2d by ] ahar 24 ey

posaible. In fact, previous studies showed impaired bioavail-
ability of clopidogrel in different populations ranging from
healthy volunteers o patients with STE acute coronary
syndrome (summarized in Table 5) None was performed
in patients after CPR, when all potential factors influencing
clopidogrel hioavailability are present.

Few factors can influence clopidogrel binavailability in
patients after CPR. To overcome gastroparesis, clopidogrel
delivery into the duodenum is achievable, as these bes can
be inserted without endoscopic assistance and with a

Tabde 4 Reasons for mmpaired hivavailability of clopedogrel

satisfactory success rate after operator iraining [40]. Increas-
ing the dose of clopidogrel can be another solution, as an
increased initial clopidogrel loading dose from 300 mg 1o
& me led to increased platelet inhibition from 39 % to
57 %, within 4 h [41]. Nevertheless, a further increase to
W me caused no additional effct [38]. We assume that a
dose lower than 600 mg reached the stomach because the
tablets had been crushed and administered via NGT. Theo-
retically, an increased clopidogrel dose could have led to
increased clopidogrel bioavailability and function.

Clinical faciors Cellular factars

Gemnetic factars Dirug faciors

Posar patient compliance
Underdosing

Mocelerated platelet bamaver

Beduced CYVP metabelie
activity

Poar dhsomiionIntestinal failwre’ Imcreased ADP exposare
delayed gasinc empiying)
splanchnic hypoperfusion
malahsomption

Liver dysfanciion

Acude coranary syndrme

Up=regalation P2Y > pathways
Upregulition P2Y-mdependent
pathways (collagen,
epinephring, thrambeoocane
A, throanhin
Acute changes in distributive
valume (compariments) in
patieni= afier CPR ivasoplegia,
impamred capillary
pomability, o)
Diiabetes mellitus/insulin resistance

Elevated body mass index/smaoking

Palymarphzm of CYP
Palymarphizsm of GPla

Dirug-dneg imeraction
Crnishing the ablets

Adminsiration with NGT
{but ahsorption from intesting)

Palymarphsm of P2Y

Palymarphsm of GPILa Loss of profective tablet costing

Maturzl inhibiteon of ADF receptars

CPR cardicpulmonary resuscitation, CYFP opokime P450, ADP sdenosine diphosphaie
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Tabde 8 Stodies monitoring the phamacokinetics md pharmacodymandcs (PEPO) of clopidogrel in differemt populations

Sty 'references Papulatian Ampumi Bfcthods PR Dosage Year

Preisman et al. [36] Patienis elective or urgeni il TEG P 75 mg il
CABG

Alstrom et al. [2] Patients undergoimg PCL M LTATEGTPFA P HH mg HOT

Blinden < al. [27] Patiensis chromically receiving 14 TEG P 75 mg HIOT
chapadagre] before PCI

Beckerth [55] Patienis with coronary artery il Optical aggregometry PFIVPE 3 mg, 6080 mg, HHE
dizzase LC-MS A0 mg

Heestermans et al. [35] Patients STEMUhealthy 1 LTALC-MS PLVPK A0 mg 2kE
volunizers

Fafar of al. [3%] Healthy vobanicers 9 L-MS K HH mg il

Crar sty Patients STEMUpatients PCI Al TEGHPLC PLVPK A0 mg il

ARG coronary artery by pass grafting, TG Thrombo elesiogroph Platelet Mapping, L4 light fransmittance platelet aggregation, #CT peromaneous

coromary miervendion, PE4 plaielet funcison analyeer, LO-MY liguoid chromatography -mms spectronetny; STEMY myocardial infarcison with 8T

elevation

All patients afier CPR were treated with mild hypothers-
mia (32-34 °C) according to current guidelines. Though
mild hypothermia does not compromise splanchnic blood
flow, as observed in experiments with rats [42] and alzo in
patients on cardiopulmonary bypass [43, 44] and continu-
ous renal replacement therapies [45], it significantly influ-
ences liver metabolic activity [46, 47]. This, in theory,
could be one of the causes of low levels of CLP,, ob-
served im our study. Hypothermia can also influence the
classical TEG measurement, but itg effect on the method
itself is only minor [47—49]. Influence on the advanced
TEG measurement (ie., platelet mapping) has not been
tested so far but very probably does not differ from the
classical TEG assay.

In our study, natural inhibition of the ADP receptor was
relatively ligh and variable. The median natural ADPF re-
ceplor inhibition was 35 % in the po group and 15.2 % in the
NGT group. Two patients (one in cach group) had natural
inhibition =50 %. which is considered clinically effective,
even before clopidogre] administration. The most probable
explanation of this finding seems to be natural inhibition,
but platelet hyporeactivity as a reaction to a thrombogenic
state—aespecially in the CPR patient group—cannot be muled
out. All patients in the study had zero levels of CLP., at
baseline, which excludes the possibility of a previous clopi-
dogrel medication bias. The high vanability of the natural
ADP receptor can partially explain the different effect of
treatment with clopidogrel. Furthermore, high variability of
natural ADP receptor inhibition may account for the acuie
hleeding episodes during surgery in some patients who are
treated with ADP receptor inhibitors [29]. Anerial compared
with venous blood was analyzed in CFR patients compared
with elective controls. Mevertheless, this should not influ-
ence our findings, as platelet function measured by TEG (or
comparable methods) does not differ whether amerial or
venous blood is analyzed [50, 1]

€ Speisger

Study limitations

The bicavailability of clopidogrel after an initial 600 mg
loading dose wag monitored for 24 b In theory, prolonga-
tiom of this imterval could have revealed delayed clopidogrel
absormption. This was ruled out becanse of the maintenance
dose of T8 mg. Nevertheless, we do not assume that a
prolongation of 24 h would bring different resulis, as the
concentrations of CLPue were lower at 24 h compared with
those at 1-12 h (see Fig. 1). Besides, clopidogre]l level &
usually measured 4 b afier ingestion [14, 32).

Clinical response was measured (TEG Platebet Mapping)y
on a small mumber of patients (five in each group) mainly
due o high costs (approximately |50 curcs/measurerment).
Mevertheless the response was uniform (inhibition in the po
group, and no effect in the MGT group), raising the suspi-
cion that NGT-administered clopidogrel to patients after
CPR. is w0t effective. Larger studies confirming our results
are warranted, But the workload and costs must be taken into
account. Our study is also limited by the unavailability of a
genetic test o prove any genetic influence on clopidogrel
absomption and/or metabolism.

Genetics can influence absomption in imtestinal mucosa
{reduced absorption in patients with P -glycoprotein
encoded by the gene ABCBEIL), hepatic metabolism (differ-
ent clopidogrel metabolism to the active form by cyto-
chrome P450 wvariants CYP3A4 and CYPZCLD) [33-35]
Indeed, in patients with AMI treated with clopidogre]l who
had a dysfunctional allele CYP2C19 were more likely to
have frequent cardiovascular events than those with a func-
tional allele. This effect was also observed in patients un-
dergoing PCI [34]. Patients who had reduced CYPIC19
allele function had lower levels of the active form of
clopidogrel, which wasg unable to sufficiently inhibit plate-
let function and thus increased the risk of major adverse
cardiovascular events [55].
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Consequences for practice

How showld we treat patients after CPR in whom clopidogrel
is indicated? In our opinion, plysicians should be very cir-
cumspect and not rely on the drug's effect. Any steps to
increase clopidogrel bioavailability are cumbersome (duode-
nal fube, etc) and ofien barely achievable (e.g., improved
splanchnic perfusion). Also, TEG Plaselet Mapping to monitor
the drag's effect is costly and dependent on adequately trained
persennel. Other methods of thrombocyte aggregation mea-
surement, such as VerfyMNow P2Y12, vasodilator-stimulated
phosphoprotein—phosphorylation (VASP-PRI), Multiplase-
ADE and light tramsmission aggregometry, are not rowtinely
used in these patients [$6]. Although no patient in our stwdy
developed stent thrombosis during hospitalization, we recom-
mend boosting the effect of aspirin given intravenously with
other antiaggregation drogs, Movel and moee effective orally
administered daugs recently approved in Europe (eg., prasu-
erel or ticagrelor) can possibly be of some help, but we
recommend relying om their i.v. administration only. Although
novel forms of heparin could be considered in the futuee [57],
we believe that i.v.-administered forms of ADP receptor inhib-
itors (cangrelor, elinogrel) will be more suitable [58]. Until
they are authorized for marketing, however, we advise apply-
ing glycoprotein [Tilla inhibitors during the periprocedural
{PCT) period [59].

Concluslon

I conclusion, our sdy demonstrates that the bioavailability
of clopidogrel and platelet aggregation inhibition in crtically
ill patients after CPR is significantly impaired comparned with
in atable patients. Clinicians should consider otler metods of
antiaggregation in this subgroup of patients.
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Ruzsikova A, Souckova L, Suk P, Opatiilova R, Kejdusova M, Sramek V. Quantitative anal-
ysis of drug losses administered via nasogastric tube — In vitro study. International Journal
of Pharmaceutics, 2015;478 (1), 368-371. Doi: 10.1016/].ijpharm.2014.11.065

Summary

Purpose

The aim of this study was to quantify drug losses during administration through a na-
sogastric tube (NGT) and to evaluate the influence of different dosage forms and admin-
istration techniques on the amount of drug delivered. The study addressed a common but
poorly investigated problem in intensive care, where inaccurate drug delivery may compro-
mise treatment efficacy.

Methodology

An in vitro model was used to compare five administration methods and six oral dosage
forms commonly administered via NGT. Drug losses were determined gravimetrically, and
the suitability of individual administration techniques was systematically evaluated.

Results

Drug losses ranged from 4% to 38%, depending on the dosage form and administration
method. Administration techniques involving crushing the medication and preparing the sus-
pension directly in the syringe resulted in the lowest losses, whereas intact pellets frequently
caused tube obstruction and were unsuitable for clinical practice. The greatest losses oc-
curred during flushing through the nasogastric tube.

Conclusion
The study demonstrated that the administration technique significantly influences the
amount of drug delivered via a nasogastric tube. These findings provide practical recom-
mendations for optimising drug administration in critically ill patients and highlight the role
of investigator-initiated research in improving the safe and effective use of established ther-
apies in routine clinical practice.
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Purpase: Drug administration through nasogastric tube [RGT) 5 a standard practice bt the real amount
of the delivered drug is unknown. Therefore, we designed a study to determine the loszzs of various
dosage forms adminastersd by different methods through MGT.

Methods: In witro model was used. Frve different adminastration methods [A-E] and six dosage forms
{simple compressed tablets - T)5; film coated tablets - T/FC; entenic coated tablets - T)EC; capsules with

:’-“"""""1‘ " powder filling - CJF; capsules containing extended release pellets < CJER; capsules containing gastro-
"Imm:r:::: “ resistant pellets = CfGR) wene myvestigated. Measurement was repeated six fimes for each drug-method
Dikage farms comibinatian. The overall losses were determaned by gravimetry. In method A partial losses associated
Enteral feeding with each step of drug admanistraneon wers also determimed.

Kesuits: Signaficant drug losses were measured (4-382] Only methods A [crushing-beaker-syringe-
water-RGT) and B [oushing-water-symmge-MNGT)| were suitable for administration of all tested dosage
forms. Method B proved the maost efective for all kinds of tablets and C)GR [p < 0U0%) and tended to be
mare effective also for CER (p={0.052) compared to method A CF showed mmimal kosses for both
tested] methods (B and E). Flushing of the drug throsgh NOT causes major losses during drug
administration compared to crushing and transfer (p - 005). All methods for intact pellets [C-E) were
found inapprogriate for clinical pracice dwe to MGT clogging.

Conclusions: Choesing a suitatde adminastration method can significantly affect the amount of drogs
delmered through NGT.

Drigg administagion

© 2004 Elsevier BV, All nghts reserved.

L Introduction [eg., slow release tablets, enteric coated tablets and irritating

druigs) (Gilbar and Pract, 1999, Zho and Zhaa, 20131 lopained

Enteral leeding is the prelerred route of nutrition in BCU patients
(Krevmann et al, 2006). The [requent inability o swallow
necesditaled  insertion ol the orogastric o more [requently
nasagastric tube (NGT] inte the stemach (Kational Collaboratzng
Centre for Acute Care [UK], 200E6). Howeyver, many obstackes can
hamper adequate delivery of medicationg (o the gasiraintestinal
wract and thewr absorption when NGT 5 used - eg., crushing ane
dizgsolving al the tablets can lead 1o significant losses, Furthermore,
nat all aral dosage foroms are suitable for adrministerng wia MGT

* Cones possfieg ainhor ar: Depammess of Anaeshesadogy and Inbensive Cage,
St Annes Universty Heopanad B, Bress, Coech Repubis
Tel.: +430 343 182 552, fax: +420 343 182 555
E-miol address el saemek@nusacz (V. Brimekl

herp: fdx daisrg) 10.D0DE]| §phanen 2004 11065
OF7E-5073 0 D04 Eseveer BY. Al rights resenved.
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stoamach empiying, gul muooesa damage, intestianal and splanchnic
hypoperluson  are Turther lactors which can reduoce  drug
bioavailability [Clarke, 2008; Gilbar and Pract, 1999; Saufkovd
er al, 2|:||]-:I. In pf.!l![i.{e. all thess ASPECls resull in a limated
drug sdministration inte gasiredntestinal tract (doe MNascimenio
e al, 20021

Fraem the vast spectrurm of drugs administersd via NGT i ICU
patients, only the boavailability ol proton pump infubitors [PP1)
was extensively studied comparing infravenous sersus gasiric
routes {Olsen and Devlin, 2008; Thubel et al., 20010), sdministration
wia MGT wversus per as [Sosiek el al, 2003) and evaluating
ridaficationd of NGT adeministration [Freston e al, 2004; Tsai
el al., 2000

Posrouch et al investigated in vitro the impact of sarous
technical parameters on availability ol lour PPs in pediatric
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A. RussiReid or o/ neriatisnal Jeuroal of Mammoceaios 478 (2005) 768-37) 360

pracrice. They found that diameter and type af PP but not the
length ol the MGT inflluence the recovery of the sctive drug at e
ened ol NGT (Ponrouch er al, 2010).

Dewlin el al. alio found a bag dillerence between various PPIs
andl their larme in drug eflectivity. The resulis were nol influenced
oy Aurse experience (Devlin et al, 2006)

Data on other drugs except of PPIE are lmited. In an elegant
combined in vitroand clinical study, Kotake er al. found that up m
0 of amiadarome s lost during drug adminstration via NGT
[Kotake et al, 20067

As adequate data on drug besses during preparation for NGT
aclmindgtralma are cking, woe dedigned an in vilro study asdedsing
the impact of dosage Torm and way of preparation on drug bodses
when administered via MGT.

2. Marerials and methods

The whoele experiment was performed by one investigator
[1st authar of the manuscripl] using an m vilre moedel Al
medications passed through 14F (e 4.7 mm outer and 3.0 mm
imnmer  diametess, respectively)  leeding  tube  (Medicoplast,
Germany) mounted tooa ring stand in 300 angle to mimic e
il aften ICL patient position. Measurement wad repeated <ix
times for each combination of drug and method. During drug
administration to the tube, the mixture of water and the drug in
the syringe wad condtantly shaken to prevent sticking of the diug
particles ta the inner walls of the syringe as much as possible, The
fushed mixture of the drug and water was collected in an
evaporating basin at the end of NGT and evaporated o dryness,
The losses were determined by gravimetry (difference between
the initial drug wieight and the weight of drug lfollowing passing
the NGT and evaporation]. Ohaus Explorer E12145 analytical
scabes with accuracy of four decimal positions were uwied for
Eravimetnic measuremenis

Six different dodage [Orms wiere [ested:

* T5 - simple compressed Lablet [sotalol, Sotahexal®, Hexal AG,
Germany].

* T/EC - tabler with enteric coating {pantoprazale, Contraloc®,
Takeda, Germany)

* TIFC - simple [lilm-coated tablet (clopidogrel. Trombex™,
Zentwva, Ceech Repuldic)

* C)P - capsule with powder filling (lactobacilles, Lacidofil™,
Institur Rosell, France).

* CJER - capsule containing extended-release pellets (theaplyl-
line, Euplyllin CR N 300", Kycomed, Germany ).

* CJGR - capsule with gasire-resistant pellets [omeprazole,
Helwicl®, Zentiva, Czech Republic).

Following administration techniques were used: methods A
and B were used for tablets (TS, TJEC, T/ES), methods B and E were
used for capsules with powider flling (CfP), and all methads for
capsules with pellets {C/ER and C/GR).

21 Metfod A [crushing -beaker-syringe-warer-NGT)

Technique condisted ol lurther steps: crushing the tablers or
pellets in a mortar, ranslercing the crushed powder into a
Beaker, trandferving crushed powder [rom the beaker (o4 syrings,
adding water { 15ml] into the syringe, mixing the selulson in e
syringe, impecting the mixture into NGT and Nushing the ol
with wiater (5 ml)L This methad was ol uwied loar capsules with
powder filling (C/PL For this method, drogs wiere weighted after
each step of administration to define i3 specilic contribution w0
the overall lods.

22 Method 8 (crushing-warer-syringe-SGT)

Tabbets and pellets were crushed in a mortar, in case of the
capsules containing powder, the powder was poured oul into the
martar. Water {10 ml] was added to the mortar and the erushed
powder wad mixed with water, the mixture was drawm into a
syringe, then it was injected into NGT. After injection, additional
10ml of water were poursd into the mortar, the solution was
drawm in the syringe and the uwbe was Nushed with the solution.

23 Methad C [pelleti-heaker -NGT-warer}

Pellers were paured [rom the capsule inta a small beaker with a
spaul. The pellers were then slowly poured from Uhe beaker o NGT.
After that, the tube was Nushed with 20ml ol water.

24 Methad D { pellets-NGT-venter |

Pelbels wene poured [rom the capsule vight inte MGT. The tule
wias Mushed with 20ml of water.

2.5 Methad E {petlers-syringe-water-NGT)

Pellels were poured infa a syringe, water sdded, mixiure was
shaken and injected inte NGT.

2.6, Srarstcol enalysis

The statistscal analysis was carvied oul uding Satistica
11 saftware (StaSedt Inc., USA)L Data are presented a5 mean and
05% confidence interval. Unpaired -test wid used 1o compare
differences between groups, p - 005 was condidered significant.

3. Resulis

Ei,ght:en carmlmations ol ﬂl:l.IEl aned method have been studsed.
Ferage bos ses for methods A and B are shown in Fig. L Method B has
proven a8 Dhe mast efective lar all Kinds of tablers (T)S, T/EC, TFC)
and capsules with gastro-resistant pellets (CiGR). Similarly, capsules
containing extended-release pelles (CER] ended o be o

L

T8 L] TG =L =] TG

Fig- 1. Totad bosses (enean and 95% confidence intervil] accordesg to dosage form
aid adminisration sechingue by svethed A (crushing-beaker-ayTinge-warer-NGT]
aitd miethod B{crushing-water-syringe-NGT] Types of dosage forms: T)5 - simgle
compressed tabber, TIEC - enteric coated tabler, TIFC - simple Alm coated taler, ©
P - cagsule with poveder Mg (method B anly), C/ER - capsule containing
extended release pellers, CGR - capsule containing gastro-resioast pelles.
means p = 0001 between mebads & ol B
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effectrvely delivered by methad B than A (p=0052) and capsules
with powider filling (C/P] have also showed minimal lodses when
sdministered by method B, All methods preserving intact pellets
[C-E) were found inappropriate for clinical practice as NGT clogged
during drug administration (methads C© and D in 100% for bath
kinds of pellets, methed Ein 100% for CER and 333 for C/GR).

Proportion of particular steps of method A on total loss s
presented in Fig. 2. Drug delivery through NGT (flushing)
contributes more to the total lodses than crushing and the wansfer
al drugs to the syringe (p < 001).

d. Disoussion

W have demonstrated that significant drug losses can be
detected when drugs are administered via NGT. Different dosage
forms differ in the loiges, which can be further influenced by
administration method. Moreover pellers clog the NGT and
therefare, are not suitable for NGT administration. All the steps
during NGT drug administration are associated with losdes,
Accarding 1o aur subanalysis of method A, Qushing al the digsalved
drug suspendion through the NGT plays the major role.

We showed that digsolving the crushed drug directly in the
miftar diminished lasdes that ocour when the drug is transferred
inte the beaker and then dissolved. Evidently, some amount of
powder remains in the mortar. Furthermore, repeated rinsing of
the mortar with 10 ml of water, which was afterwards used for NGT
fushing, probably increased the amount of delivered drug in
method B, Interestingly, the custem o use either method A or B
differs between various 1CUHDUS in our hospital.

Evedently, dilferent dasage forms difler i their potental (o be
administered via NGT - e.g, a simple film coated tablet (TFC) is
minre easily crushied in a mortar compared (o2 tablet with enteral
caating [ T/EC), where crushing requires high pressure and sorme
pieces of the drug frequently New off the mortae Losses by
crushing the drugs measured in owr study (< 10% of the drug) are in
afreerent with the losses asdociated with crushing in the study
provided by Kotake [cea 7.4%) (Kotake et al, 2006

Some drugs cannol be evidently administered through NGT
because of clogging. This is true for pellets and even elaborated
manipulations (methed E - pellets poured inte the syringe,
mixing with water and then injecting] only diminish the risk of

+0%

!n.-.r:;

~ banha

% | i
N
%
EM
LECY
=

- -

anh

™

Fig- 2. Mean besses assocsated with partscular stegs (crushing, wassfer, fhekasg) of
drig adeninisrarion via MGT by method A [crushing- beaker-syringe-water-HGTL
Tygees ol dosage ferms: T{S - simple compressed talser, T(EC - enteric coaned tabler,
TIFC - simgde Sl costed tabder, CJER - capsule conftaining extended nelease
peliers, CHGR - capsule containing gasre-resistant pellets.

clagging which in clinical practice is unacceptably high [33.3%)
Mleasurements were provided using a 14F feeding tube as this size
ol MGT is wsed modt often in our [CU. The usage of large bore NGT
[which is nat risk free] could at least partially circumvent this
drawback. Diameter of the tube also played an important rale in
the study ol Ponrowch, where all the 6F tubes clogged [Fonmuch
et al, 2010}

Our study has several limitations. Lodses were measured by
gravimetry, which does nol measure only active substances of
the drig. Therelore, we cannol deparale losses of the active
drug from additives (coating etc.). More sophisticated methacs
[rmass spectroplotometry or kigh pawer liquid chromatography]
can give more aceurale andwers [Devlin et al, 2006; Ponrmouch
et al, 2010).

Thee usage ol a new NGT does not totally mimic clinical setting,
Because sticking of enteral nutrition on the inner surfaee of NGT
can mdily absarption af the drug.

Al mindstrarion of the drug via NGT represents only the finst step
of the drug route to the site of action. Some ather obsrackes exist in
U patients, primarily impaired gasirointestinal motiliey and
absorption can further decrease bioavailability. Therelore, even
positive resultd of this study cannot be directly ransferved inta
chimcal practice. Despite guite kv [osses durmmg NGT admimisira-
tsan, Trombex [clopidagrel] administration in 10U patients was
associated with insulicient Wood levels (Soudkovd et al, 2003}

5. Conclusion

Wi have proved that the administration technigque can
significantly allect the amouwnt of drug delivered through NGT.
Regardless of dosage lorm, dissalving ol crushed tablet or capsule
directly in mortar ssems the maost promising method. Out of
various dosage forms, pellets seem o e maost tricky (o administer
thrauglh NGT.

Declaration of personal inlerests
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Declaration of lunding inperests
Mone.
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Blahynkovda H, Souckova L, Papiez A. Patient and Public Involvement v klinickém
vyzkumu: od regulatornich pozadavku k partnerské spolupraci s pacienty. Klin Farmakol
Farm. 2026;40(2):112-115 | DOI: 10.36290/far.2026.025

Summary

Purpose:
The article aimed to present the concept of Patient and Public Involvement (PPI) in clinical
research and to demonstrate its evolution from a regulatory expectation to a genuine part-
nership between patients and researchers. It discusses the role of patient involvement in im-
proving the relevance, quality, feasibility, and ethical conduct of clinical research while
aligning with modern regulatory frameworks, including ICH GCP R3, Quality by Design,
and the revised Declaration of Helsinki.

Methodology:
This publication is a narrative review that synthesises current international regulatory guid-
ance, ethical principles, and published evidence on Patient and Public Involvement. It de-
scribes the integration of patients throughout the clinical research lifecycle, including re-
search prioritisation, protocol development, endpoint selection, study documentation, pa-
tient-reported outcomes, and dissemination of research results.

Results:

The review demonstrates that meaningful patient involvement contributes to more patient-
centred clinical trial design, improves recruitment and participant retention, enhances the
relevance of study endpoints, and supports the development of understandable study mate-
rials. It also discusses the role of patient advocates, identifies barriers to effective implemen-
tation such as tokenism and insufficient institutional expertise, and highlights the need for
education and structured frameworks to enable meaningful partnerships between researchers
and patients.

Conclusion:
The publication highlights Patient and Public Involvement as a fundamental component of
contemporary clinical research that extends beyond regulatory compliance to become an
essential element of high-quality, ethical, and patient-centred research. It demonstrates that
meaningful partnerships with patients improve study design, facilitate the translation of re-
search into clinical practice, and strengthen evidence generation, reinforcing the central role
of patient engagement within the modern clinical research ecosystem.
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¥ HLAVNI TEMA

Patient and Public Involvement

v klinickém vyzkumu: od regulatornich
pozadavki k partnerské spolupraci s pacienty

Hana Blahynkova, Lenka Souckova, Adriana Papiez
CZECRIM, Lékatska fakulta Masarykovy univerzity, Brno

Elinicky vyzkum se v poslednich letech stale vice orientuje na systematické zapojeni
pacdentd a vefejnosti (Patient and Public Involvement, PRI, pfi¢emi pacient jiZ neni
wniman pouze jako Géastnik studie, ale také jako aktivni partner podilejici se na
pldmovani vyzkurmuw. Tento pistup zvyiuje relevanc vwzkumnych otdzek, zZepiuje
proveditelnost studii i vyuZitelnost jejich wysledlkd v klinické praxi. Principy zapojeni
pacdentd jsou reflektovdny v modernich metodologickych a regulatornich ramcich,
wietné zdsad International Council for Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use Good Clinical Practice (ICH GCP R3), Quality by Design
Zi mejmovejsi revizi Declaration of Helsinki.

Zapojeni pacientd je dnes ziroven £asto vyiadovano nebo vyrazné preferovano
we vefejnych grantovych programech, napfiklad v ramci Horizon Europe, National
Institute fior Health and Care Research nebo Patient-Centered Outcomes Research
Institute. Pacienti mohou pfispét k formulaci vwzkumnych otiazek, vybérnu relevant-
nich cilovych ukazateld, zlepieni srozumitelnosti studijnich dokumentd i ke snizani
zatéde Gfastnikl studii.

Daleditym prostfednikem mezi pacienty a wyzkumniky miiZe byt pacientsky advokat,
ktery podporuje smyslupiné zapojeni pacientd v jednotlivych fazich vyzkumu. Sys-
ternatické PPl tak predstavuje diledity posun smérem ke kvalitnéjfimu a eti¢téj&imu
klinickému vyzkumu.

Klitowa slowa: Patient and Public Imvalvement, klinicky wyzhkum, design klinickych
hadnoceni, pacientsky advokat, patient-reported outcomes.

Patient and Public Invelvement in clinical research:
from regulatory requirements to partnerships with patients

In recemt years, clinical research has increasingly focused on the systematic in-
valvement of patients and the public (Patient and Public Involvement, PP, with
patients no longer viewed merely as study participants but also as active partners
contributing to research planning. This approach enhances the relevance of research
questions, improves the fieasibility of studies, and increases the applicability of their
results in clinical practice. The principles of patient involvement are reflected in
mzdern methodolegical and regulatory frameworks, including the International
Council for Harmonisation of Technical Requirernents for Pharmaceuticals for Human
Use Good Clinical Practice (ICH GCP R3), Quality by Design, and the latest revision
of the Declaration of Helsinki.

Patient involvemnent is also frequently required or strongly preferred in public grant
programs today, such as Horizon Europe, the National Institute for Health and Care
Resaarch, or the Patient-Centered Outcomes Research Institute. Patients can contribute
to formulating research questions, selecting relevant endpoints, improving the clarity
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of study documents, and reducing the burden on study participants.
A patient advocate can serve as an important intermediary between patients and researchers, supporting meaningful patient
involvernent at each stage of research. Systematic PP thus represents an important step toward higher-guality and more ethical

clinical research.

HLAVNITEMA

Key words: Patient and Public Involvement, clinical research, clinical trial design, patient advocate, patient reported outcomes.

Proména role pacienti
v klinickém vyzkumu

Maderni klinicka farmakologie a vyvaj
IEiv postupné opoudté)i tradiéni patema-
listicky model klinického vyzkumu, v némé
byl pacient vriman pledeviim jako Gdasi-
nik studie a zdraj dat. Rosteuel komplexita
studii, diraz na klinickou relevanci a vizvy
spojend s naborem a retenci UEastnikd vedly
k plehadnoceni tto rale. Do popledi se pro-
Lo dostavs systematicks zapojeni pacientd
A vefejnosti do vyzkumu (Patient and Pubslic
Invalvement, PP, ktené redefinuje roli paci-
enta  pasivaihe Gfastnika klinickéha hod-
noceni na aktivaihoe partnera a spalutvirce
vyzkumného procesu [1-4). Vyznam FFI je
dres zohlednén také v modernich metoda-
logickych a requlatornich rameich klinickéha
vyzkumu [1, 5], soudasné je zapojeni pacien-
1 stile castéfi potadovano nebo wirazné
pedporoving v ramei vefejnych vy zkum-
rych grantd a mezinaradnich vyekumnych
programi.

Cilem tohota dlanku je piedstavit koncept
zapojeni pacientd do klinického vyzkumu,
popsat jehe piinosy pro design a realizaci kii-
nickyeh studii a diskutoval rali pacientikéha
Adwokata jako dilelitdého prostiednika mezi
pacientskou komunitou a vyzkumniky.

Regulatomi a etické ukotveni
rapojeni pacientd

Zapojeni pacientd do Klinického vyzku-
mu nend poure Konceplualni Zménou v pii-
stupi k vyzkurnu, ale je stale vice zakotvena
také v regulatarnich, etickyeh a metodologic-
kych rarmcich modernibe klinického hodna-
cend (2, 6. Oblast PPI prochaz v poslednich
letech dynamickyrn evoludnim vivejem jak
na mezindrodni drovni, tak v prostiedi Ceske
republiky. Aktualizovand verze ICH GCP R3
predstavuje vyrazny milnik v tormto proces
01, 7. 8) a zdlrazhuje anentaci na pacienta,
integraci moedernich technoelagil a princip

kvality budovand ji2 ve Tazi ndvrhu studie.
Kancept Quality by Design, klery je v této
smirnici opakovang uvadén, pledstavuje
risadni zrmenu v chapani kvality klinickych
hednoceni. Kvalita jit nema byt zajifovana
primarné prostfednictvim kontral 8 auditd,
ale musi byt systematicky integrovina do
nidwrhu studie ji2 v ranyeh fazich jeji plipravy.
Zapajeni pacientd v této fdzi umodinje wias
identilikovat prvky protokelu, kieré mohou
bt madmirng zatédujic, logisticky obtifng
proveditelnd nebo klinicky malo relevantni,
Spoluprace § pacienty milie west k optimali-
zaci studijnich mvitéy, adbénd bialogickdho
Frateridlu i vyuiti decentralizovangeh prokl
studie (30

Viedle klinickych cill pacienti £asto upo-
zorfiuji na praklicks aspekty Odasti ve studii,
jaka je eedtovdni, administratival zatek, in-
wazivita vyletieni ¢ dopad na kvalitu 2vota
(10}, Inbegrace tichio perspektiv mise pispét
k realisti¢tdjlimu designu klinickyeh studii
a Hlepdeni jejich proveditelnost,

Smérnice ICH GCP A3 reflektuje techno-
legicky pokrak jako klidovy prostiedek k po-
sileni patient-centric piistupu v klinickém
wyzkurmu. Wyuiti digitalnich technologii,
wistné uméld inteligence, nositelné elektro-
niky, elektronickych informavanych souhlasi
nebo veddlendho monitorovani umaobiuje
realizaci decantralizavaryeh a hybridnich kii-
nickich studii, které rmohou vEznamne snikit
zibeE pacientd a zvplit dostupnaost vyzkurmu
pro didi populaci. Elektronicks informovand
spuhlasy predstavuji dilakity nbstio] pacient-
sky arientovansho vizkumu. Jejich dspédné
wyuditi viak vyZaduje jednoduche a bezpeing
aviieni identity.

VyEnam Eapajeni pacientd je soudaing
rdiiraznén i v etickych dokumentech upra-
wujicich klinicky wyzkum. Mejnovejii revize
Declaration of Helsinki, pfijats Waorld Medical
Associalion v roce 2024, sdlraziuje vyznarm
respekiu k ddastnikim swyzkumu a jejich ko-

munitam a podporuje jejich zapojeni do rie-
mypch Fzi vyzkumnéha procesu, wetnd ndsthu
studie a difeni visledii

Rostouci wyznam zapojeni pacientd je
patrny také v ablasti financovani vy ekumu.
Mrohé vefejné grantowd agentury dnes pa-
Eaduji nebo vyznamne podparuji sryshuplng
zapajeni pacientd £ pacientskych advokatd
do wyzkurmnmych projektd. Tento poadavek
je explicitnd fermulovin napiiklad v ramei
pragramil Horizen Europe [11), britskéhe
National Institute far Health and Care Research
neba amerického Patient- Centered Culcomes
Research Institute.

Navzdory rostouwcimu vyznamu PPl viak
oblast jeha praktické implermentace slstiva
v mnoha perich, wietné Ceské republiky, ve
fazi postupného budavani zkudenosti a in-
stituciondini expertizy. Zatimes nékierd za-
hranieni systéemy jik disponuji etablovanymi
maodely participace pacientd, feskd nermoe-
niéni a akadernickd centra teprve vytvafeji
prakticks mechaniamy pro systematicke za-
pojovani pacientd davyzkumi. V tarmto kan-
textu nabyvd na vyznamu sdileni zhudenosti
meri institucemi, inspirace mezinrodnimi
lramewarky a adaplace oviienych piistupl na
podminky deského rdravatnicke ho a vy zkum-
néha prostiedi. Postupné budovani prakticke
eaperlizy, vedélavani pacientskych zastuped
i vizkuranyeh tymd a rozvaj partnerské spa-
luprace tak predstavuii klidove predpoklady
pro dlouhedobe wdriitelnou implementaci
PRI da klimické ho vyzkume

Pfinosy zapojeni pacientd

pro klinicky vyzkum

1} Zapojeni pacientl do piipravy a realizace
Klimickyeh studii 2vyiuje jejich relavan-
ti a proveditelnost. Facienti pdinadeji
peripektivu realné zkudenosti & one-
mocninim, kterd dopliuje odbommy
pohled vigkumniki a parmaha formulovat
vzkurmne otazy.

[}
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Jednim z klidovich piinosd zapajend pa-
cientd je moknast [épe definovat vyzkumng
otdzky tak, aby odrately skutednéd patieby
patientiké populace. Zatimes viyzkumnici
e faalo zaméiuji na biologicke mechanis-
my anemocnéni nebo regulatomi pokaday-
ky. pacienti mohou upozornit na aspekly
oRemocnén, klerd maji zdsadni dopad na
jejich katdodenni ivot (12, 13), funkéni
schepnosti nebo kvalitu Zivota. Zapojeni
pacientd tak mide piispet k identifikaci da-
sud nenaplnényeh potieb (unmet nesds)
A pornoci zamefit vyzkum na klinicky rele-
vantni preblémy.

2) Design klinickych studii

Pacienti mohau rovnéld vyznamné pri-
speet k optimalizaci designu klinickich studii.
Jejich perspektiva mike byt cennd pii vibén
klinicky wyznammjch endpointd (4, 13), ze-
jrvéng v piipadé ukazatell zaméienych na
kwalitu Bvota nebo funkeni stav pacientd (1)
Soudawnd mohou pamoci identilikovat pre-
ky protokolu, kterd pledstavuji nadmérmau
zatéd pra Glasthiky, napfiklad dasté studijni
nvitivy, invazivai vyistieni nebo logisticky
MArOENS Postupy.

Zohlednéni téchto Taktord mide wist
k realistickému nastavend studijnich procedur
A pispet ke Zlepieni naboru a retence Giastni-
ki [0} Prakticke zhudenosti ukazuji, e studie,
Jejichi design reflektuje patfeby a moknosti
pacientl, dosahuji 2asto vyidi miry naborg
i lepdi sdberence k protokelu.
3b Studijni dokurnenty a komunikace s ddast-

niky

Materialy uréend Glastnikim klinickych
hodnaceni & ndborove dokumenty pied-
stavuji klicovée rozhrani mezi vyzkumngm
Lymem a pacientem. Jejich kvalita, srozumi-
telrast & prakticks poukitelnost maji piimy
dopad na Gspédnost nabery, informaovanast
dcastnikid i jejich disuhodabou spalupraci
ve studii. Zapojeni pacientd do jejich pii-
pravy umoliuje identifikowvat nejasné for-
mulace, nadmérnou adrministrativai zatad
& postupy, kKiend jsou v redlageh podminkach
obtiiné proveditelné. Pacienti mohou napfi-
klad pormoci upravit jazyk informovangch
souhlasd tak, aby byl srozumitelny pro dir-
ii populaci, nebe upozamit na informace,
kierd jsou pro potencidlni d2astniky studie
zvladnd dilekité.

114

Zapojeni pacientl pfi vyvoji
nastroji hodnoceni vysledki

Jednim z klidovjch aspektd patient-cen-
trie piistupu v klinickém vywaji je validace
nastrajl pro hodnoceni visledkd {Clinical
Culcome Assessments, COA), zejména paci-
entem hidtengch vistupl (Patient-Reported
Outeomes, PROL. Reguladni autarity povaiu-
Ji rané faze klinického vivoje [fze 1-11} za
aptimalni abdoki pro oveien jejich whad-
noati pro dang Odel” (fit-lor-purpose) (7, 13,
14). Hodnoeeni srapumitelnasti dotamiku
ak v registradni studii mobe pledstavovat
wyznamné videcke i regulatorni rizikeo, pro-
tode piipadné nedostatky mohou negativ-
fné avlivail interpretaci kidavich eilovieh
ukazatelie

W rarych fazich wiyvoje se proto vyuliva-
ji kegnitivai rozhovery (3, 14) jeognitive in-
terviews, cognitive debriafing), jejichk cilem
vl B pacienti spravoé rezumaji instruks
cim, jednotlivim polotkam | odpovédnim
ikdlam a ke hodnocend parametry odpovi-
daji jajich Zhulenosti  onermocnénim. Tento
postup wmokhuje was identifiboval nejasnég
formulace, nevhodné nastavend Skdly & ne-
piiméiend abdobi pro vybavend si piiznaki
(recall period), adhalit rozdily v interpretaci
rrveeEi skupinami pacientd a snilit 2a0ed respon-
dentd (13 Viasné testovani tak vyznarmns
snituje regulatamni rizike & posiuje wedeckou
rabustnost klinického programu,

W pediatricke populaci vydaduje testavani
stozumitelnosti wivajove piiméteny piistup.
U mladiich déti se poubivaji jednoduili jazy-
ko formulace, abrazkave Waly nebo alterna-
tiwni techniky, napfiklad farrmou hry 20 kresby.
Soucasné se ovefuje vhodnost hodnoticich
ikl | nastavend recall period. Pokud to wek
a kagnitivnd sehoprosti umoakiugl, dite by mé-
lo odpovidat samostatné Meni-li spolehlivy
sell-repart mokny, piechdzi se k hadnocend
pedovatelem (Dbserver-Aeported Outcome,
Obsfl), které e zaméfuje poure na objek-
tivne poraravatelnd projevy.

Role pacientského advokata
v klinickém vyzkumu

Klidavau postaveu PRI je paciensky sdvo-
kat, jeho? rali je nuing piesné vymezil. ¥ kon-
textu klinického vyzkumu nejde o pravnibo
zastupce, ale o tkolensha experta s piirmou

Hitou tkudenosti s konkrétnim onemocnénim
& jeho létbou anebo Enalosti procesd klinic-
kihe vizkurnu. Na rozdil od béného Gdast-
nika klinicke studie, ktery zdstava zdrajem
dat, vystupuje pacientsky advokat jako aktivni
tlen wyzkumnéha tymu, Casto v rali Patient
Research Partners (5, 11].

Pacientsky advakil piinddi do vizkumu
peripekiivu pacientske komunity a pormaha
identifikavat aspekty, které jsou pro nemocné
skutednd venamné. Vedle tradidnich klinic-
kyeh ukazateld e tak do papiedi doitivaji
pararmetry kvality rvota, funkini 2datnost,
payehosacislnich dopadd létby a zvlédnutel-
noati nekidowcich Odinki. Tyto faktory mohou
zasadné oviivioval nejen echotu pacientd
astnit se klinickpeh studii, ale | jajich divén
ve smysl wizkumu a praklickou wyuzitelnost
wyslediol

Pacieriliki organizsce piedstavuji dilesity
e Zpétne varby a foudenosti pacientske ko
munity. Jejich zapajeni podparuje komunikaci
mezi pacienty a dravetnickymi pracovniky
B piispivi k nazvoji péde orientovand na pa-
tieby pacientl.

Wyzvy a limity zapojeni pacient(

Mavzdory rasteuc podpede PP pletradvaji
vyEnamne piekatky jeho efektivni mplemen-
Ltace, woatné dominance védedkehao targonu,
nerowne dynamiky moci a omezend diverzity
zapojenych pacientd. V nékterych plipadech
mifike zapejeni pacientd 20stivat spide formal-
ni med skutednd partnerské,

W literatufe jo tento fenarmdn papisovan ja-
ko rizika tokenisrmu, kdy jsow pacienti do vyek-
mu Zapojovani primamé za iéelem naplnéni
farrmalnich pokadavki grantovych schémat 2
imstitudianalnich standardd, anif by méli reding
vliv na razhodovaci procesy |7, 14], definovani
wiyzkumepeh prianit netso interpretaci vysbedki
Takowy piistup mike oilabovat divén paci-
entiké kemunity a snifovat skutedny pinos
participace pra kvalitu wzkumu.

Daldi viznamnau wizvy piedstavuje rizi-
ko kooptace pacientskych zastuped, kdy pa-
cient postupné plebind perspektiva vyzkum-
miha tymu a 2irdcl schoprost reprezentovat
Fkuianoi dirdi pacientike kamunity (1) Dali
viEvou je opakovand rapajovani stejnéha
okrubu zkulenyeh patientskych zdstuped,
ok ke vhit k ormezend reprezentativnosti
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pacientiké populace. K odlideni smysluplmné-
ho zapojeni od sym bolickéhoe piistupu pispi-
vaji standardizadni ndstroje, jake jsou smér-
nice GRIPPZ, a vedélavac inicialivy zaméfent
na ratvoj kompetenc pacientskych zdstuped,
jako je EUPATI. Pistup k PPl da wizkumu vy-
kazuje v evropskérm prostoru Znadnou va-
riabilitu. Severské remé patfi dlouhodobe
mezi lidry, zatimeo ve stiedni Evrops, vietngé
Ceské republiky a Némedka, se PPl postupné
institucionalizuje (3, B). Viznamegm krokem
byl zalokeni ndrodni platiormy EUPATI ¥ ra-
oo 022, kterd vytvofila rarmec pro vedeldva-
ni pacientd v ablasti klinického vwekumu,
wywoje ldiv a regulace. Spoledné o daliimi
iniciativarmi, napfiklad CAATS pii Masarykove
univerzite, kierd se ve spoluprac s Centrem
precizni medicing ve Fakultni nernocnici Brmo
zaméiuje na identifikaci dostupnjch terapeu-
tickyeh moknosti pro détske pacienty € velmi
vzdengmi onemacnénimi a soutasngé podpa-
ruje kamunikaci mezi pacienty, klinickjymi

LITERATURA

1. Egheer i, Tanniaierad O K i - has o Bans esentation
Fatiert Enguagamant i Deug D lopmant. Healkh Expect
N | 32

X GenBlar §, kb E, Hooksay G, @t @l Pasind |resolva il ins
il Tk Coivi e . 200:241] 94

3, LS. Fosand aned Do Sckminsiation (FOAL Patint-Faous o
D Develiop mant: Coliscting Comgsehensaa and Rapra
Sl i prot [ o], PG 20000 fcitand 10 0-20006]. Awal
bt Pt P s Ciancd b iaihugaes®) TED M S G0 GE .
4. L5, Food and Deug Sdeminsiration (FOWL Patam-Focu
ad Diug Dereedopman: Inoorpadaing Clisical Outooane
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i Sudis

pracovidli a vyzkumnygmi tymy. Pedobné ini-
ciativy mohou plispet nejen k lepdi orientaci
pacientd v moknastech by a klinického
wizkurmu, ale také k posileni jejich role jako
infermovanych partnend v procesu vivoje
a hodnaceni novych terapii.

Zhudenosti 2 praxe ukazuji, ke wiasmé 2a-
pojeni pacientd vede k hmatatelnym zmé-
nim ¥ designu studii, snibeni zdteke Glastniki
a rvydeni eticke pfijatelnosti i efektivity kli-
nickéha vyzkurmu (15). Zohlednéni perspek-
tivy pacientd ji ve [dzi ndvrhiu studii Zarowen
urnokfiuje generovat data, kterd jsou lépe vy-
ufitelna pro hodnocend edravotnickych tech-
nalogi a rozhod ovani o dhraddch. Pararmetry
kvality 2iwota a funkini pdinosy léchy se tak
stavaji dileditym mostem mezi klinickym
wizkurmem, regulaci a redlnou destupnosti
inovativaich terapii pro pacienty. Soudaing
raste zjem o hodnocend skutedného dopadu
participace pacientd na kvalitu a efektivitu
wizhumu, Jednim 2 plistupd je systematicke

B A wmuigaim A, Prillips LR, Moo, ot al. Patient and Public
Irvaclvomant inRisoasche A Reviaw of Practical Resourcss T
oung Iesstiganass BRIC Rhaurmanal. JR3EN]|2

. Trea Lancit Haalthy Longsrity. ncraasng Fatknt and Pua
b Inveabssmiont in Chiucal Resoaich. Lancet Hiakiy Lan
i, 20045 R

B.Teng &, Schohes-Roberteon M, Havkay O, 4t al Fatient. Can
trad Chracal Trial Cesign. Man Res Maphnol 20231 BE)ESW-513
9 lackson-Paiy D, Cat-Sichiter £, Hasrry Dot al Patoent and
Pl ic brwachvirmant in HIV Raseancn A Mapping Raview and
Dhivslo pmiirt of an Crlira Evad enci Map J it AIDGS Soc
Lire o

1k LLE Fecd ared Diug Bdmindstation (FOAT Patent-Foou
siend D Dhiresboapurmea il Mistnecas sl dentify What b Impos
Gkt Patsanits [inkes ret]. FDW; 3003 (otad 10-03-2004]. Avai
La bk Troive hitpemviea hires guoasiou idanacar'd acu e ioati
- onc i d-de ugchivid ogerant-man hods- ety -what-im
POILanT- patients guidan

1. L5 Feod ned Dvug A i res i on (FO&) Fatent-Focuiad

HLAVNITEMA

dokurnentovani zmeén ve studijnich pratoka-
lech iniciovanych pacienty, napfiklad dprav
studijich navitéy, administrativni zatéde
nebo infarmovanych souhlasd, které umod-
fidje [&pe posoudit plinos PP pro realizac
klinickych studii.

Lawér

Zapojeni pacientd podle prineipl 1OH GOP
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strategie | materidly pro Gdastniky by mely
venikat ve spolupraci s pacienty, aby odpovi-
daly jejich potiebam a zhudenostem.

Serysluplng participace pacientd vy ladu-
je transparentni karmunikaci, respekt k jejich
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riznyeh skupin pacientd. Pouze za téchio
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CONCLUSION

8 Conclusion

This habilitation thesis examined IICTs from a system perspective, extending beyond
the traditional focus on individual studies, methodological approaches, or regulatory re-
quirements. Across the different areas addressed, it shows that the value and translational
potential of NCCTs depend not solely on scientific excellence, but on the interaction of rig-
orous methodology, proportionate regulation, sustainable research infrastructures, multidis-
ciplinary expertise, meaningful patient involvement, transparent evidence generation and
dissemination, and effective pathways for implementation into healthcare.

The publications included in this thesis illustrate the broad spectrum of contributions
made by NCCTs. They demonstrate how NCCTs and related concrete IICTs can contribute
to the optimisation of existing therapies, comparative evaluation of therapeutic strategies,
development of validation of approaches support precision medicine, investigation of
ATMPs, and generation of evidence addressing clinically relevant questions arising from
routine healthcare. Beyond individual clinical studies, the work presented also addresses the
conditions necessary for such research to be conducted effectively, including research ca-
pacity, regulatory support, collaborative infrastructures, and patient involvement. Together,
these contributions illustrate the complementary role of 1ICTs within the wider clinical re-
search landscape, particularly in addressing questions driven by clinical need and public-
health relevance.

A central perspective emerging from this thesis is an integrated view of 11ICTs within the
broader European clinical research ecosystem. Rather than viewing methodology, regula-
tion, research infrastructures, professional competencies, evidence transparency, patient en-
gagement, and implementation as independent components, the work presented demon-
strates their interdependence across the research continuum — from the formulation of clini-
cally relevant questions and generation of robust evidence to its interpretation, dissemina-
tion, and potential implementation in healthcare. This systems perspective shifts the focus
from success of an individual clinical trial towards the conditions required for clinically
relevant research to generate sustainable value beyond the study itself.

An important implication of this perspective is that the generation of scientifically robust
evidence represents a necessary, but not sufficient, condition for research impact. Evidence
must also be accessible and transparent, sufficiently relevant to patients and clinical practice,
and capable of being interpreted and integrated within healthcare decision-making. Strength-
ening NCCTs therefore requires investment not only in individual studies, but in the ecosys-
tem that enables them: methodological and regulatory expertise, multidisciplinary research
teams, national and European research infrastructures, professional education and capacity
building, meaningful patient involvement, and mechanisms supporting evidence translation
and implementation. As clinical research continues to evolve through precision medicine,
advanced therapies, real-world data and evidence, artificial intelligence, and increasing in-
tegration between research and healthcare delivery, investigator-initiated clinical research
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will continue to have an important complementary role within the evolving research land-
scape. Its close connection to clinical practice enables clinically driven questions to be in-
vestigated across the therapeutic lifecycle, including questions of comparative effectiveness,
optimisation of established interventions, treatment individualisation, and areas in which
evidence gaps persist despite limited commercial incentives. At the same time, emerging
methodological and technological approaches create opportunities to connect clinical trials
more closely with data generated in routine care and to support iterative cycles of evidence
generation, evaluation, and refinement.

Ultimately, this thesis supports the recognition of IICTs not as a collection of isolated
research activities, but as an integral component of a continuously learning clinical research
and healthcare ecosystem.

Its contribution begins with clinically relevant uncertainty: transforming unanswered
questions from clinical practice into methodologically rigorous research, generating trans-
parent and clinically meaningful evidence, and creating the conditions for that evidence to
inform subsequent healthcare decisions. Realising this potential requires the interaction of
investigators, patients, healthcare professionals, research infrastructures, regulators, funders,
and healthcare systems across national and European levels.

Within such an ecosystem, the value of 1ICTs extends beyond the individual trial. It lies
in the capacity to connect clinical need with evidence generation and evidence with practice,
while continuously returning new uncertainties from healthcare to research. Strengthening
this cycle is essential for a sustainable, responsive, and patient-centred clinical research en-
vironment capable of addressing questions that matter to patients, healthcare professionals,
and society.
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