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Preface

In mid-2012, Jennifer Doudna and Emmanuelle Charpentier published their now famous paper
in which they described the CRISPR/Cas9 system, a system by which a protein can be
programmed to elicit changes in DNA with extremely high precision (Jinek et al., 2012). This
method proved so trivial in its use that editing human DNA became more accessible than ever
before. Subsequently, at a conference in 2018, the Chinese doctor He Jiankui claimed that he
had employed the CRISPR system to make hereditable changes to embryos out of which two,
later three, children were born (Greely, 2019). The experiment, which was followed by
accusations of irresponsible actions and ethics violations, was aimed at providing these children
with increased resistance against the HIV virus. He’s actions prompted a large group of
scientists, Charpentier included, to call for a global moratorium on heritable genome editing in
an article in Nature (Lander et al., 2019). Doudna and Charpentier would go on to receive a
Nobel Prize in chemistry for their work in 2020, whilst Dr. He is reportedly held in a Chinese
prison (The Royal Swedish Academy of Sciences, 2020; Cyranoski, 2020).

These two examples are not the beginning of this story, nor are they the end, nor does singling
them out do justice to the decades, even centuries of work (e.g. the works of Wallace and
Darwin) that has been done in the field that can now best be described as genomics. What they
are, however, are examples of events that made the immanency and inevitability of the genetic
future more explicit and more widely recognized than ever before. Although the subject of
genomics might not be immediately captivating for most, oft used buzzwords such as designer
babies and revived fears of eugenics have made the subject more relatable to the masses
(Steinbock, 2008). Speculations about what the genetic future could look like are also nothing
new. Aldous Huxley’s famous 1932 dystopian social science fiction novel Brave New World,
although not directly touching upon genomics, covers the implications of a world in which
humans are engineered into an intelligence-based social hierarchy (Huxley, 1932). Much later,
in 1997, the film Gattaca is much more explicit in its references to genomics and explores a

society which is defined by its focus on eugenic practices (Niccol, 1997).

Referencing the work of Doudna & Charpentier, He Jiankui, Huxley, and Niccol has become
common in publications relating to the genetic future. In addition to the scientific relevance of
the former two, these works are highly significant in terms of their cultural relevance in hinting

at what our genetic future could look like. In recent years, this future is more and more



becoming the present, and many agree that what the human species is experiencing today is a

veritable “genetic revolution” (Metzl & Martin, 2019, p. 5).

Although definitions do vary, this genomics revolution is generally perceived as a convergence
of several (exponential) trends; an exponential increase in compute power, creation of big-data
infrastructure and emergence of artificial intelligence capabilities for the analysis of this data,
an exponential decrease in genome sequencing costs, radical breakthroughs in bio-tech tools
(e.g. CRISPR-Cas9), massive proliferation of knowledge and capacity (enabled by a scientific
community that is more connected than ever before), and lastly cultural changes with respect

to the attitudes people hold, and the behaviors they exhibit, regarding medical technologies.

The amount of potential offered by the genomics revolution is not easily summarized and
increases with every new discovery made. What is clear is that this new generation of tools
“has opened broad horizons for the development of applications with strong potential for
economic growth, social benefits, and cultural enrichment of communities worldwide”
(Jimenez-Sanchez, 2015, p. 4). Current hypothesized applications range from transforming
traditional healthcare by making use of newly obtained knowledge about the genetic basis of
diseases, utilizing genomic based bio-tech tools in the production of food and new materials,
managing, and protecting vulnerable ecosystems, to applications such as radical human
enhancement. Whether such developments will be good or bad depends on which values will
be incorporated in the to-be designed systems, and the values that one holds. What is clear is
that this is a powerful convergence, and thus, the importance of engaging with this subject and
deliberating about what humans want this future to look like is imperative.

The above is an ultra-condensed sketch of the broader landscape the current work is situated
in. Understanding that the topics to be discussed are part of a much broader and much more
radical, unquestionably technology-enabled, societal transition is vital for grasping the
significance of the issues raised. As a student of innovation sciences and human-technology
interaction, interested in radical technologies and ethics, the developments described above
grabbed the author’s attention. The potential for innovation, the potential to improve human
lives and to progress as a society, is captivating. Simultaneously, the potential risks involved
are significant. History is full of examples of projects created by engineers, politicians, and
others, who deemed that they could and should improve the lives of citizens in radically new
ways, the results of which did not always prove as beneficial as intended. Ever since engaging

with the material of technology and society as a young engineering student, these broader



aspects of technological progress have been the focus of the author’s perspective on issues of
technology and innovation. The paper ‘Do Artifacts Have Politics” by Langdon Winner (1980)
has been formative in this regard and has kickstarted an interest in the value-laden aspects of
technology and innovation.

What follows will be an attempt at exploring and illuminating some important aspects of this
genomics revolution. This thesis will focus on an application that is most imminent, and which
the author deems will affect the lives of large groups of people in the short term. Therefore,
this study will examine the large-scale incorporation of genomic technologies into regular

healthcare for the establishment of a system of predictive and personalized healthcare.

The departure point of this study are the EU’s plans for the digital transformation of health and
care, which seeks to employ the power of contemporary and future technologies, including
those belonging to the genomics revolution, to radically transform healthcare within the
European Union. The Netherlands is actively participating in this digital transformation and is
home to an ecosystem of genomics innovators eager to capitalize on the opportunity to radically
transform healthcare. The author’s focus is on alignment or misalignment of the different
factors and actors that are involved in this transition. Central to this is the role played by the
individuals that are both subject of and subjected to this new system of healthcare.

Circumstances are such that there is enormous potential for medical and bio-technological
innovation within both the European Union and the Netherlands. The author deems that
capitalizing on this opportunity will be tremendously valuable for people, both from a quality
of life and an economic perspective. However, for this to happen it is important to be vigilant
about those circumstances that might pose an obstacle to harnessing the potential benefits
afforded to us. The following is an attempt to uncover the value frictions at play between the
different stakeholders involved with the transition to genomics based personalized healthcare.
Furthermore, it is an attempt to uncover the relevant human behaviors at play for those

impacted by genetic testing, both patients and their relatives.

It is the author’s hope that this thesis will contribute to a tradition of research in this field that
seeks to harness the power of the genome, whilst making sure there is harmony between the
rights and interests of different actors and stakeholders, whether they are actively involved or
passively subjected generations from now. Ideally, this study will serve as a building block, no

matter how small, towards a fair and just genetic future for all.
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1. Introduction

A radical healthcare transformation is taking place. This transformation entails transitioning
from a system of reactive and generalized care to a system of predictive, preventative,
participatory, and highly personalized medicine (Liao & Tsai, 2013; Horgan at al., 2017). Due
to these four characteristics this new paradigm of healthcare is also referred to as P4 medicine
(Jakka & Rossbach, 2013; Flores et al., 2013). The great promise of this system is to truly put
the individual citizen at the center of healthcare using the power of genetics. It is described as
“a new approach to medicine in which inter-individual genetic differences help diagnosis,

prevention, and treatment of a health-related condition” (Salari & Larjani, 2017, p. 209).

Whilst up until recently the notion of such a large-scale healthcare transition was regarded as
speculative, at present the core elements of the P4 vision have gained widespread acceptance
(Flores et al., 2013). Some even speculate that “within the next decade, healthcare
professionals will be using genomic data to diagnose and manage their patients” (Josephs et
al., 2019, p. 269; Chute & Kohane, 2013). Although targeted forms of genetic testing are
already common in healthcare, this new system is so fundamentally different from the current
one that this transformation is regarded by some as a paradigm shift in the field of medicine
(Weston & Hood, 2004; Belliger & Krieger, 2018). It is noted in reviews that, whilst not exactly
similar in meaning, the terms genomic medicine and personalized medicine are largely used

interchangeably in literature (Salari & Larjani, 2017).

The genomic technologies that drive this change are regarded as disruptive and transformative
(Gaff et al., 2017; Manyika et al., 2013). One of the main catalysts of this transformation is an
increased understanding of the human genome and an increased ability to translate this into
knowledge that is applicable in everyday medical practice (Horgan et al., 2015). Major drivers
of these developments have been several recent breakthrough developments in the field of
genomics, as well as developments in other fields that converge to enable this radical

transformation (Brittain et al., 2017).

For example, next-generation sequencing methods (NGS) allow for the collection and
sequencing of human genomic data on an unprecedented scale, whilst new tools (such as
models of analysis employing forms of Artificial Intelligence) have radically increased the
amount and nature of meaningful information that can be extracted from large datasets

(Goodwin et al., 2016; Koboldt et al., 2013). This extracted information can subsequently be



fed back into the system to provide care based on an individual’s genetic profile. Multilateral
knowledge sharing and cooperation will only amplify the effectiveness of this system (Bogaert
& Van Oyen, 2017). Specifically, based on population data, individual genetic profiles can, for
example, be employed “to identify the best possible drug and therapy for a given patient and
reducing adverse effects ” (Jakka & Rossback, 2013, p. 1). It is thus genomic data that will be
the catalysts for a radical healthcare transition. A transition to a genomics-integrated healthcare
system can also be expected to elicit profound changes in ideas, behaviors, organizations, and
institutions (Perez, 2004; Gaff et al., 2017). The issue at hand is thus one that affects both

individuals and society at large.

Although the potential of genomics to transform clinical care was recognized long before some
of the more radical recent breakthroughs, progress towards practical implementations has been
relatively slow (Manolio et al., 2013). Some argue that the incorporation of genomics into
clinical care is unlikely to occur by diffusion, and instead requires targeted support to be
realized (Hamilton et al., 2014; Gaff et al., 2017). To better understand the current pace of
progress and to examine where additional support might be needed it is useful to understand
the innovation ecosystem, a systems approach in studies of complex phenomena (Granstrand
& Holgersson, 2020). Important elements of the innovation ecosystem are “the evolving set of
actors, activities, and artifacts, and the institutions and relations [...] important for the
innovative performance” (Granstrand & Holgersson, 2020, p. 1). This entails that there needs
to be alignment between actors and factors in the innovation ecosystem for innovation to be
realized. In this case, this requires understanding the values that each of the stakeholder groups
hold, and how these translate into their requirements of the overall system. It also requires an
understanding of how such requirements relate to the available resources. Although genetics is
important, environmental and behavioral factors significantly influence individual health.
Understanding the potential of a healthcare transition thus also requires a proper understanding

of human behavior.

One of the most important stakeholder groups in this transformation is the public at large, both
as a collective and as individuals. Bioethicists have shown great interest in this topic, for
example with regards to common good issues of public health and those of individual and
collective privacy (see Salari & Larijani, 2017). Although this ethical perspective is of great
importance, it fails to capture another valuable perspective. It has been shown that the way an
issue is conceptualized, and thus the amount of psychological distance to that issue

experienced, influences prediction, preference, and action. This is known as the Construal-
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Level Theory of Psychological Distance (see Trope & Liberman, 2010). Approaching the
issues at hand from an abstract ethical perspective takes place on a different construal level
than the cognitive process of individuals, as patients and consumers, when directly interacting
with healthcare system (Trope & Liberman, 2010). The scope, type and amount of information
considered, and how this information is weighed is expected to vary between the two. Indeed,
across literature, it is found that abstract thinking leads to stronger moral judgments
(Martensson, 2017). This could give rise to value-friction between what is valued from a more
abstract, moral perspective, what is valued by affected individuals, and the actual behaviors

exhibited by individuals as patients in this new healthcare paradigm.

Further complicating the matter is the phenomenon of the intention-behavior gap, the
observation that individuals often behave in ways inconsistent with their stated intentions
(Sheeran & Webb, 2016). A related phenomenon is the attitude-behavior gap, the observation
that individuals often behave in ways inconsistent with their stated attitudes (Farjam et al.,
2019). For example, research from the field of ecology shows that environmentally conscious
attitudes are not necessarily reflected in an individual’s consumer behavior (Gupta & Ogden,
2006). With regards to privacy, this observed dichotomy between attitudes and behavior is
referred to as the privacy paradox (Kokolakis, 2017). Understanding the complex interactions
between intention and behavior is imperative if one aims to utilize genetic information to

promote and support health directed behaviors in patients.

The European Union has recognized the potential of a genomics-based healthcare
transformation and has made the digital transformation of health and care (also referred to as
EU eHealth) a core part of the EU’s Digital Single Market (DSM) strategy (European
Commission, 2018). The shape of the system resulting from this transformation is thus in part
dependent on the policies set forth by the EU. However, it remains unclear how to capitalize
on this opportunity in a way that is in the best interest of the citizens. Doing so requires striking
a careful balance between the values and interests of the different stakeholder groups. One
broadly voiced concern is that “poor decisions could greatly reduce the benefits that could
potentially arise from genomic medicine” (Gaff et al., 2017, p.1). The nature of this research
is largely exploratory; it aims to outline and disentangle the issues and conflicts at play
regarding this emerging phenomenon in the ethics-policy-behavior triangle. This study will
examine and map both possible (value-) friction between different stakeholders and the role of
human behavior in a system of personalized healthcare, focusing on the developing innovation

ecosystem in The Netherlands.



1.1 Research-questions

There is significant capacity and willingness, both nationally and in an EU context, to capitalize
on the afforded opportunities that enable the extraction of the latent value of genetic data for
improved healthcare. The incorporation of genomic innovations into clinical care is however
unlikely to occur by diffusion and instead requires targeted support to be realized. Therefore,
for this innovation to be realized, alignment needs to be established between the different actors
and factors that make up the innovation ecosystem. Supporting such alignment encompasses
understanding the values held by each of the stakeholder groups and how these values translate
into requirements of the overall system. This research aims to identify loci of (value-) friction
within or between different stakeholders and resulting obstacles for the coherent
implementation of personalized healthcare. Realizing outcomes that relate to a specific value
might require one to compromise on another value, held by oneself or other stakeholders. The

first research question is as follows:

RQ1: Which (value-) frictions exist within or between different stakeholders, and what are

the obstacles they pose for the implementation of personalized healthcare?

Additionally, this research takes a special interest in the role of patients and their behavior in
relation to a system of personalized healthcare. The research aims to characterize patients’ and
relatives’” engagement and responses in relation to genetic healthcare, to discuss these and their
possible implications for a genomics-integrated system of highly personalized healthcare. The

second research question is as follows:

RQ2: What are the reactions and behaviors exhibited by patients and relatives in relation to

the process of genetic testing in healthcare, and which factors have influenced them?

The research will consist of semi-structured interviews with a diverse set of relevant
stakeholders, a method of exploratory inquiry that is well established in the social sciences.
Although this project is placed within the broader scope of the EU transformation of health and
care, the geographic scope is limited to The Netherlands. By constraining the scope to The
Netherlands specifically, the stakeholders are not just occupying a space in a theoretical
ecosystem. Rather, many of the stakeholders that will participate will be engaged in actual
relevant interactions or collaborations with each other. This means that the data obtained with
regards to value frictions will be contextualized by the actual frictions experienced between

stakeholders.
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2. Literature review

The current section will provide a review of relevant literature and is aimed at gaining an
understanding of the broader genomics revolution, the dominant ethical issues discussed in
literature, and the psychological mechanisms relevant to individual behavior in this domain. In

addition, the role of the EU in facilitating and building (inter-)national ecosystems is covered.

Relevant literature was identified through both online searches and expert polling. An initial
search was performed based on the broad topics genomic medicine landscape, ethical issues in
personalized healthcare, and psychological factors in individual behavior in the context of
healthcare. Based on this preliminary search, search terms were formulated and refined.
Subsequently, relevant academic articles and studies were identified through web-searches in
online repositories and databases, predominantly JSTOR, PubMed, and Google Scholar. A
significant amount of literature was identified by examining references included in the
literature identified through database searches. Additionally, literature was identified through
direct recommendations from supervisors to the project and other academics. Relevant
publications from the European Union have been identified through web-searched in the EU

Publications Office’s online database and on the European Commission’s website.

The literature review begins by introducing the ecosystem approach to innovation and
illustrating why it is an appropriate approach to analysis the genomic medicine transition.
Subsequently, the concept of a genomics revolution is explored, as well as its implications and

desirability. This is followed by a short discussion of the current role of data in healthcare.

Next, several of the key ethical issues surrounding genomics-integrated healthcare and the
value-tradeoffs within or between stakeholders are explored. Subsequently, the psychological
mechanisms underlying inconsistencies between individuals’ values or intentions and their

overt behavior are examined.

Lastly, the potential for a genomics revolution in Europe and the steps taken by the EU to
facilitate this are examined. The section concludes by summarizing which insights are currently

missing from the literature and outlining the contribution this project aims to make.

2.1 Ecosystem approach to innovation

The current project takes an ecosystems approach to examining the innovation taking place.

Innovation ecosystems describe “collectives of heterogeneous, yet interdependent, actors who
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jointly (co)create a system-level output” (Ritala & Thomas, 2023, p. 3). The ecosystems
approach emphasizes synergistic value-creation, which allows actors to meet complex long-
term macro-level challenges unlikely to be met independently. In an attempt advance the
conceptual rigor of the concept, Granstrand & Holgersson (2020) defined innovation
ecosystems as “the evolving set of actors, activities, and artifacts, and the institutions and
relations, including complementary and substitute relations, that are important for the
innovative performance of an actor or a population of actors” (p.1). Alignment between
elements of the ecosystem is required to realize this system-level outcome. Misalignment can
induce friction between elements of the ecosystem and can pose barriers to realizing the
intended outcome. Eco-system approaches are used both descriptively to analyze, and

prescriptively to build, innovation ecosystems.

The transition towards a genomics-integrated healthcare system is indeed a case in which
heterogeneous, interdependent, actors are working to co-create a system-level output. Expertise
and activities in important elements of the system (such as data collection, analyses,
diagnostics, and interventions) are spread across a set of actors and require alignment for value
to be created at the aggregate level (Horgan et al., 2017). European and Dutch initiatives
regarding the transition to personalized healthcare emphasize eco-system building activities in
their approaches, including stimulating collaboration between a diverse set of stakeholders, and
the creation of unified infrastructure and governance frameworks (European Commission,
2018; Nationaal Groeifonds, 2021).

Given the above, the innovation ecosystem approach is the most suitable approach to analyzing
the transition to personalized medicine in this study. It is aimed at understanding the values
that each of the stakeholder groups hold, how these translate into system requirements, and
how such requirements relate to the available resources in the ecosystem. Based on this, friction

that is present between elements of the ecosystem can be identified.

2.2 Genomics Revolution

The topic of interest is situated within a broader landscape that is currently undergoing a radical
transformation that is referred to as the genomics revolution (see Yudell & DeSalle, 2002;
Jimenez-Sanchez, 2015; Metzl & Martin, 2020). This genomics revolution is perceived as a
super convergence of several key trends, some of which are exponential in nature: an
exponential rise in computing power, rise in big-data infrastructure, rise of artificial

intelligence capabilities for data analysis, exponential decrease in genome sequencing costs,
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radical breakthroughs in genomic bio-tech tools, accelerated proliferation of knowledge and
capacity due to globalization of science and technology, and a cultural landscape with
increasing acceptance and adoption of medical technologies (Bauer et al., 2014; Hassan et al.,
2022; Metzl & Martin, 2020). Especially with regards to the tools for data management and
analysis, some state that it “is impossible to imagine how the genomics revolution can be
clinically implemented without a future in which we use technology to acquire data inputs
required for risk analysis” (Snape et al., 2019, p. 276). Applications based on this new
generation of genomics “show a significant potential to contribute addressing global
challenges, such as human health, food security, alternative sources of energies, and
environmental sustainability” (Jimenez-Sanchez, 2015, p. 2). Due to this widespread nature of
possibilities afforded, this progress is also referred to as genomics innovation (Jimenez-
Sanchez, 2015). Although this has given rise to plenty of interesting hypotheses about the
future, the scope of the current project will be limited to what these developments mean for the

imminent transformation of regular healthcare.

This project thus concerns what is referred to as genomic medicine, which is most concisely
summarized as “the use of information from an individual’s genome in the diagnosis and
management of their condition” (Gaff et al., 2017, p. 1). Although genomic medicine in some
form has been practiced for decades (previously referred to as medical genetics, see e.g.,
Roberts & Pembrey, 1963), current developments make it such that genomic medicine in its
contemporary form “will become increasingly relevant to a broad range of health
practitioners” (Gaff et al., 2017, p. 1). Before discussing some of the current applications of
(genomic) data in healthcare, it is important to consider why a genomics revolution is desirable,
and for whom. That is, what are the benefits afforded by a system of genomics-integrated

healthcare, and which of the stakeholders would be affected by these benefits.

To illustrate some of the proposed benefits of genomic medicine it is useful again emphasize
the 4 P’s that are core characteristics of this new paradigm of healthcare; predictive,
preventative, participatory, and highly personalized medicine (Liao & Tsai, 2013; Horgan at
al., 2017; Jakka & Rossbach, 2013; Flores et al., 2013).

Currently, there are several possibilities to screen for a variety of simple disorders, such as
single-gene disorders, in specific cases. Such applications have become widespread, as
“Qenetic testing results for highly penetrant ‘pathogenic’ variants (mutations) have been used

in clinical practice for several decades” (Bauer et al., 2014, p. 482). One example is in the
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case of preimplantation genetic diagnosis (PGD) during IVF treatment, where embryos are
screened for a variety of single-gene disorders, especially when they are deemed at risk due to
known heritable disorders in one or all of the parents (Simpson et al., 2017). Prenatal genetic
diagnosis does the same but with respect to a fetus instead of an un-implanted embryo (Bauer
et al., 2014). Other examples include “pediatric and adult-onset genetic conditions, and
predictive testing for highly penetrant adult-onset conditions and treatment of cancer” (Bauer
et al., 2014, p. 482; Shashi et al., 2014). Advanced in genomic profiling of cancers has also
resulted in an increase in the availability of targeted therapeutics (Ginsburg, 2013).

Another example of the potential of genetic data to facilitate personalized interventions is found
in the field of pharmacogenomics. Pharmacogenomics is concerned with genomic influences
of drug metabolism and can provide care givers and patients with insights into the effectiveness
and possible complications of certain drugs for an individual, and help medical professionals
determine the optimal dose for a patient (Biesecker et al., 2012). A recent study across seven
European countries showed a significant reducing of clinically relevant adverse drug reactions
when using pre-emptive pharmacogenetic testing to tailor treatment and dosage for patients
(Swen et al., 2023).

Some genetic tests have been so well established as being capable of identifying a large variety
of disorders that they “have inspired stakeholders with commercial interest to provide direct-
to-consumer (DTC) testing for genetic variants associated with certain health conditions”
(Bauer et al., 2014, p. 479). At the same time barriers to the widespread incorporation of such
tests into routine medical practice have proven tough to overcome. Cited by clinicians as the
predominant reasons for not incorporating genetic testing into patient care when assessing
predisposition to diseases and drug response are both uncertainty about the available tests and

a lack of training and guidelines (Najafzadeh et al., 2012).

A genomics-integrated healthcare system would improve this situation in two major ways. In
such a system, genetic screening would not be an exception applicable to specific situations,
but rather the norm. In addition, due to an increase in tools, genomic data can be deciphered to
identify and diagnose increasingly rare and complex disorders (Josephs et al., 2019). In this
way, a genomics-integrated healthcare system would offer the potential for screening for both
simple and complex disorders on a population level. Being able to apply such techniques to
large groups is a true breakthrough, as “being able to reduce morbidity and mortality by

identifying individuals at risk for developing a condition is not a new concept but screening at

14



a genomic level is” (Snape et al., 2019, p. 276). Not only would this radically improve health
or disease management for the individual, but it would also allow for improved risk
stratification for relatives (Josephs et al., 2019). The widespread availability of genetic data of
patients would also allow for general preemptive genotyping, the practice of predicting drug

safety and efficacy based on genomic information (Ginsburg, 2013).

Another important characteristic of the widespread of use genomics in healthcare is the
potential for an even greater overlap of healthcare and medical research. Already, to provide
just one example, “the application of massively parallel or next-generation sequencing (NGS)
to large-scale cancer genomics discovery projects has revealed extraordinary new information
about the underlying genomic drivers of cancer development and progression” (Berger &
Mardis, 2018). Such discoveries in turn lead to the development of new treatments. More
broadly, the widespread availability of genetic profiles op patients offers new potential to carry
out Genome Wide Association Studies (GWAS; see Visscher et al., 2012 for a review of this
experimental methodology). In turn, the insights obtained from such studies will be fed back
into the healthcare system to improve care for increasingly rare and complex disorders. The
potential for such overlap is demonstrated by the enormous research output of DTC genomics
companies such as 23andMe, which has demonstrated the capacity to capitalize on their client-

enabled proprietary biobanks (Stoeklé et al., 2016).

A genomics-integrated healthcare system would entail major changes in the way clinicians and
other healthcare professionals work. One argument that is often raised in favor of the use of
technology in the workplace, usually in the context of automation, is that it would relieve part
of the workload such that professionals can focus on those aspects of the task in which their
human skills are most valuable. NASA researcher Paul Schutte refers to this as complemation,
“complementary technology that is designed to enhance human skills and abilities” (Schutte,
1999, p. 113). In the context of genomic medicine this would entail that the medical
practitioners are provided with crucial information based on a patient's genome, which would
“enable the clinician to focus more on the clinical skills requiring human interaction — face-
to-face shared decision making, with a holistic approach encompassing educational, cultural

and personal issues” (Snape et al., 2019, p. 276).

2.3 The Datafication of Health

Although the transition to this new system of healthcare will be a radical one, there are already

elements with regards to the use of data present in the current system. One example is the use

15



of Electronic Heath Records (EHR), a central repository of information related to a patient, to
facilitate dating sharing between different healthcare providers to improve quality of care
(Kierkegaard, 2011). Whilst some EU countries have been successful in implementing this
system, others have not, resulting in “a patchwork pattern of eHealth use” (Kierkegaard, 2011,
p. 504). This is one of the reasons for the emphasis on integration and interoperability in the

development of the current generation of EU eHealth tools (European Commission, 2018).

Other examples include the increased popularity of self-tracking devices or apps by individuals,
such as wearable health and fitness trackers (Fox, 2012). It has been shown that users of such
devices feel empowered to make some decisions pertaining to their health (Pingo & Narayan,
2019). Observing the results of such decisions also resulted in a sense of gratification and
control (Pingo & Narayan, 2019). Furthermore, willingness to share information collected by
self-tracking devices with health care providers has been observed to be relatively high (Rising
etal., 2021). These developments have led some to argue that self-tracking may become a key
element of personalized medicine (Norris, 2012). However, as the use of ever more complex
data in clinical decision making is increasing, “the implications of data volume, complexity,
and in some circumstances ethical and legal issues add new dimensions to the implementation

of genomic information into patient care” (Chute & Kohane, 2013, p. 1467; McGinnis, 2009).

The increased collection and use of data pertaining to our individual and collective health, by
individuals as well as institutions, is referred to as the datafication of health (Ruckenstein &
Schill, 2017). The term datafication is used more broadly to describe the developments in
which data-intensive practices have come to strongly influence contemporary life. It refers to
the large scale “conversion of qualitative aspects of life into quantified data” (Ruckenstein &
Schill, 2017, p. 261; Mayer-Schénberger & Cukier, 2013). The movement toward datafication
has already come to affect health and healthcare in two separate ways. There is the first, which
applies to healthcare institutions, in which datafication of health can be seen in the use of tools
such as electronic health records, as previously mentioned. In recent times, datafication of
health has also been patient driven, with ever increased use of self-tracking apps and devices
through which patients themselves are empowered to quantify health related aspects of their
lives. However, one might be warranted in questioning who exactly is empowered in this
context (Ruckenstein & Schiill, 2017).

One of the important issues raised by the literature on the datafication of our lives is the power
that data both provides and exerts. For example, some scholars have pointed out the
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“asymmetric relations between those who collect, store, and mine large quantities of data and
those whom data collection targets” (Andrejevic, 2014, p. 1673). This asymmetric relation is
often said to lead to a divide between the data-rich and the data-poor (Boyd & Crawford, 2012).
Such asymmetric power relations raise questions about the power and role of individual
behavior and decision making within the system, and to what extent a preference for policy

that empowers the individual might be warranted.

There are examples of consumer genetics companies that have successfully partnered with the
pharmaceutical industry to monetize the data that is provided to them by their costumers, as
mentioned earlier in relation to 23andMe’s research output (Van Dijck & Poell, 2016; Stoeklé
etal., 2016). Fears of privacy violations voiced by critics of the company were confirmed when
it was revealed that a 2023 security breach had exposed the personal information of 6.9 million
of their costumers (Helmore, 2023). In his book The Politics of Life Itself, on the politicization
of medicine, human life, and biotechnology, Nikolas Rose refers to the value that our health
data holds as bio-capital (Rose, 2006). In addition to being a scientific, social, and ethical
matter, the genomics revolution and accompanying healthcare transition is also an economic

issue. The value that this data holds could therefore be one of the possible loci of friction.

Due to the value that it holds some scholars warn about the risk of exploitation of personal
health data (Nafus & Neff, 2016; Clarke et al., 2003). According to Nafus & Neff, the
commodification and exploitation of personal health data are just two dimensions in the much
broader trend of biomedicalization. This broader process is not limited to new modes of
“production, distribution, and consumption of medical information but also new forms of
technoscientific objectification of bodies” (Ruckenstein & Schull, 2017, p. 264) as they are
“abstracted from real time, actual location, and social space” (Lock, 1993, p. 371). Others
have warned that “the advent of big data brings with it new and opaque regimes of population
management, control, discrimination and exclusion” (Kennedy et al., 2015, p. 1). Concerns for
such asymmetric relations and control do apply to governments but are also often raised with
regards to the involvement of private entities. On the other hand, private investment in the
development of tools and services that make up the ecosystem of personalized healthcare is
driven by search for financial returns, and a lack of financial incentive for private investment

in the sector might hamper or delay innovation.

17



2.4 Ethical Perspective

The issues surrounding a potential genomics-integrated healthcare system are an example par
excellence of how the interaction between humans and technology can give rise to ethical
issues. Not only is human biology the subject that is codified or datafied through these
technologies, but it is also humans that will be subjected to a new system of healthcare. In a
broader sense, it is by way of these new technological tools that the way humans relate to
themselves, and others is mediated, and so helps to constitute both humans and our morality in
a different way. Post-phenomenological literature would describe this as technological
mediation of moral subjectivity (e.g. Verbeek, 2008). This also relates once again back to the
theory of biomedicalization, the idea that “biomedicine is being transformed from the inside
out by densely elaborating technoscientific interventions” (Clarke, 2014a, p. 137; Clarke et al.,
2003). This process, and the interwovenness of human bodies and technology, brings with it
increasingly complex ethical dilemmas and tradeoffs. Whilst there is some precedent for
dealing with similar issues in the context of traditional medical genetics, the ethical challenges
at play here are qualitatively different. Especially the breadth and width of the information
obtained through new methodologies such as GWAS “requires rethinking of how to implement
core ethical principles” (Ormond & Cho, 2014. p. 211).

As with any socio-technical transformation, part of the relevant ethical considerations concerns
the technical aspects. In the case of genomic medicine, ethical issues arise, for example, with
regards to the technologies used for sequencing and diagnosis (for examples, see Matthijs et
al., 2016). Although there are many, two examples of such issues are the reliability and
analytical and clinical validity of diagnostics (Bunnik et al., 2011). Whilst traditional genetic
testing might have focused on single gene mutations, the diagnostics that are part of the
genomic revolution will concern complex interactions between a massive number of genetic
mutations. Before such methods are implemented, they must be proven to be reliable, and work
as intended. In turn, this requires new methods for evidence and validation. Although it is
important to be cognizant of the existence of such issues, issues relating purely to the technical

aspects of sequencing and diagnosis are beyond the scope of the current work.

The remainder of this section will focus on the ethical issues relating to integration of genomics
in the healthcare system. The next section describes some of the ethical issues that relate to the
core premises of a system of genomic medicine and the genomic innovation taking place.

Subsequent sections each cover specific ethical issues relating to genomic healthcare.
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2.4.1 General ethical issues
Some of the ethical issues do not concern any specific characteristic of the use of genomic

medicine, but rather the whole concept of genomic medicine itself. Some have argued that “a
focus on genetic factors as causes of disease will downplay other important influences”
(Clarke, 2014b, p. 2). This phenomenon is referred to as ‘geneticization’ and mirrors some of
the arguments voiced with regards to genetic determinism and the reductionist nature of
datafication in general. Clarke argued that geneticization comes with a political agenda, as
focusing on the individual genetic basis of disease diverts attention away from public health
measures that might impact collective health in a meaningful way, stating that it is “therefore
attractive to those who wish to diminish the scope of public and collective action” (Clarke,
2014b, p. 2). This shift in focus could, for example, impact funding priorities of public health
institutions (Evangelatos et al., 2017). However, genomics also provides the tools to
specifically separate the environmental and lifestyle contributions to disease from the genetic

ones, thereby enabling a more nuanced understanding of both.

Possibly one of the one of the most relevant ethical concerns is the clinical utility of genomics-
based healthcare, and the timeframe within which such clinical utility will be realized (Bunnik
et al., 2011). Clinical utility refers to the likelihood that some intervention will result in
improved health outcomes. In order for novel methods for diagnosis and treatment to be
implemented in an ethically sound way, it has to be assured that the benefits of such an
intervention outweigh the risks negative health effects for patients. Those risks relate to the
procedures themselves, for example, risk of inaccuracies in diagnostics for complex conditions,
or in the form of risks of unintended side effects of certain types of doses of medication. Beyond
direct clinical utility, risks to patients’ health also include the added stress and worry from

predispositions that might never end up manifesting.

Currently, there are no widely accepted standards for sequence quality and analytic validity
(Ormond & Cho, 2014; Feero, 2020). This is problematic, as diagnosis through WGS is
currently still subject to several types of errors in accurately identifying pathogenic mutations
(Chrystoja & Diamandis, 2013). The number of direct-to-consumer services that employ WGS
to make insufficiently corroborated claims with regards to a wide variety of conditions is cause
for concern (Hogarth et al., 2008). Some countries (including The Netherlands) therefore only
allow licensed clinics to perform any kind of human gene sequencing (Abbing, 2009). In
addition, a protocol adopted by the Council of Europe requires that “genetic testing services
meet generally accepted criteria for scientific validity and clinical validity, that clinical utility
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be assessed, and that all genetic testing, whether offered direct-to-consumer or through a
medical practitioner, be accompanied by genetic counseling” (Ormond & Cho, 2014, p. 216;
Lwoff, 2009). DTC testing services are nevertheless broadly available, as policies are either
unapplicable or challenging to enforce for providers based abroad (Rigter et al., 2021).

In the transition to personalized medicine, it is crucial to assess not only the effectiveness of
interventions on an individual level but also their broader impact on the healthcare system for
the collective benefit. While it is important to assess in which cases and contexts a transition
to a genomics-integrated healthcare system can lead to improved healthcare outcomes for
individuals, evaluating such outcomes should consider the amount of (public) resources they
require in relation to the amount of benefit derived. Scholars have argued for an evidence-based
approach in assessing where and when genomics-based healthcare can impact health outcomes
for patients (Ormond & Cho, 2014; Evans & Khoury, 2013). Evans & Khoury advocate for
carefully considering “which of the many promising facets of this new field offer real and

tangible improvements in care” (2013, p. 268).

As alluded to before, scholars also warn that premature and casual implementation of an
attractive technologies, without the due diligence that is required, may result in premature
termination (Salari & Larijani, 2016). In the past, such hasty implementations have irreversibly
damaged the image of promising technologies, possibly resulting in prolonged suffering by
those that could have benefited from the technology had its rollout been more cautious. An
example of this is the 1999 death of Jesse Gelsinger, an 18-year-old man participating in a gene
therapy trial for a genetic disorder, who died due to a severe immune reaction triggered by the
treatment (Lezaun, 2010). The regulatory scrutiny and extensive reassessment of safety
protocols as a response to the exposed unforeseen risks and inadequate safety measures delayed
the progress of gene therapy research for years. Especially in the field of medicine this is
problematic as “the zero-sum landscape of health-care funding can least afford it” (Evans &
Khoury, 2013, p. 268). That is, resources can quickly be diverted away from promising research
projects as political support dwindles in the wake of events such as the Gelsinger case. The fact
that genomic technologies are an attractive target for hype increases the need for evidence-

based based approaches in assessing their potential (Hansson, 2010).

Whilst the issues touched upon so far are quite general, there are many specific examples of
relevant ethical issues. Although not exhaustive, the remainder of this section will summarize

some of the most relevant and pressing issues with regards to personal genomic medicine.
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2.4.2 Informed consent
One of the central values in Western healthcare systems is that of patient autonomy (Varelius,

2006). This value entails that patients have a moral right to make autonomous decisions about
their own bodies (Rego et al., 2020). Generally, this moral right to autonomy is accompanied
by a legal right. This has led to the practice of gathering informed consent, which is “the
process by which clinicians and biomedical researchers gather autonomous authorization for
a medical intervention or research participation” (Rego et al., 2020, p.2). Autonomous
authorization in informed consent is based on four core presuppositions; competence,
voluntariness, adequate information, and comprehension (Bunnik et al., 2013). The informed
consent process in genetic testing involves counseling to ensure all information about the
medical intervention or research study is both adequately conveyed to and understood by the
patient. Although definitions vary, informed consent typically requires that “a competent
patient be provided with sufficient information about a procedure and the associated benefits,
risks, and limitations to make an informed decision about whether to proceed with treatment”
(Ormond et al., 2010, p. 1749). Developments in the field of genetics, such as WGS, however
“demand a rethinking of traditional interpretations of the concept of informed consent [as
they] challenge the feasibility of providing adequate pre-test information and achieving
autonomous decision-making” (Bunnik et al., 2013, p. 348).

The models of informed consent practiced with regards to traditional genetic testing can be
characterized as thorough and conservative, with high specificity with regards to the data that
is collected and the information that is reported back to the patient. This approach is possible
as traditional genetic testing is highly targeted and generally performed with regards to a
specific condition (Bunnik et al., 2013). In this context, genetic testing is typically performed
as a result of either clinical indications or a family history. Patients are informed at length about
testing options, risks, benefits, and possibly limitations, and can discuss these with healthcare
professionals such as, but not limited to, clinical geneticists and genetic counselors (Ormond
& Cho, 2014). This the process of counseling extends beyond the informed consent procedure
and includes the return of results. Psychological research has demonstrated that patients often
have difficulty understanding and applying the concepts of risk and probability (Peters et al.,
2006). During the process of genetic counseling, these professionals aim to effectively address
and support a patient’s emotional response to the outcome of the test, which can be amplified

if there is a family history with a disease (Skirton et al., 2013).
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In contrast, WGS in the context of genomic medicine is untargeted and allows for huge amounts
of information to be extracted. In addition, the information obtained can increase even long
after initial testing, as knowledge about the genetic basis of conditions perpetually expands.
Even though most of the information obtained from WGS will be of unknown meaning and
significance, the average person might need to be informed about around a hundred risk factors
found in their genome (Ormond et al., 2010). With a limited amount of counseling resources,
this makes it unfeasible to, when obtaining informed consent, discuss this information at the
same level of detail as when informing patients about a single risk factor. This has led some to
question “whether it is even possible to satisfy the previously accepted standards for informed

consent for tests with such expansive implications” (Rego et al., 2020, p. 4).

Solutions have been proposed to mitigate the issues regarding informed consent caused by the
large number of results obtained through WGS. Some of these solutions have taken inspiration
from how incidental or secondary findings (IF) are currently treated. An incidental finding is
the unintentional discovery of a certain condition during evaluation or treatment for another
condition, or during participating in a research study. Two approaches to informed consent
regarding IF are generic and preference-based consent (Elias & Annas, 1994). In a generic
consent approach, the focus is on informing patients about possible outcomes and implications
in general terms rather than in-depth coverage of the specifics of all possible outcomes. Patients
are thus informed in general terms about which IF might arise and whether or not they consent
to being informed about them. The goal is to “provide sufficient information to permit patients
to make informed decisions about [ ...] screening yet avoid to information overload that could
lead to misinformed consent” (Elias & Annas, 1994, p. 1611). The untargeted nature of WGS
might however require a more stratified approach to generic consent. In a preference-based
approach to generic consent, outcomes are categorized in specific ways and patients are
enabled to indicate which categories of information they would like to receive (Appelbaum et
al., 2014). This would put more control in the hands of the patients by providing them with a

manageable number of choices to make.

A remaining issue is what happens with those that do not consent; to what extent will patients
be able to participate in a genomics-integrated healthcare system when they wish to refrain
from genetic testing. Individuals have the autonomy to decide which kind of medical assistance
they seek, which includes deciding to refrain from engaging with genetics. It is thus important
to examine how a future system strongly integrated with genetic testing would accommodate

the needs of patients that do not wish to participate in genetic sequencing.
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2.4.3 Return of results
The return of results from genetic testing is another area that poses unique ethical challenges.

Whilst appropriate informed consent procedures can be used to mitigate some of the ethical
issues surrounding the return of results, other issues remain. The fact that a patient has
consented to receiving certain kinds of information does not necessarily imply that healthcare
professionals will provide this information when available. In other cases, healthcare
professionals might elect to disclose information for which consent is more challenging to

establish, such as when contacting at-risk relatives.

Opinions on this matter roughly map onto a spectrum between two extremes. On the one hand,
there is both ethical and legal duty of care argument, which says that (provided that the
information has clinical utility) there is a duty to disclose relevant genetic information, whether
to a patient or their relatives (Dove et al., 2019). On the other hand, there is an argument based
on individual autonomy which holds that individuals have a right to informational self-

determination, and thus have a right not to know their genetic predispositions (Andorno, 2004).

The extreme individual autonomy argument is challenged in several ways. Firstly, in the cases
of results that apply to relatives, there is the challenge of knowing whether someone wants to
exercise their right not to know without at least disclosing some information in the process of
inquiry. Therefore, “the exercise of an autonomous choice seems necessary for the functioning
of the right not to know” (Andorno, 2004, p. 438). Second, unless the value of individual
autonomy is absolute, it might be restricted on the basis of a duty to disclose information to
patients by healthcare professionals, or the value of solidarity with and responsibility for
relatives in cases where there is a risk of serious harm to others. A duty to disclose is also not
absolute, nor is solidarity with or responsibility for relatives. For healthcare professionals, there

are several considerations regarding the ways they choose to exercise their duty to disclose.

Some have argued that, provided informed consent is established, patients have a “right to
receive all of their genetic information, even if they are deemed clinically irrelevant by the
laboratory and clinician” (Ormond & Cho, 2014, p. 213). This is the approach of many of the
DTC genetic testing services. It is however argued that providing patients a full return of
results, “particularly risk variants for complex diseases and/or results that are not clinically
actionable, will be overwhelming and anxiety provoking for many individuals” (Yu etal., 2013,
p. 687). Beyond the issues of providing patients with indiscriminate access to test results, some
have questioned whether there is value in providing information to a patient that is not

medically actionable, even if the patient has theoretically consented to it (Berg et al., 2011).
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There is consensus that at least “analytically valid and medically actionable [findings] should
be offered to patients” (Lohn et al., 2014, p. 463). Although such strategies might be
appropriate in some instances of WGS, the authors emphasize that to “maximize the use of
WGS in the public health context, a very high bar must be set for reporting results” (Berg et
al., 2011, p. 500). The authors thus not only consider the rights of individual patients with

regards to disclosure, but also the effect of disclosure policies on the broader system.

Some have proposed creative solutions, such as releasing the results partwise over a longer
period of time through a self-guided management system, stating that the question should not
be how to constrain the information that is provided to patients, but rather “khow we can improve
access and translation, through effective education, meaningful communication, and the
preservation of individual preferences” (Yu et al., 2013, p. 687). An added benefit of this
approach is that it can accommodate both changes in patient preferences as well as an
expanding base of genetic knowledge. In this way, the results obtained in WGS are treated “as
a dynamic resource of information from which results should be ‘managed’ over the lifetime
of an individual” (Yu et al., 2013, p. 684).

Research on patient preferences with regards to the return of results indicated a “diversity of
attitudes toward the return of incidental findings and a diversity of justifications for those
attitudes” (Clift et al., 2015, p. 38). Most participants did however prefer a patient-centered
approach, indicating that people value active patient involvement in the decision-making

process rather than being governed by a universal framework guiding disclosure.

Return of results has so far predominantly been discussed with regards to the disclosure of
results to a patient that underwent genetic testing and was themselves able to competently
participate in an informed consent procedure. There are however two cases in which third
parties are put in a position to make disclosure decisions for others worth discussing separately,

being children and relatives.

In the case of children, especially when it concerns adult-onset conditions, the dilemma with
regards to the disclosure of results affects both parents and healthcare professionals. Some
recommend against predictive testing for adult-onset conditions in children, claiming it could
negatively impact a child’s autonomy and right to self-determination (Ross et al., 2013). This
is also referred to as the child’s right to an open future. Whilst the right to an open future is
important, it is only one of the values one could consider when making disclosure decisions on

behalf of a child. Garret et al. therefore posits that in such cases “predictive genetic testing is
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ethically permissible in principle, as long as the interests promoted outweigh potential harms”
(2019, p. 2190). An interest-based framework is proposed by which clinicians evaluate and
weigh 13 different interests pertaining to a wide array of aspects to a child’s current and future
life to come to a decision regarding testing and/or disclosure of results (Garret et al., 2019).
Others have argued however that such a best interest standard, in which healthcare
professionals judge what would be in the best interest of the child, is problematic in several
ways (Rhodes & Holzman, 2014). They argue that the best interest standard is subjective, leads
to polarizing behavior, and that appeals to it are often indeterminate, as even reasonable people
can disagree. Instead, Rhodes & Holzman propose the not unreasonable standard, by which
“parents’ decisions would be respected unless they were deemed unreasonable” (p. S126). A
framework is proposed by which healthcare professionals can assess if and when it might be
warranted to refuse to comply with parents’ wishes.

Other ethical issues arise in decisions regarding the disclosure of results to relatives. As alluded
to before, the scope of the information obtained during genetic testing extends beyond the
tested individual to all those genetically related to that individual. In some specific cases,
information obtained might even be of little relevance to the patient, but highly significant to
relatives (Ormond & Cho, 2014). Although many of the issues relating to disclosure of results
to relative’s mirror those in traditional medical genetics, the scope and scale of genomic
medicine changes the context of this issue. Whereas traditional testing only reveals information
about very limited parts of the genome, whole-genome sequencing reveals practically all there
is to know. Furthermore, widespread application of WGS will significantly increase the number

of affected relatives.

Making any kind of decision concerning disclosure to relatives requires trade-offs between
different values. The conflict here is once again between a duty of care towards relatives on
the one side and respecting their individual autonomy on the other. A duty to disclose could
also conflict with a duty of patient confidentiality, if a patient does not want this information
to be shared with genetic relatives (Dove et al., 2019). This illustrates the difficulty that
professionals can experience in navigating between these coexisting duties and their legal
professional responsibilities. In practice, patients are generally strongly encouraged to share
relevant information regarding genetic risks with their relatives. However, research has shown
that conversion is often inadequate, even in the case of first-degree relatives (Hodgson & Gaff,
2013). This in turn warrants the question of which duty is stronger, and whether a clinician can

ever break patient confidentially to inform relatives of a pressing risk (Ormond & Cho, 2014).
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2.4.4 Genomic privacy
As with any kind of medical or sensitive personal data, the privacy of the patients or

participants from which the data was obtained is an important value. First, privacy is often seen
as an intrinsic moral value, and a violation of one’s privacy can be regarded or experienced as
a violation of one’s personal autonomy. Second, in the case of personal medical data, privacy
is an important value, as a breach of privacy or confidentiality might lead to harmful
consequences for affected individuals. Examples of such harmful consequences can be
economic, in cases of genetic discrimination by employers or insurance providers, or social, in

cases of stigmatization of certain conditions (Juengst et al., 2012).

At the same time, critical enablers of a system of personalized medicine are large-scale
association studies into the genetic basis of complex conditions. In this case, there is friction
between the value of confidentiality and personal privacy, and the value of obtaining
knowledge for public benefit. Such issues are referred to as issues regarding genomic privacy.
These values are not necessarily in conflict with each other, rather the challenge here is to
create value for public benefit from large collections of genetic data, whilst also protecting the
privacy of each of the individual donors. Whilst the UK’s half-million participant biobank
facilitating over 26.000 research projects demonstrates the potential of such large-scale
genomic data repositories for research, others have demonstrated the vulnerabilities that these
types of projects can face (Conroy, 2023). For example, researchers have already demonstrated
ways in which the anonymity of actual bio-bank participants can be compromised, even from
anonymized data (Gymrek et al., 2013).

There are several concrete challenges that form a barrier to balance the desire to obtain valuable
insights through the sharing of genetic information on the one hand, and responsibility to
safeguard patient or participant privacy on the other. Firstly, the larger the amount of genetic
information that is stored and spread over different locations, the greater the risk of
unauthorized access or accidental release (Ormond & Cho, 2014). This risk is amplified if data
is shared across borders, where there could be significant differences in judicial frameworks
with regards to medical genetic data (Kaye et al., 2009). Second, the larger the amount of
genetic and related information that is available relating to any individual, the greater the

potential for this individual to be uniquely identified (Gymrek et al., 2013).

2.4.5 Intellectual property
There has been a longstanding debate about the merits of patents and other forms of intellectual

property protection, and whether they facilitate or hamper innovation (Chesbrough, 2003).
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Patents limit what others can do with a specific invention, and in addition serve as a public
disclosure of information, enabling others to build upon the provided information in multiple
ways (Gambardella, 2023). Gene patents in medicine are different however, as the patents
concern specific gene sequences that were not constructed but rather discovered (Paradise et
al., 2005). In the US, the Supreme Court has ruled unanimously that human genes are a product
of nature and are non-patentable (Kesselheim, 2023). The European Patent office guideline,
however, specifies that “if a gene, discovered in nature, has a technical effect, that effect may
be patentable, eg, the use thereof in gene therapy” (Demir & Stamhuis, 2023). It is required
that such sequences are isolated or produced using a technical process, and that this process is
disclosed in the patent application. In the EU, these are the crucial elements in discriminating
between a non-patentable discovery and a patentable invention. When it comes to the human
genome, patents are the privatization of the ability to capitalize on specific information and

technical processes, which hold both promises and risks for healthcare innovation.

One of the main arguments in favor of patents is that it would incentivize private parties to
undertake risky research projects that they would otherwise not have committed any resources
to. However, patents held by one party can also constrain what another party is able to do. Any
new project can be severely constrained when it is reliant on a larger number of patents that
others hold the rights to (Heller & Eisenberg, 1998). Patents are especially valuable in the case
of genomics, as there is often a lack of possible substitutes for patented gene therapies. Gene
patents therefore “limit what can be done in the realm of scientific research and medical care
because there are no alternatives to a patented gene in diagnosis, treatment, and research”
(Paradise et al., 2005, 1556). Despite some claiming that “gene patents have not had
quantitatively important effects on follow-on innovation” (Sampat & Williams, 2019, p. 232),
overly broad patenting practices have led to as much as 84% of the genes in the human genome
being patented in the US before the 2013 ban (Rosenfeld & Mason, 2013). This would have
provided patent holders with an extraordinary amount of leverage. A compounding problem in
the field of biomedical research is that intellectual property rights often belong to “a large,
diverse group of owners in the public and private sectors with divergent institutional agendas”
(Heller & Eisenberg, 1998, p. 700). Furthermore, due to cognitive bias (attribution bias), each
of the rights holders is likely to overestimate the value of the contribution of their patent and
underestimate the value of the other’s (Tversky & Kahneman, 1974). Dealing with many rights
holders with diverging interests, which also tend to overvalue their own contribution, will

require significant resources from any party planning to perform research and development in
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this field. Heller & Eisenberg (1998) refer to this as a tragedy of the anti-commons; an
underutilization of specific resources when too many parties have a right to exclude others. As
a result, “intellectual property policies and practices appear to have had a significant impact
on the translation of knowledge about genes into clinically useful genetic diagnostic tests for
personalized medicine” (Ormond & Cho, 2014, p. 214). For example, in a 2013 study that
compared the human-genome project (engaged in open sharing of data) with the firm Celera
(which protected its IP) it was found that the practices of the latter resulted in a 20-30%
reduction in subsequent research and product development (Williams, 2013). The important
question here is thus what form of patenting policies and practice would serve the best interest
of the patients, and the development of personalized medicine in general. Failing to capitalize
on the available opportunities due to patents would result in a decreased quality of care. Such
ethical issues thus lead us to question “the appropriate role of researchers and academic

institutions in technology transfer for medical applications” (Ormond & Cho, 2014, p. 214).

The extensive patenting of the human genome has presumably facilitated “the development of
clinically available and commercially viable products such as genetic tests or gene-based
therapies” (Ormond & Cho, 2014, p. 214). Some argue that, given that much biomedical
research is conducted by commercial entities, without patents and the protections they afford,
actors would be insufficiently incentivized to develop genetic tests and treatments. Others
argue that through the patenting of genetic information itself, follow-up discovery and
development is hindered. This raises ethical issues, as patents possibly “decrease access to and
quality of clinical genetic tests, raise costs, or prevent research and development and

improvement of diagnostic services” (Ormond & Cho, 2014, p. 214).

A survey amongst laboratories involved in clinical genetics found that a great majority, 65%,
had received notifications regarding potential patent infringement (Cho et al., 2003). As a
result, a quarter of laboratories discontinued clinical genetic tests, and about half decided
against performing any new research to develop genetic tests. Two-thirds of those interviewed
by Cho et al. felt that patents hindered them in conducting research, whilst 85% indicated that
the sharing of information amongst researchers was limited as a result. On the other hand, other
research found that a significant number of researchers themselves did delay publication of
findings due to patent considerations (Murdoch & Caulfield, 2009; Blumenthal et al., 1997).
Even if patents would not influence the type of research that is conducted, delays in the
dissemination of knowledge can still negatively impact innovation, and thus eventually the

quality of care, especially in a fast-moving field like this one. Furthermore, every patent
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application also creates uncertainty for others that might benefit from the discovery, as “each
potential patent creates a specter of rights that may be larger than the actual rights” (Heller
& Eisenberg, 1998, p. 699). This leads to uncertainty and hesitation for others as the exact
scope of the patent rights is often unclear until the patent is granted. Such uncertainty and

delays might cause well-intentioned actors to divert valuable resources into another direction.

As is characteristic of the genomics revolution, a careful balance between stakeholder interests
must be found. Intellectual property policies and practices must be such that research and
development will benefit the quality of care to the patients, whilst also ensuring that researchers

and producers are sufficiently incentivized to participate.

2.4.6 Ownership and proprietary data
In the case of gene patents, although the findings on which they are based might be accessed,

they cannot be utilized outside of the restrictions set forth by the rights holder. There are,
however, other ways of restricting access to information that will be of critical importance for

the development of genomics-based personalized healthcare.

The availability of data on genotype—phenotype associations (the relation between genes and
how these are expressed in a person) is critical for the development of personalized care
(Ormond & Cho, 2014). However, aware of the value that this data holds, laboratories (both
commercial and academic) increasingly lock away this data in proprietary databases, which is
detrimental to the free flow of scientific knowledge (Caulfield et al., 2014). On top of the
biobanks held by such laboratories a new industry has spouted, taking advantage of people’s
desire to undergo direct-to consumer genetic testing, to establish fully commercial biobanks
based on their costumer’s data (Stoeklé et al., 2016). As mentioned before, this two-sided
business model of DTC testing services forces these companies to make trade-offs between
which side’s interest they choose to represent. This locking away of data curbs the ability of
others, both researchers and practitioners alike, to independently interpret this data, once again
providing a barrier to the swift dissemination of information. Therefore, it is argued that due to
its clinical significance “it is unethical for patent holders to keep this information in
proprietary databases, even if it enhances market value of a genetic test” (Ormond & Cho,
2014, p. 216). Bolstering this argument even further is the fact that many of the gene—disease
association discoveries that such databases are comprised of have been (at least partly) publicly
funded. From a justice perspective thus, with regards to big data analytics, there are ever
stronger calls to treat socially valuable data as a kind of common good (Deming, 2021; Boyd

& Crawford, 2021). In such an ideal by the people — for the people case, genetic data provided
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by the public would be utilized for medical innovations that would benefit everybody (provided
that they would be reasonably accessible to all). A striking example of how the open sharing
of genetic data can and will be beneficial came during the 2020’s coronavirus pandemic. By
releasing the sequencing data of the novel coronavirus publicly as soon as it was sequenced, a
single Chinese laboratory enabled countless other labs around to world to start vaccine
development within a matter of weeks, even though actual samples were not yet widely
available (Frist, 2021).

There are concrete efforts to find solutions for this data-sharing and bio-banking problem. In
Europe, 24 EU member states have committed to a project for joint bio-banking and data-
sharing (European Commission, 2022). Globally, an alliance of 69 institutions (calling itself
the global alliance) aims to address the problem by developing standards and policies to
facilitate the free flow of information in genomic medicine (Hayden, 2013). In addition to the
privacy and confidentiality issues raised by data sharing, these initiatives will need to reach
consensus on technical standards, ensure the interoperability of data infrastructure, and resolve
possible legal barriers associated with the sharing of such sensitive and personal data.

Nonetheless, some data remains locked away in non-participating and commercial biobanks.

2.5 Behavioral Perspective

Although it has become commonplace to refer to the ethical issues, considerations, and values
regarding the developments of the genomic revolution, even in publications that are not mainly
concerned with those issues, the same cannot be said in relation to human behavior, specifically
behaviors relating to the engagement with and responses to genomics. Although prima facie
these issues seem at least similar in nature, there are important distinctions between them. One
explanation for this can be found by assessing the construal levels at which appraisal of these
developments takes place. The ethical perspective is an abstract and, in some sense, external
perspective that provides a holistic appraisal of the system. Although the issues raised from
this perspective are valid, they do not necessarily correspond to the perspective of the
individual. Likewise, the perspective of the individual as a distant observer does not necessarily
correspond to the perspective of that same individual in situ. As shown across literature, the
level of abstraction in cognition influences moral judgements (Martensson, 2017). The current
section aims to expound on these mechanisms behind this through both Construal-Level
Theory of Psychological Distance and the concept of the attitude/intention behavior gap (Trope
& Liberman, 2010; Sheeran & Webb, 2016; Farjam et al., 2019).
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2.5.1 Construal-Level Theory of Psychological Distance

The amount of psychological distance that is experienced in relation to a situation or event
affects the way in which that situation or event is conceptualized, which in turn influences
perception and judgement (and in turn, for example, prediction, preference, and action; Trope
et al., 2007). The greater the psychological distance that is experienced, the greater the level of
abstraction at which a situation is construed. The Construal-Level Theory of Psychological
Distance (Trope & Liberman, 2010) describes how psychological distance affects the level of
abstraction at which people mentally represent the world around them. Situations which are
experienced as psychologically distant are represented by central, abstract, and general
features, whilst situations that are experienced as less psychological distant are presented by
more incidental, peripheral, concrete, and specific features (Liberman & Trope, 1998; Wakslak
et al., 2006). These different kinds of mental representations are referred to as a high-level
construal and a low-level construal, respectively. High-level construals are more concerned
with meaning, whilst low-level construals are more concerned with actionable or goal-directed
details. The relation between construal level and the experienced psychological distance has
been shown to be bidirectional (Bar-Anan et al., 2006; Liberman et al., 2007). The influence
of psychological distance on cognition complicates the study of human behavior in relation to
genomic medicine, as psychological distance varies between contexts and individuals.
Furthermore, differences in psychological distances between health-related issues and, for

example, socio-economic issues, can influence health-directed behaviors.

Trope & Liberman (2010) have specified four different dimensions of psychological distance;
temporal distance, spatial distance, social distance and hypotheticality. The four dimensions
are closely related to each other (Soderberg et al., 2015; Trope and Liberman 2010; Wang et
al. 2019). It is important to note that it is not the actual distance that is of relevance, but only
the subjective distance as experienced by an individual. Trope & Liberman (2010) emphasize
this in stating that psychological distance is egocentric, “its reference point is the self, here and

now” (p. 440). Temporal and hypothetical distance are of most relevance to the current project.

Across literature, strong support has been found for the effect of psychological distance on
“both level of abstraction in mental representation and the downstream consequences of
abstraction” (Soderberg et al., 2015, p. 525). To provide just one concrete example, it has been
shown that across all four dimensions, the amount of psychological distance experienced in

relation to the issue of climate change has a significant effect on both concern about climate

31



change and willingness to act (Spence et al., 2012; Weber, 2016). Such findings also make
sense intuitively; to put it quite bluntly, the less someone thinks something will affect them,
the less likely they are to care about it. There are strong indications that this effect of
psychological distance is universal, as it has been observed to be stable across cultures
(Soderberg et al., 2015). Others, however, have argued that there are also mediating effects of

culture on the relation between construal levels and psychological distance (Martensson, 2017).

Temporal psychological distance refers to the perceived distance in time to a future situation,
and is the first of the four described by Trope & Liberman, initially referred to as temporal
construal theory (Liberman & Trope, 1998; Trope & Liberman, 2003). The theory states that
“distant future situations are construed on a higher level (i.e., using more abstract and central
features) than near future situations” (Liberman & Trope, 1998, Trope & Liberman, 2003).
Situations that are more distant in time are thus mentally represented with other features than
those that are closer in time. Specifically, “in distant future construals, peripheral, incidental,
subordinate, and contextual features are either omitted or replaced by more central and

abstract features, resulting in more coherent representations” (Liberman & Trope, 1998, p. 7).

Hypotheticality in psychological distance refers to how likely some future scenario is deemed
to be (Trope & Liberman, 2010). Thus, the perceived probability of some situation or event is
conceptualized as psychological distance, with events being deemed more psychologically
distant as the perceived probability of their occurrence decreases. Across seven different
studies, Wakslak et al. (2006) have shown that events with low perceived probabilities are
indeed represented on higher construal levels than events with higher perceived probabilities.
Particularly interesting is the observation that when comparing low- and high-probability
events “participants increasingly preferred to identify actions in ends-related rather than
means-related terms” (Wakslak et al., 2006, p. 641). This shows that psychologically distant
situations are represented more in terms of meaning, whilst situations that are psychologically

closer are represented in more actionable terms (Sagristano et al., 2002).

The underlying mechanisms for temporal and hypotheticality effects on psychological distance
have been linked to the concepts of temporal and probabilistic discounting, which hold that
situations that are either distant in time or deemed unlikely to materialize are valued differently
than those closer in time and perceived as highly likely. Studies into the topic of temporal

discounting point to parallels between intertemporal and risky decision making (Keren &
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Roelofsma, 1995; Prelec & Loewenstein, 1991). It is even proposed that the similarity between

these two forms of discounting suggests a single underlying process (Rachlin et al., 1991).

In general, psychologically distant events or situations are those that are not part of an
individual’s direct experience (Wakslak et al., 2006). This entails that psychologically distant
events are those that have taken place in the past or have some probability of taking place in
the future, rather than being experienced in the present moment (Wakslak et al., 2006). For
situations that are being experienced in the present moment, a rich amount of information is
available. This leads to mental representations that are more concrete, and thus take place on a
lower construal level. In contrast, a lack of direct experience influences the amount and nature
of information available to an individual, which leads to an abstract processing orientation
(Wakslak et al., 2006). This leads to mental representations that are more abstract schematic,
and thus take place on a higher construal level. An event or situation does, however, not
necessarily need to be experienced for mental representation to take place on a lower construal
level. Rather, “when an event is proximal (i.e., minimally removed from direct experience), we
treat it as if we would an event that we directly experience and approach it with a concrete
processing orientation” (Wakslak et al., 2006, p. 642).

The genomics revolution in healthcare is an ongoing transformation with an uncertain future
endpoint. Even for those that are either informed or involved there is considerable uncertainty
about what this future state will look like, and at what timescale it will be realized. In other
words, a genomics-integrated healthcare system is temporally distant (irrespective of the actual
magnitude of this distance) and there is some degree of hypotheticality applicable to the
different possible forms this system could take. For members of the public that are not very
knowledgeable about or cognizant of the developments that have been described in this paper
it is even more challenging to relate to this future state. The same applies to the concept of
genomics itself. From an individual perspective, the link between a person’s (unseen) genome
and its somatic expression is unintuitive and complex and is not part of one’s lived reality. This
adds to the psychological distances experienced, which in turn would result in higher construal

level evaluations of genomics.

Research does indeed suggest that public knowledge about genomics is low and insufficient
for informed decision making (Haga et al., 2013; Syurina et al., 2011). This is unsurprising, as
building and maintaining health literacy across a population has become “more complex

because of the unprecedented scientific development, at an unprecedented speed” (Geanta et
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al., 2022, p. 204). Simultaneously, there is a “need to keep target groups adequately informed

in order to enable them to access state-of-the-art health care” (Zimani et al., 2021, p.1).

Over the past decade, the expectations regarding personalized medicine held by both
professionals and the public have been influenced by newspaper headlines, speculation, and
optimistic promises. Because of this, some have claimed that “personalized medicine is a
paradigm that exists more in conceptual terms than in reality” (Lesko, 2007, p. 807). On the
other hand, coverage in popular media about the subject could also serve to bridge the
hypotheticality gap. On top of this, individuals also vary in the extent to which they have
encountered traditional forms of genetic testing, either directly through relatives, or the
experience they have with novel direct-to-consumer genetics products. Other individuals might
have obtained more specific knowledge through education or occupation. Therefore, the
psychological distance to a genomics-integrated healthcare system is expected to vary between
individuals. Subsequently, conceptualizations or mental representations of such a system and

thus the construal levels at which it is appraised by any individual is expected to vary even so.

Central to this thesis is the question of what is valued with respect to a genomics-based
healthcare system. However, the mechanism described above makes it complex to research
opinions or attitudes with regards to hypothesized future states, as the responses provided by
participants have been shown to be contingent upon whether an issue is conceptualized as near
or far (in either a temporal sense or with regards to perceived plausibility of future scenarios;
So et al., 2021). For example, it has been shown that people utilize more abstract concepts,
such as traits and values, with regards to more psychologically distant behavior (Nussbaum et
al., 2003). Contrarily, psychologically proximal behaviors are referred to in more means-
related terms (Sagristano et al., 2002). This is similar to problems of hypothetical bias in
economics studies, where participants have been found to provide different responses to
hypothetical situations compared to real world situations (Cumming et al. 2020; So et al.,
2021). This leads to the expectation that appraisal of a genomics-based healthcare system as a
distant hypothetical takes place on a higher construal level than an appraisal of such a system
from the perspective of direct experience as a healthcare receiver, for example. In addition, it
remains questionable whether it is possible for others to make a distinction in validity between

what is valued by individuals from these different perspectives.

In more general terms, it is expected that the different degrees of psychological distance

experienced from the perspectives of ethical thinking, individuals as distant observers, and
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individuals as patients will result in different moral judgements with respect to the system of
personalized healthcare. There is a respectable body of literature covering the topic of construal
level theory and moral judgements (for a review see Martensson, 2017). Across studies, it is
found that abstract thinking leads to stronger moral judgments. These findings are consistent
with the expectation that a larger psychological distance is associated with a larger focus on
values. Although there have been some contradictory findings, these are predominantly
attributed to “the domain in which the moral judgment is construed, the procedures used to
induce high- and low-level construals, and cultural differences” (Martensson, 2017, p. 34;
Zezelj & Jokié, 2014).

Some interesting observations have been made with respect to the somewhat related subject of
gene editing. In a study assessing public opinions on the likelihood and permissibility of gene
editing it was found that perceptions of the likelihood of gene editing applications varied
significantly between participants (So et al., 2021). This study also identified a strong positive
correlation between the perceived likelihood of gene-editing applications and participants
views on its permissibility across the majority of different applications of gene editing
technology included in the study. It was also found that participants “lacked a strong sense of
which applications were considered realistic by scientists” (So et al., 2021, p. 486). Higher
levels of prior knowledge did not significantly improve estimates of the timeframe over which
different applications of gene editing could become feasible. Although So et al., do not provide
an explanation for this finding, they do note that those with more prior knowledge “thought
that almost every application would be more imminent, including dubious cases like lifespan
extension” (2021, p. 487).

One of the explanations for this is sought in the fact that “abstracted scenarios tend to retain
central features like rationales over subordinate features like questions of feasibility ” (So et
al., 2021, p. 475). This could cause participants to be more permissive of certain applications
when described in surveys as opposed to when they would be offered in real life (Soderberg et
al. 2015; Todorov et al., 2007). It is further noted that participants seem to apply core values
(such as morality-based judgements) more easily to situations that are more psychologically
distant, e.g. those that are conceptualized on a higher, more abstract construal level (So et al.,
2021). This would be consistent with the expectation that appraisal of a personalized healthcare
system would be based on different considerations between individuals as distant observers
and individuals as patients. In the latter situation, higher level moral considerations could be

overruled by those that are more practical in nature (Trope and Liberman, 2010).
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2.5.2 Value-action Gap

Although there are some differences between the observations referred to as the attitude-
behavior gap, intention-behavior gap, belief-behavior gap, or value-action gap, all demonstrate
that that individuals often behave in ways inconsistent with their stated attitudes or values
(Boulstridge & Carrigan, 2000; Sheeran & Webb, 2016; Farjam et al., 2019; Flynn et al., 2009).
There is a long tradition of research into the value-action gap in relation to conscious consumer
behaviors (see Hassan et al., 2016 for a meta-analysis). Research shows, for example, that
environmentally conscious attitudes are not necessarily reflected in an individual’s consumer
behavior (Gupta & Ogden, 2006; Farjam et al., 2019). There are other topics that seem to be
widely researched as well. For example, the value-action gap in relation to online privacy has
been so well established across literature that this observed dichotomy between attitudes and
behavior is referred to as the privacy paradox (see Kokolakis, 2017; Gerber et al., 2018). While
there are many more examples of this phenomenon, all amount to humans exhibiting behaviors
that are inconsistent with their stated attitudes or values. The existence of this privacy paradox
with regards to digital data has led some to questions to what extent this privacy paradox
extends to include medical data as well (for an elaborate example, see Buschel et al., 2014). In
a study into the privacy paradox in mHealth (mobile health) applications, it was found that
perceived benefits have a larger impact on mHealth users’ disclosure intentions than privacy

concerns (Zhu et al., 2021).

It has been shown that consumer intention to adopt innovations is an inadequate indicator of
actual adoption behavior once such innovations become available in the marketplace (Arts et
al., 2011). One of the reasons for this is that “evaluative criteria consumers use in both stages
of the adoption process weigh differently” (Arts et al., 2011, p. 134). It is here that findings
from research concerning the construal-level theory and those concerning the value-action gap
exhibit significant parallels. Research into construal level theory has shown that appraisal of a
situation is contingent upon the psychological distance to it. Similarly, research into the value-
action gap shows that value judgements about a situation are often inconsistent with the actual
behaviors exhibited in situ. Such value judgements of a situation that is not directly experienced
are thus with respect to a situation that is psychologically distant, whilst in situ behavior is
exhibited with respect to a situation that is directly experienced and psychologically close. On
the other hand, research does suggest that exhibited behaviors can be a reliable indicator of
attitudes (Kaiser et al., 2007). This implies that studying patient behavior in relation to genetic

testing could be a way to derive their attitudes and judgements.
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Taken together, the theoretical and empirical basis of both the Construal-Level Theory and the
Value-Action Gap provide significant reason to assume that behaviors and responses in relation
to genetic testing and personalized medicine will vary between individuals based on a variety
of contextual factors. The stated attitudes of individuals with regards to the system cannot be
assumed to be an accurate predictor of the behavior they will exhibit. Studying (the absence
of) health-directed behaviors in patients could however be a way to derive the attitudes and
contextual factors that influenced the behavior. Such information is crucial for the design of an
accessible personalized healthcare system designed to support health-directed behavior. In this
exploratory study, relevant patient behavior will be examined through the expert contributions

of medical professionals, such as genetic counselors.

2.5.3 Genetic counseling

Genetic counselors are healthcare professionals that support patients throughout the process of
genetic testing. Due to their proximity to the subject and practical experience with patients,
genetic counselors are deemed to be a valuable source of information regarding the experiences
of patients and their own capacity to meet changes in demand resulting from increased genetic
testing. Therefore, this group is of special interest to the empirical portion of this study. This
section provides a short overview of the role fulfilled by genetic counselors and will elaborate

on why they are integral to the successful implementation of personalized care.

Genetic counseling refers to the guidance patients receive prior to and throughout the process
of care when genetic testing is involved and is generally described as “a client-centered
communication process, designed to help people understand and adapt to the medical and
psychosocial consequences of either having, being at-risk from or passing on a genetic
condition” (Middleton et al., 2017, p. 250). Such guidance is often necessary, as the patient is
required to make several significant decisions, whilst the process and results of genetic testing
can be challenging to understand. Genetic counselors help to “prioritize informed and
autonomous patient decisions regarding their genetic health” (Stoll et al., 2018, p. 1). In
addition to all matters regarding the individual patient, genetic counselors also “focus on the
psychosocial and family communication issues that may arise from genetic (i.e., shared)
information”” (Middleton et al., 2017, p. 250).

As information obtained from genetic testing, and the potential consequences they entail, can
negatively impact patients, ensuring psychological wellbeing is one of the primary goals of

genetic counseling (Athens et al., 2017). The process of genetic counseling usually includes
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the involvement of specially trained medical professionals, such as genetic counselors and
psychologists. Due to its patient centered nature, genetical counseling is praised by some as
“ideally suited to help realize the goals of the precision medicine” (Stoll et al., 2018, p.1). On
the other hand, one could also claim that, in the proliferation of personalized healthcare, rather

than a valuable addition, genetic counseling is a necessity in ensuring patient well-being.

It is suggested that genetic counseling requires balancing two components: teaching and
counseling (Kessler, 1997). The teaching component is focused on providing factual
information from a place of authority, and correcting any misperceptions a patient might have.
However, an overemphasis on teaching might promote psychological passivity in the patient.
The counseling component is therefore focused on understanding a patient’s needs and
promoting confidence and autonomy. According to Kessler, counseling is “about
understanding the other person and providing appropriate help in the form of how to think
about and work through life problems. This is accomplished in a way that empowers the person,

fosters their autonomy, and evokes their competency” (Kessler, 1997, 293).

Athens et al. (2013) note several challenges in the systematic study of the effectiveness of
genetic counseling practices. Between these are lacking consistency in how outcomes are
measured and insufficient data collection from end-users. Nevertheless, other systematic
reviews show positive effects of genetic counseling interventions. For example, results from a
2017 meta-analysis “suggest that genetic counseling can lead to increased knowledge,
perceived personal control, positive health behaviors, and improved risk perception accuracy”
(Madlensky et al., 2017, p. 361). A 2009 review indeed also suggests that risk perception
accuracy is positively impacted for patients that engage in genetic counseling (Smerecnik et
al., 2009). Madlensky et al. (2017) furthermore suggest “decreases in anxiety, cancer-related
worry, and decisional conflict” (p. 361). A more recent controlled study into genetical
counseling and patient empowerment found significant improvement following genetic
counseling in the two domains they refer to as cognitive control and emotional control (Yuen
et al., 2020). The results also revealed “a need to cultivate hope and facilitate the alleviation

of negative emotions in patients during genetic counseling” (Yuen et al., 2020, p. 246).

Whilst genetic counseling is applied effectively and widespread with regards to traditional
genetic testing, when it comes to the proliferation of personalized healthcare “traditional
service delivery models are insufficient and unsustainable” (Stoll et al., 2018, p. 1). One of the

reasons for this is the increase in the scope of genetic testing. Whereas traditional genetic tests
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are highly targeted, the amount and scope of information obtained from a full genomic profile

is much more extensive, requiring more intensive genetic counseling.

Another reason is that there will be an increased number of patients seeking personalized care.
Amplifying the importance of genetic counseling in this is that “early data suggest that these
individuals will have different motivations for pursuing genomic sequencing and will be less
knowledgeable about and less confident of the benefits of genetic testing” (Ramos, 2020, p. 1).
There is already evidence that suggests that patients seek out healthcare professionals to help
them understand results they obtained through commercial DTC testing services (Brett et al.,
2012). The above entails that genetic counselors would need to help an increasing number of
patients navigate an increasingly complex set of information. As a result, there are concerns
about the workforce’s capacity to meet this rapidly growing demand, and the effect this will
have on the intensity and quality of counseling available to patients (Stoll et al., 2018).

2.6 Genomics revolution in the European Union

There is a multitude of initiatives around the world that aim to establish systems of healthcare
that employ the technologies of the genomics revolution to offer personalized genomic
medicine (Manolio, 2015). The World Economic Forum has recognized personalized medicine
as “a priority area for development, emblematic of genomic science’s economic importance”
(Ginsburg, 2013, p. 1463; World Economic Forum, 2012). Although this study is focused on
The Netherlands, national developments cannot be seen as isolated from the EU’s efforts to

establish a tightly integrated healthcare system across the union.

As one of the core elements of the EU Digital Single Market strategy, EU eHealth makes the
transition towards a more personalized and datafied form of healthcare (and thus the need to
deal with its related issues) imminent rather than distant (European Commission, 2018). Under
the right circumstances, EU policymaking and standard setting can be a powerful enabler of
innovation (especially in uncertain markets; Pelkmans & Renda (2014). This does, however,
require a proper understanding of the integrated system of social and economic activity to
which it applies (Firth & Mellor, 1999). Given the goals of the DSM strategy, the EU should

have a major interest in understanding the value-landscape of this transition.

Organizing personalized healthcare on an EU level offers benefits over organizing on a national
level. Within the scope of EU eHealth, the most important aspect is the sharing of citizens’

genetic data between participating member states. Stakeholders have consistently emphasized
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the need for “a more consistent and comprehensive policy and regulatory framework that
would facilitate data exchange among service providers across EU MS [member states] and
ensure equity of access to eHealth services for all citizens” (ESPON, 2019, p. 2). Next to
potentially enabling research and subsequent predictive and personalized healthcare for
citizens, sharing of data within a tightly integrated European knowledge network could make
the European Union a frontrunner in terms of healthcare and bio-tech innovation (European
Commission, 2018; Manolio et al., 2013; Golubnitschaja et al., 2014). All this will contribute
to improved healthcare for EU citizens and ensure Europe's leading place in health research.

This Digital Single Market strategy for the European Union (EU DSM) is aimed at closely
integrating the 28 national digital markets into a single market and enhancing the unions’
position as a world leader in the digital economy. It is thought that “there are massive gains
within easy reach for science, research, medicine, healthcare resources, and patient outcomes.
But these gains are still to be grasped” (Horgan et al., 2017, p. 171). A coordinated effort
might be the only feasible way to elicit such a radical transformation, as “most health systems
around the world are not fit to shepherd genome sciences into routine health care” (Ginsburg,
2014, p. 453). As the latter leads to decisions being often made on an ad hoc basis, it is here

that the EU is highly relevant as a driver and coordinator (Gaff et al., 2017).

As of December 2022, 24 European member states (including The Netherlands), the UK, and
Norway have committed to: bring together fragmented infrastructure and expertise supporting
a shared and tangible goal; one million genomes accessible in the EU by 2022 (1+MG),
leverage and maximize the investments already made by Member States at national and EU
level, particularly in sequencing, bio banking and data infrastructure, and reaching a larger
cohort that will provide a sufficient scale for new clinically impactful research (European
Commission, 2019; European Commission, 2022). Instrumental to this is the creation of a
shared European data infrastructure to “enable secure access to genomics and the
corresponding clinical data across Europe for better research, personalized healthcare and
health policy making” (European Commission, 2022). An example of measures aimed at closer
integration would be the setting of European standards regarding data generation, analysis and
sharing, and standards regarding interoperability of health informatics systems (Horgan et al.,
2017). According to the Commission’s roadmap, implementation and deployment of this

system should take place between 2022 and 2027 (European Commission, 2022)
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The European Union is regarded as being in a great position to capitalize on the genomics
revolution and become highly competitive in the genomics sector (Golubnitschaja et al., 2014).
Across its member states, the EU has a large and heterogeneous population, diverse ethic
population, genetic isolate populations, cohesive and social health systems, similar values and
comparable structures, similar legislation, and scientific and technological capabilities in
genomics and beyond (Horgan et al., 2017). However, the large degree of fragmentation and
lack of coordination between loci of knowledge and expertise is generally regarded as one of
the big obstacles to being able to fully capitalize on a healthcare transition. “Bringing together
world-leading practice and expertise that exists in pockets across countries and sectors will
make it possible to apply their collective knowledge and skills to address universal health
challenges and provide a network for sharing best practice” (Horgan et al., 2017, p. 173). It is
thus of crucial importance that Europe can focus its knowledge capital and transform it into
innovation and subsequently into successful commercialization. Although the technical
challenges should not be underestimated, “the greatest challenges are economic, not
scientific” (Jakka & Rossbach, 2013, p. 1).

2.7 Present research

As the transition towards a genomics-integrated healthcare system is a novel and evolving
phenomenon, the availability of studies on this topic is limited. Although reports are available
on the developments and progress of individual parties and stakeholders, a holistic
characterization across interdependent stakeholders is currently lacking. Through an
exploratory study using an ecosystems-approach this project aims to provide such a

characterization.

Expertise and activities in important elements of the system are often spread across a set of
actors and require alignment for value to be created at the aggregate level. Loci where
insufficient alignment occurs in a way that poses a barrier to ecosystem success are referred to
as loci of friction. Loci of friction that have been identified in a European context relate to the
setting of standards regarding data generation, analysis and sharing, and standards regarding
interoperability of health informatics systems. Fir for purpose regulatory, policy, and legal
frameworks are cited as requirements for successful international collaboration. Knowledge
and skill fragmentation and lack of coordination are sources of friction as well. Literature points
to additional possible sources of friction or conflict, such as the power and economic value that

data holds, the ability of stakeholders to exclude others from accessing their recourses, and the
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new modes of cooperation between stakeholders that are required. Furthermore, friction can
occur with regard to the requirements a personalized healthcare system poses on the healthcare
workforce. Other possible friction in the transition to personalized medicine takes the form of
ethical issues, such as those relating to consent, privacy, return of results and information
disclosure to relatives. Other prominent ethical issues are the questions a personalized medicine
transition raises with regards to accessibility, personal and collective approaches to public

health, and the risks of (bio)medicalization and reductionism.

While similar frictions, especially to those identified in a European context, are expected to be
present, a comprehensive review of friction of the Dutch personalized medicine innovation
ecosystem is currently lacking from the literature. Through expert interviews with ecosystem
stakeholders this study aims to provide an overview of frictions present in the ecosystem. The
first research question concerns understanding the possible (value-) friction within and between
ecosystem stakeholders that could pose obstacles for the successful implementation of a system
of personalized healthcare.

RQ1: Which (value-) frictions exist within or between different stakeholders, and what are
the obstacles they pose for the implementation of personalized healthcare?

One of the objectives of the interviews is thus to obtain information regarding friction
experienced by the stakeholders, either within their own stakeholder group or between their
own and other stakeholder groups. It is aimed at understanding the values that each of the
stakeholder groups hold, how these translate into system requirements, and how such
requirements relate to the available resources. The focus is thus not solely on what different

stakeholders desire from the system, but also on why these specific things are desired.

When studying the behavior of individuals in relation to a system of personalized healthcare,
the concept of psychological distance is relevant, as participants have been found to provide
different responses to hypothetical versus real world situations. It is expected that for most
individuals, genomic healthcare concerns psychologically distant concepts that are not part of
an individual’s direct experience, and therefore psychologically distant. The link between a
person’s genome and its somatic expression is unintuitive and complex and is not part of one’s
lived reality. This influences mental representations, which in turn influences the health-
directed behavior exhibited. Furthermore, research on the value-action gap shows that
individuals often act in ways at odds with their attitudes or intentions, caused by a variety of

contextual factors. Exhibited behaviors can however be a reliable indicator of attitudes.
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As a step towards behavioral research that explores relevant behaviors in detail, this study aims
to characterize the relevant health-directed behaviors and responses exhibited by patients in
relation to the process of genetic testing in healthcare. As this is an exploratory study, this study
will not directly study patient behavior, but will characterize relevant aspects of behavior
through the expert contributions of healthcare professionals, such as genetic counselors. These
professionals, due to their practical experience in the field, are vital in charting the relevant

aspects of human behavior for the establishment of a system of personalized healthcare.

Understanding these behaviors requires an understand of the factors that might have influenced
the cognitive representation of concepts and the decision-making process. Beyond the
behaviors and responses, themselves, this study is thus interested in the mechanisms behind
different kinds of behaviors. Furthermore, this study is interested in the contextual factors, such
a socio-economic factors and health-literacy, that influence individuals’ health-directed
behaviors. Examples of important issues in relation to health-directed behaviors is an
individuals’ ability to understand the concepts of genetic healthcare, individuals’ ability to
engage in competent decision making, individuals’ particular reasons for (not) acting on certain

information, and fears individuals might have about the broader implications of genetic testing.

The second research question thus focuses on the role played by individuals in a system of
personalized healthcare and is concerned with engagement and responses in relation to this
system. This information is relevant to both ensure that the system meets the needs of patients
and that resources are employed such that they will empower patients to engage in health

directed behaviors.

RQ2: What are the reactions and behaviors exhibited by patients and relatives in relation to
the process of genetic testing in healthcare, and which factors have influenced them?

The second objective is thus to characterize patient behavior and the factors that influenced the
behavior in the context of genetic testing in healthcare. A distinction is made between the
different phases of the process, specifically about engagement and responses before, during,
and after engaging with genetic testing. The before state also explicitly includes those that are

potential patients, such as informed relatives of those with hereditary conditions.
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3. Method

This research will perform data collection through semi-structured interviews and data analysis
through subsequent thematic analysis. The semi-structured interviews allow rich data to be
obtained from a set of heterogenous stakeholders, whilst thematic analysis allows for the
extraction and characterization of dominant themes between these stakeholders.

A semi-structured interview approach is chosen to ensure that the same basic information is
obtained from each interviewee, whilst also affording the possibility to probe deeper into
subject matter specific to a stakeholder (Adams, 2015; Magaldi & Berler, 2020). As the
research concerns stakeholders which exhibit both overlap and divergence in the roles and
functions they occupy within the innovation ecosystem, the flexibility of semi-structured
interviews is uniquely suited to this research. Methodological guidance for the interviews was
predominantly obtained from Brinkman & Kvale (2018) and Roberts (2020), and from the IRP
framework by Castillo-Montoya (2016) for the interview guide.

Data collected during the interview phase will subsequently be analyzed using thematic
analysis in order to extract themes with regards to the research topic which re-occur between
the different stakeholders. Using thematical analysis in this way is consistent with the
exploratory approach that this research takes. The thematic analysis will follow the six steps
from the process developed by Braun and Clarke (2006). The thematic analysis will result in a
list of themes, each consisting of several sub themes. These sub-themes will be characterized

and excerpts from the data will be used to illustrate the presence of these themes in the data.

Although the characteristics of the selected methods make them uniquely suited to the current
research, the limitations of these methods should also not be ignored. Therefore, before
presenting the remainder of this section, the next paragraph outlines the steps taken to ensure

rigor throughout the interview process and thematic analysis.

3.1. Researcher reflexivity

Reflexivity refers to a researcher’s effort and ability to explore, acknowledge, and guard against
the influence of biases and assumptions in the research process (Magaldi & Berler, 2020).
Personal biases will be managed throughout to mitigate the influence of researcher subjectivity,
and to ensure the empirical process remains discovery oriented in rather than confirmatory

(Elliott et al., 1999). The current research is performed by a single researcher, formulating the
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research questions, and conducting both the interviews and data analysis. Ensuring an adequate
level of researcher reflexivity is thus of major importance. One major element of managing
biases has been frequent discussion with at least two supervisors on the research project,
intended to detect any individual assumptions or biases.

From the research questions, objectives for the interviews were formulated. These are
formulated such that they emphasize the types of information that is to be obtained from
participants, without assumptions regarding any specifics. Research questions were generated
from these objectives in an iterative manner, with each step including discussion with and
feedback from the supervisors to the project. Questions were critically evaluated for the way
in which they might introduce subjectivity, and if required, adjusted accordingly. An initial
interview was conducted to assess the way questions were understood by the participant, and
questions that left room for interpretation were again adjusted accordingly.

Extensive familiarization with the transcripts took place prior to coding to ensure proper
understanding of participants responses and spot any biases or assumptions in interpretation.
Initial coding was kept close to the data and devoid of subjective interpretation. Two full rounds
of coding were performed to aid reliability in assigning codes and evaluate existing codes for
subjectivity. Themes were formulated close to the data, and associated excerpts preferably
highlighted a multitude of perspectives on this common theme. A third round was performed
to ensure proper alignment of excepts with theme definitions. Code and theme definitions and
accompanying notes were employed to ensure consistency in inclusion and exclusion of data
during coding. The software packed employed ensured that all data could be organized and
managed efficiently and effectively. During and subsequent to coding the data, identified
themes and underlying data were discussed with, and critically evaluated by, the supervisors to
the project.

3.2 Interview guide

The nature of the semi-structured is such that it allows for both convergence and divergence
with regards to the information that is obtained from each interviewee. An interview guide was
developed to provide basic structure and focus to the interviews (Brinkman & Kvale, 2015).
Interview questions were developed such that they ensure appropriate coverage of the dominant

and overlapping subjects indicated by the objectives between all interviews.
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The interview guide consists of a list of open questions to be asked, and instructions to the
interviewer to encourage the participant to share freely from experience (Seidman, 2013;
Brinkman & Kvale, 2015; Roberts, 2020). Furthermore, the interviewer is instructed to probe
deeper into relevant information provided in a response by the participant. No strict order of
the questions is prescribed, although an order is suggested, nor does it prescribe predetermined
follow-up questions. It therefore affords the interviewer significant flexibility in conducting
the interview. As all the interviews will be conducted by the same interviewer, this freedom
and flexibility is not expected to lead to inconsistencies impacting the reliability of the results.
Questions deemed to fall outside of the scope of expertise of a specific participant will be
omitted from the interview, to ensure the focus remains on those subjects for which the

participant is able to provide valuable information.

The interview guide was developed following the Interview Protocol Refinement (IPR)
framework set forth by Castillo-Montoya (2016). This framework was introduced to
“strengthen the reliability of interview protocols used for qualitative research and thereby
contribute to improving the quality of data obtained from research interviews” (Castillo-
Montoya, 2016, p. 811). The framework is centered around a four-phase process: (1) ensuring
interview questions align with research questions, (2) constructing an inquiry-based
conversation, (3) receiving feedback on interview protocols, and (4) piloting the interview
protocol. As the development of the interview guide is an iterative process, some of these
phases have been completed multiple times.

In order to ensure alignment between the interview questions and the research questions, the
interview questions are developed on the basis of the objectives set forth in formulating the
research question. Developing the interview questions started with an initial brainstorm,
resulting in a list of questions broadly covering the issues at hand. Care has been taken to ensure
the formulation of questions did not influence participants to provide responses that are in line
with any predetermined expectations. Questions concern predominantly the values and
interests of respective stakeholder groups, changes in values over time, the way in which values
influenced actions, instances in which these values caused friction within the group or with
other stakeholder groups, and the barriers this poses. Additional questions have been
formulated regarding experience and behavior of individuals. Questions were subsequently

evaluated considering the objectives, the research question, and the other potential questions.
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Questions deemed too similar in nature were either combined with each other, or discarded if
one of the questions made the other superfluous. Some questions were adjusted to represent
their scope more clearly, whilst others were adjusted to prevent the use of confusing language.
The process resulted in a list of 11 broad questions that were deemed to align with both
objectives set forth and were intended to serve as a guide for the generation of a larger number

of more detailed questions.

These initial questions were discussed in a meeting with the supervisors of this project to
determine whether coverage of the subject matter was sufficient, and adjustments were made
to these broad questions to ensure generation of an appropriate set of improved questions.
Additional questions were generated to accompany existing questions, which included a
question inquiring about how knowledge about stakeholder values was obtained, and a question
to explore a specific trade-off between values. Questions pertaining to the individual were split
up to discriminate between people in general and patients specifically. Based on the adjusted
main questions and the additional feedback provided, a list of 22 questions was generated, from
which an initial full interview guide was constructed. This interview guide was evaluated using
the Activity Checklist for Close Reading of Interview Protocol from the IPR Framework
(Castillo-Montoya, 2016). Where relevant, changes were made to the interview guide based on
any shortcomings revealed through close reading with the IPR checklist. Important for the
reliability of any responses obtained is whether the interview questions are sufficiently well
understood by the participants, and whether such an understanding is consistent with the
expectations of the researcher (Castillo-Montoya, 2016). Since internal feedback is only of
limited use in this regard the initial interview guide was tested in situ during an initial interview.
In addition to any notes pertaining to the content of the responses provided by the participant,

the interviewer was tasked with logging any other observations of relevance.

The initial interview guide together with the notes from the pilot interview were discussed in
another meeting with the supervisors of this project. The pilot interview revealed that core
concepts (such as values, for example) might not be as self-evident as initially assumed, and
participants understanding of the questions might be aided by providing a definition of the core
concepts and checking whether the participant has understood them as such. It was also found
that some questions might need to be repeated if multiple relevant stakeholder groups are
discussed to avoid ambiguity in interpreting the participants responses. Other changes included

subtle changes to questions to entice participants to include more concrete examples in their
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answers, and have participants illustrate how their experiences relate to factual situations. The

final 22 questions can be found in Table 1 and Table 2. The final interview guide verbatim can

be found in Appendix A. As all interviews were performed in Dutch, the final list of questions

was translated to Dutch prior to the interviews.

Number Question

1 How would you describe [organization]’s role in contributing to a system of personalized
healthcare?

2 How do [organization]’s activities contribute to accelerating personalized health?

3 How would you describe the relevance of [organization] in the ecosystem?

4 To what extent is the approach that [organization] takes value driven, versus values just playing
arole in the process?

5 Which values are important in [organization]’s role? Can you provide concrete examples?

6 Which stakeholders do you consider, and what values are important to one and not the other?

7 How were these values uncovered? Where the stakeholders asked directly?

8 If you trade off value [X] against value [Y], who is impacted and in which way?

9 Avre there any value conflicts or value friction that you encounter?

10 Are there major changes over time in values that parties bring to the table?

11 How would the values that you hold dear be embodies in advice you give, or how would they
be implemented in real world cases?

12 How do you weigh the interests of researchers, citizens, care providers and industry (against
each other)?

13 What is the public response towards your activities?

14 What are some major barriers that you see, and what is their nature?

15 How are the collaborations between stakeholders going?

Table 1 List of the 15 general interview questions

Number Question

16 What are the dominant subjects about which people seek information in relation to genetic
testing?

17 What are the dominant subjects that people express concerns about in relation to genetic
testing?

18 How would you characterize the types of reactions patients have when they are initially
involved in the process of genetic testing?

29 How would you characterize the types of reactions patients have to the return of results of
genetic testing?

20 In the process of genetic testing and return of results, are there any changes over time in the
information patients seek or the concerns they express?

21 To what extent does the process of genetic testing and return of results impact health directed
behaviors in individuals?

22 In practice, how do healthcare professionals deal with findings that apply to relatives of the

patient?

Table 2 List of the 7 behavior specific interview questions
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3.3 Selection of participants

Interviews were conducted with a total of 8 participants, all of which were representatives of
one of the stakeholder groups. It should be noted that that, despite best efforts, stakeholder
representation is not exhaustive. Nevertheless, given that the major stakeholder groups are all
represented in some way, the group of 8 participants is deemed to be of appropriate size and
distinction. Broadly, six categories of stakeholder groups were identified to be included in the
interviews: (1) government, (2) industry, (3) academia, (4) healthcare sector, (5) patients, and
(6) the public. Specifically, governmental bodies concerned with regulating the use of
personalized medicines in healthcare, industry parties involved with the development and
provision of personalized medicines, academics focused on the ethical and legal aspects of
personalized medicine in healthcare, academics performing research in the field of
personalized medicines, healthcare professionals such as medical geneticists and genetic
counselors, and independent bodies representing patient and public interest. Demarcation of
stakeholder groups is not strict or exclusive, as for example, patients also belong to the public,
and entities in the healthcare sector might show affiliation with industry and/or academia.

Two approaches to scouting prospective participants were taken. The first was to identify
relevant institutions, associations or interest groups that represent the interests of relevant
stakeholders. Information from collaborative initiatives in the field of personalized medicine
was consulted to identify parties engaged with a transition towards the application of
personalized medicine. This also led to the identification of relevant governmental bodies.
Information about the Dutch academic hospitals was examined to identify which hospitals and
departments had relevant expertise and preferably involvement in relevant personalized
medicine initiatives. Relevant academic research groups were identified through recent
contributions to literature and personal communications with researchers at different
universities. lIdentified stakeholders include administrative bodies, industry associations,

professional associations, and academic medical research groups.

The second approach was to directly identify individuals with relevant expertise. Academics
were again identified both through recent contributions to literature and through consulting
other academics in relevant disciplines. Medical geneticists and genetic counselors were
identified both directly via the academic hospital’s department website, or via
recommendations via the secretarial offices of such departments. Most individuals approached,

including all the individual geneticists and genetic counselors, proved unwilling to participate
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in the interviews. Emphasizing and elucidating the relevance of their expertise did not change

this. In such cases, it was decided to have this group represented by their respective association.

An invitation letter was sent out to a selection of prospective participants. In initial attempts to
contact prospective participants it was observed that some did not deem their expertise to be
relevant enough to the subject to participate in the interviews. For example, two genetic
counselors informed the researchers that they did not want to participate in the interviews as
they were not involved with personalized medicine. This even though the researchers deemed
genetic counselors to be a prime source of information regarding patient experience. Therefore,
a new invitation letter was crafted, aimed at both illustrating the relevance of the subject, and

the relevance of the prospect’s expertise in relation to the subject.

An initial email expressing interest in interviewing a representative and a general description
of the research was sent to a diverse group of purposively sampled stakeholders. If positive
follow up was received, the invitation letter for the interview was sent to the representative. In
the cases in which a prospective participant with relevant expertise was directly identified, the
interview invitation letter was sent or addressed directly to the individual. The specific parties
approached for the interviews were deemed to be appropriate representatives of the different
stakeholder groups. In total, 24 organizations or individuals have been approached to
participate in the interviews, of which 8 have resulted in a positive response and subsequent

participation in an interview.

With regards to stakeholder value friction, the number of representatives per group is lower
than desired. However, as most of the interviewed parties are associations or bodies specifically
tasked with representing the interests of the group, all the stakeholder groups are deemed to be
sufficiently represented. With regards to human behavior and responses, the last interview with
a representative of this stakeholder group did not result in significant new information, and
saturation was deemed to have been reached. An anonymized overview of the participants and

a general description of their relevant expertise can be found in Table 1.

3.4 Interview procedure
Consent forms were provided through email and collected in advance of the interview. Consent

for the recording of the interview was established again prior to the recording being started.
All interviews took place in the form of a virtual meeting using Microsoft Teams, and the

interviews were conducted by a single interviewer. The same interviewer conducted all
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sessions. Rapport was built throughout the interview but did not receive any special attention

due to the predominantly factual content of the interviews.

The interviews started with the interviewer thanking the participant for their time, and a short
summary of the research and the goals of the interviews. Participants were offered the
opportunity to ask any questions they might have had, and any insecurities were resolved.
Participants were made aware of the fact that data would only be presented in anonymized form

and were encouraged to speak and associate freely.

The interviewer would continue the interview by asking the questions from the interview guide.
Participants were provided with as much time as they needed to provide an answer. After an
answer was provided, the interviewer would generally ask a follow up question or provide
clarification to elicit as much relevant information as possible. When the participant had
provided enough relevant information, either directly or after following up, the interviewer
would move on to the next question. Whenever a question was encountered that was not
relevant to the current participant it would be skipped. After completion of the interview guide
participants were thanked for their time and were made aware that any questions or remarks

they might have after the interview could be sent to the researchers over email.

Participant Description

Participant 1 Representative for a non-profit initiative working to establish an integrated health
data infrastructure for research and innovation, to improve personalized medicine

Participant 2 Representative for an independent administrative body concerned with the
accessibility of healthcare

Participant 3 Representative of a trade association for pharmaceutical companies involved in
the development of new medicines

Participant 4 Representative of a trade association for pharmaceutical companies involved in

the development of new medicines

Participant 5 Pediatric pulmonologist, involved in pharmacogenetic research using organoids

for personalized medicine

Participant 6 Representative of a national information center focused on heredity and genetics

Participant 7 Assistant Professor Ethics & Philosophy of Medicine, focused on Precision Public
Health

Participant 8 Representative for a scientific association for medical specialists in the field of

clinical genetics

Table 3 List of participants and description of relevant expertise. Participant numbers correspond to the order in which the
interviews were conducted.
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3.5 Transcription
Edited literal transcriptions were produced from the recordings. After the interviews,

recordings of the interviews were downloaded from Microsoft Teams and stored in a protected
environment. The open-source FFmpeg Python library was used to extract audio from these
video files for each of the interviews. Subsequently, in a local Python environment, the
automatic speech recognition system Whisper by OpenAl was used to perform speech-to-text
conversion on each of the extracted audio files. The medium-sized multilingual model
(OpenAl, 2023) was used, with the original language parameter set to Dutch. This resulted in

a text file with an initial literal transcription for each of the audio files.

The initial transcriptions were examined, and samples were compared to the original recording
to validate that the output produced by the automatic speech recognition system was of
sufficient quality. The output was deemed to be of good quality, with only minor transcription
errors present. All initial transcriptions were subsequently manually formatted, and any
transcription errors were resolved. In addition, any grammatical errors from the original
interviews were resolved, and repeated words and non-lexical vocables were removed from the

transcript. When necessary, the researcher would refer to the original audio file.

Subsequently, these transcriptions were examined again and formatted to prepare them for
analysis. Paragraphs were created to delineate between the different relevant units of analysis.
Any sections of the transcript that did not contain information that was of direct relevance to
the analysis (such as the formalities at beginning and ending of the interviews) were removed
at this point. This resulted in the final edited transcripts.

3.6 Analysis
A thematic analysis was performed on the transcripts following the process described by Braun

and Clarke (2006). This process consists of six distinct phases: (1) familiarizing yourself with
the data, (2) generating initial codes, (3) searching for themes, (4) reviewing themes, (5)
defining and naming themes (5), and (6) producing the report (Braun & Clarke, 2006, p. 87).
These six phases are steps in an iterative process that will be performed multiple times. The
software package Atlas. Tl (Atlas.Tl, 2023) was employed to facilitate efficient coding of the

transcript, theme generation, and management of excepts.

Familiarization with the data started during the interviews, all of which were conducted by the
same researcher that is performing the thematic analysis. Familiarization with the data
continued during the formatting and preparation of the transcripts and was followed by a
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minimum of three full read throughs of each transcript over the course of two weeks. This

phase revealed several potential themes throughout the data set.

After familiarization a first full round of coding was performed on each of the transcripts.
Coding in this initial round was deliberately kept close to the data, with codes representing
specific concepts. As many of the transcripts as possible were coded, with the number of
uncoded excerpts kept to a minimum. After the initial round of coding, the codes were
evaluated and those that represented a similar subject were grouped under a theme. For
example, all codes representing different loci of friction between stakeholders were grouped
under the overarching theme of friction. Some codes were renamed to better capture what they
represented across the transcripts. Each code was provided with a short definition, and if

necessary, additional notes to aid inclusion and exclusion decisions during coding.

After revising and grouping the codes generated during the initial round of coding, a second
full round of coding was performed on each of the transcripts. Excerpts with codes that poorly
represented them were judged for their relevance and either assigned a new code or discarded.
Uncoded parts of the data that showed a good fit with existing codes were assigned this code.
After the second round of coding, some codes were assigned to a different theme if it were
judged to be a better fit. The second round of coding resulted in 179 unique codes grouped
under 10 unigue overarching themes. These themes were reviewed, provided with a definition,
and renamed if appropriate. An overview of themes and codes was shared and discussed with
three members of the research team and one external researcher. This resulted in a selection of
10 themes which most closely and exhaustively characterize relevant aspects of the data.

A third round of coding was performed with two main objectives. First, to reduce the number
of unique codes per overarching theme by merging them into distinct sub-themes. Second, to
select excerpts from the data which illustrate and contextualize the presence of the theme in
the data. To do this, the 10 themes selected in the previous phase were evaluated again, renamed
if appropriate, and provided with a definition for that overarching theme. Then, all coded
excerpts were evaluated for their fit with the defined theme. Excerpts judged to be suitable

representatives of a theme for inclusion in the results were labeled as such.

Of the 10 themes, 4 were judged to be overarching themes, whilst 6 were judged to be a sub-
theme of one of the overarching themes. Combining these 6 with 17 sub-themes from merged
codes gave 23 sub-themes in total. Additionally, 6 of these sub-themes further break down into

23 sub-themes, resulting in 38 unique sub-themes. Figure 1 presents the full thematic map.
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4. Results

The current section will present the results from the thematic analysis. This section will first
cover the results with regards to stakeholder friction in the innovation ecosystem and
subsequently covers the results regarding instrumental barriers, ethical issues, and human
engagement and responses. Themes are presented and contextualized with excerpts from the
interviews, with participants indicated by their number as presented in Table 1.
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Figure 1 Full thematic map

4.1 Stakeholder friction in the innovation ecosystem

Figure 2 presents a sub-section of the thematic map pertaining specifically to stakeholder
friction within the ecosystem. Stakeholder friction refers to the issues and challenges
stakeholders experience in the cooperation, collaboration, and/or interdependencies with other
stakeholders. Some of these frictions are the result of a clear value-conflict, whilst others take

the form of process, operational, or regulatory friction in the absence of a clear value-conflict.
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Figure 2 Thematic map of themes and sub-themes relating to stakeholder friction in the innovation ecosystem

4.1.1 Insufficient homologation of appropriate standards of evidence

This locus of friction concerns the standards of evidence for the introduction of new diagnostics
and interventions in personalized medicine. It concerns a discrepancy between the evidence
demanded by policies or laws for the adoption of new interventions and the evidence that can
be provided by those developing personalized medicines. Current evidence-based medicine
frameworks are based on notions of collectivity, focusing on group-centered studies, and are
not well suited to assess a new generation of highly personalized medicines. The type of friction
here is structural and regulatory misalignment through bureaucratic inertia. Regulatory bodies
and legislative processes are comparatively slow-moving, which creates a lag between the
development of personalized medicines and their official approval and adoption.

Friction predominantly occurs between the pharmaceutical industry as producers of
personalized medicine and the regulatory bodies that determine which diagnostic tools and
intervention are adopted and covered by health insurance. For the approval of new medicines,
governmental bodies are bound by frameworks with specific requirements for the evidence of
the medicine’s safety and effectiveness, which executive institutions cannot independently
alter. These frameworks are based on collectivity, where evidence-based assessment of
medicines is generally based on group studies, large sample sizes, and meta-analysis, and are

thus not well suited to assess the new generation of highly personalized medicines.

55



"Legally, we adhere to the principle of evidence-based medicine. Evidence-based medicine is
a scientific methodology that is essentially and fundamentally based on collectivity, so you don't really
focus on a single patient. But when you are dealing with a small group of patients, we believe that this
methodology is inadequate. How do you then apply a methodology that is based on a collective
understanding and all statistical assessments and significance between various datasets, for example,
to an orphan drug, for which a limited number of patients are eligible, or to an individual when it comes

to personalized medicine?" (Participant 2)

This lack of a proper framework to assess personalized medicines creates friction with those
that are attempting to develop such medicines and to make them available to patients. As
personalized medicines poorly lend themselves for assessment through traditional methods,

even if convincing evidence existed, it would be inadmissible.

"If I collect data point ABC and conduct a comprehensive analysis on it, and that analysis is
really well-structured, with a clear causal relationship, but the person ultimately responsible for the
assessment or payment wants to see data point XYZ, then my analysis can be as perfect as it can be, but
in practice, | can do very little with it. And then the barriers, in this case, are purely in the realm of

governance, so to speak, and not because we lack information.” (Participant 4)

For those medicines that do find approval, there is friction with regards to the available forms
of diagnosis. Doctors will not be able to make personalized medicines available to those that
could benefit from them if these patients cannot be successfully identified. In addition, the
pharmaceutical industry might also decide against making a medicine available in a specific
market if only a fraction of patients can be successfully identified.

"If you look at the situation in the Netherlands, for example, where a number of medications
are coming onto the market, and the diagnostic structure we have in the Netherlands doesn't align with
how we have designed our studies. As a result, I'll give you an example, only 5% of the expected number
of patients are being found. This is, of course, challenging for our companies [...] because you can't
achieve your expected revenue, and you can't help the patients even though you know they exist. On the
other hand, it's also challenging for doctors because they might have such a patient in front of them,
but they can't identify them due to the lack of proper diagnostics. Ultimately, this creates a conflicting

interest within the system." (Participant 4)
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4.1.2 Insufficient reconciliation between interests and responsibilities in data sharing
between stakeholders

This locus of friction concerns the sharing of data, the rights that come with owning data, and
the responsibilities that come with data stewardship. Friction occurs because data sharing
between different stakeholders is necessary for the common interest of improving outcomes in
the field of personalized medicine, yet each of the parties that wants to share or obtain data
might also aim to further or protect their own interests with that data. This type of friction is
value-conflict, manifested through conflicting interests, goals, responsibilities, and rights

between stakeholders.

One of the risks is that data that is collected based for a specific purpose or within a specific
justification would be used (whether by other parties or not) for a purpose that does not align
with the initial purpose/justification. For example, if a private entity would be able to generate
disproportionate benefits for themselves from data that was provided by individuals under a
common good justification, this would clearly be at odds with each other. On the other hand,
private parties have an interest in being able to capitalize on their own data and expertise. This
could make it difficult for parties to engage with each other if they cannot find sufficient

alignment in their goals.

"Other work on how the common good is discussed is also very interesting because it explores
how it is justified here: is it worth investigating? Because it also reveals, if you justify it in this way, it
says something about the goals you have and what they should achieve. And then you can at least hold
someone accountable when you say, "Well, we ask people to share to contribute to this research.' Well,
then you also want to ensure that the commercial parties using it don't obstruct that goal or do

something entirely different, which is actually at odds with that goal." (Participant 7)

Difficulty is increased by the fact that once data is shared, it is very difficult to exert control
over that data. Especially in a field that is seeing rapid development, and which both novel and
incumbent private entities are trying to enter, a lot of parties will eventually be acquired or
merged. On the other hand, successful initiatives from the academic side could be spun-off into
a private entity. All this makes it difficult to exert control over any shared data and to ensure

that the data serves the purpose for which it was collected.

"l can see it here in the hospital to some extent. They have a great initiative, they want to
develop a nice app, or something that requires technological innovation. Then they start working with

a small, sympathetic company. A few young guys who have a great plan. And they really see something
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like, 'l want to make a difference for society, which is better than what big companies do.' But then there
comes a point, it works, it performs well, and now what? Because healthcare always involves scaling
up. Because, of course, it's enormous. If it's for a specific patient population, you want to make it widely
available. Moreover, you have no reason not to. And then there's that challenging step, where indeed
such a company, as we're seeing in the example now, is bought by [multinational healthcare company].
And now the rights are with them. So, you have shareholders who call the shots. And now it's stagnating
a bit because it's not necessarily commercially very attractive. But especially when it needs to reach a

certain patient group, you know. And it stays there." (Participant 7)

"A company always goes for the money and might be taken over. And who knows what they'll

do with it? You simply give [the data] away, and it's gone." (Participant 8)

Another important aspect that impacts data sharing is reciprocity in the exchange, and the
proportionality of that reciprocity in relation to the interests’ parties have in keeping their data
shielded. As seen in the previous excerpts, parties from the healthcare system can be reluctant
to engage in data sharing due to the fear of loss of control over their patient data, for which
they carry a responsibility. On the other hand, parties from the pharmaceutical industry, while
wanting to obtain data from other parties, can be reluctant to share proprietary information that
was obtained through significant investments. While both parties seem to recognize the value

of cooperation, the mentioned factors might prove dominant in preventing data exchange.

"For example, when you talk to commercial parties, they will probably say, 'Yes, all fantastic,’
because they are only thinking, 'Bring on the data.' Then you have to tell them, you know, that might
also mean that what you generate has to go to other parties. The pharmaceutical industry, for instance,
all that information about clinical trials is not readily available. Meanwhile, there is an increasing
demand for data from healthcare and academic research. So, you have that conversation about it, and
when it becomes clear, yes, but this is what we mean, of course, you also get the response, 'Do you
know how much it cost to conduct those clinical trials and generate that data? There are implications

if that information becomes public."" (Participant 1)

What becomes clear from the data is that looking at data sharing from the perspective of
ownership of data (whether in a legal or practical sense) is insufficient. Rather, it seems that in
the process of data sharing comes with a certain expectation of stewardship. That is, parties
want to impose a responsibility on each other to prevent the data from being used in ways that
are deemed undesirable by the sharing party. However, as mentioned above, keeping track of

data and its use would require a compatible infrastructure.
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"What | just outlined about the somewhat more commercial interests and who exactly has
control over the data. Very often, it still revolves around ownership, while | always prefer to talk about
responsibility. You may want to have it, but you are also responsible for it. And responsible for ensuring
that something is done with it, not just sitting in your database. And how? And how do you coordinate
that? So, | think these are also things that come up a lot." (Participant 1)

"In this case, I think it's very interesting to study what they claim to do, what promises they
make, what does the infrastructure look like, how is it justified, and can you discern from that

architecture that it serves that purpose." (Participant 7)
4.1.3 Challenges in reconciling public health with stakeholder specific interests.

Although diverging interests between stakeholders underly many of the other loci of friction,
a reoccurring locus of friction that between public health interests and stakeholder specific
interests. The latter mainly relates to the particular interests of individuals and the commercial
interest of industry parties. This type of friction is value-friction, manifested through diverging
interests, and diverging value-priorities with regards to justice and the fair distribution of

resources between parties.

One kind of friction, although this might not be experienced explicitly, occurs between the
individual and the collective. Although there are countless different ways in which this could
occur, all follow a pattern in which individual actions that might seem inconsequential (or even
beneficial) to the individual in the short term might lead to long term collective harm. While
an individual might not experience any direct harm by sharing their data with any party, such
sharing decisions could affect the healthcare system in ways that will harm the collective. This
friction also concerns the institutions faced with the trade-offs of allocating resources between

the development and provision of personalized versus collective medicines.

"But yeah, these kinds of very rigid ways to ensure that it's truly fair and just... well, that's not
at all the case with commercial parties. And that's because [some uses of] data, of course, cause a kind
of harm that is very indirect and implicit and more at the public level than at the individual level. So,
it's not necessarily that | feel harmed by sharing my data, but | do feel harmed if, at some point, I no

longer receive the same level of care | had ten years ago.” (Participant 7)

"If this new form of care is covered healthcare, that means it has to be paid for from premium
funds, from our public wallet. Well, it's fine for those who need that care, but the money has to come
from somewhere, and you can only spend a euro once. This means that, in a way, making new

technology accessible may require that you limit healthcare access in another area.” (Participant 2)
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A pervasive locus of friction is that between public health interests and commercial interests.
One the one hand, there is the risk that some parties will obtain excessive personal benefit from
those personalized medicines that will serve a large patient population, although serving this
large population is beneficial from both a public health and a commercial perspective.

"For example, 23andMe has a very large database with millions of people, and there are
research institutes that apply for access to that data to conduct research with it, so it works the other
way around as well. These companies can easily obtain that data, but they are focused on making a
profit and earning money from it. If research indeed takes place within a scientific framework with
certain restrictions, and no money is made from it, well, personally, that seems better to me, but of

course, it depends on who you ask.” (Participant 6)

On the other hand, the influence of commercial interests introduces the risk of a lack of
development of personalized medicines that will serve only a small patient population, as a
smaller market negatively affects the ease with which investments can be recouped and profits
can be realized. In the latter case, there is less overlap between public health interests and

commercial interests.

""So, there's also a kind of tension there; it's not just that we need big tech to progress. It also
hinders things that are necessary but not commercially interesting. The technological innovations that
we would all benefit from but aren't very exciting because they simply won't generate a lot of profit. So,

that tension is always present." (Participant 7)
4.1.4 Financial considerations in balancing individual treatment efficacy and public health

This locus of friction revolves around the financial aspects of personalized healthcare, and
concerns distribution of costs and benefits, and allocation of resources. This type of friction is
value-conflict in resource allocation, resulting in a resource allocation dilemma between

stakeholders. It concerns trading off individual treatment efficacy versus public health impact.

Those governing the allocation of public funds for healthcare, whether it is for research and
development or the actual provision of healthcare, want to ensure that maximum public benefit
is created with the provided resources. They are therefore diligent in how such funds are spent
and have been quite conservative in including forms of personalized medicine into covered
care, especially when more cost-effective alternatives are deemed to be available. It can also
be challenging to justify paying for interventions when there are unresolved issues pertaining

to the appraisal of evidence concerning the effectiveness of these medicines (as discussed in
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the standards of evidence theme), and/or when there are other avenues available through which

the same resources could create more public benefit.

"There's always a price tag attached, if you invest in point A from the public wallet, you can't
invest in point B. Be conscious of that choice; that's what it's all about.” (Participant 2)

However, the pharmaceutical industry argues that this approach can also lead to inefficient use
of resources. They think that doctors should prioritize the most effective treatments even if they
are more expensive, which could lead to cost savings in the longer term. There is thus clear
disagreement between those that supply personalized medicines and those that need to pay for

them about the most effective application of each other’s resources.

"It's like, 'Let's try the inexpensive options first, and if they don't work, then we'll go for
the costly ones." Whereas we say, 'Choose what works best, and if it's cheaper, that's great,
excellent, go for it. But if the expensive option is the one that works, it's a bit unethical to give
a patient four or five treatments that are unlikely to work, before using something you know

for sure will work."" (Participant 3)

"It's also an entirely new dynamic. You must imagine that in the Netherlands, we
primarily view medication through a cost perspective. However, if we consider a scenario
where we introduce a new medication to the market, which is essentially introduced as a fifth-
line treatment, we handle it differently. For instance, if you use it in the second line. You might
pay a bit more, but you gain in sustainability because you use fewer resources, which is a win,

and also in productivity.” (Participant 4)

However, the arguments made by the pharmaceutical companies do not seem to be convincing
to those that influence which medicines are provided to the patients, such as doctors and

insurance companies. These parties regard these medicines as unnecessarily expensive.

"These are conflicting interests, yes, they are quite clear when you look at the pharmaceutical
industry versus doctors and insurers. Pharmaceutical companies also want to make money, but doctors
(and sometimes patients as well) believe that some medical treatments are being priced too high in the
market. They question whether it's really necessary. It revolves around conflicting interests, and |

especially notice this in the insurance field, which is where we see the effects.” (Participant 6)

This friction between the providers of personalized medicine and those that pay for them could
lead to pharmaceutical companies delaying introduction or abstaining from introducing certain

medicines to the market, even though they could be beneficial to patients.
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"If I may provide an example, we're talking about [new medicine], as | mentioned earlier, where
a certain number of patients is expected but not found. We hear in the field that companies currently
negotiating reimbursement procedures will actually advise their headquarters not to launch these drugs
in the Netherlands." (Participant 4)

It is argued that in this way, an emphasis on the cost-effective nature of healthcare could come at the

cost of patients not being able to benefit from the available, but more expensive, genomics innovations.

"There is a lot of emphasis on it being cheap. Yes, | understand that, and |1 completely agree

with it. But please, do leave room for innovation.” (Participant 3)
4.1.5 Essentiality and proportionality of using genomic data in realizing health outcomes.

A recurring locus of friction is the question of essentiality, that is; to what extent does additional
data contribute to a better quality of care. This friction mainly applies to the preventative
promises of personalized medicine, for example in relation to lifestyle changes. It is argued
that some of these investments in and applications of personalized medicine are superfluous,
as the same outcomes can be achieved using simpler and more available means. This type of

friction is value-conflict in evaluating effectiveness, necessity, equity and accessibility.

The promise of personalized medicine to contribute to prevention of conditions partly depends
on individuals employing insights from their genetic profile to engage in lifestyle changes that
would prevent or mitigate conditions for which they are at risk. However, some parties argue
that a lack of knowledge about effective lifestyle changes is not a significant part of the

problem. Rather, the difficulty is eliciting changes in human behavior.

“It's like with the climate, there isn't a technology fix that will solve this. We will have to adapt

our behavior." (Participant 5)

"I think we have our hands full teaching healthy behavior to society as a whole, so | believe it's
extremely important to allocate our resources and attention to that. That's the priority, and I think we
should only add genetic screening to it, emphasize adding, if it provides benefit. | really believe that
healthy behavior and a healthy lifestyle are areas where we still have a long way to go. Think about
smoking, think about cannabis, think about drugs, think about alcohol, think about nutrition, think about
physical activity. Well, first, try to get 17 million people on the right path. Let's please invest all our

resources in that because, in my opinion, that's the biggest gain.” (Participant 5)

"You see, there are large warnings on cigarette packages, 'smoking is deadly," and yet they

are still sold. So, it's addictive, it's easy, it's... Knowing a risk profile, well, if someone is overweight,
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they can see for themselves that they are overweight, and they probably know they have a high risk for

this, this, and this. But it's not an immediate reason to change their behavior.” (Participant 5)

Another question that is raised here is, next to what the actual benefit would be, is whom these
benefits would affect. Although genomic data is an important part of this data intensive form
of medicine, many additional sources of data are employed. One of these sources is self-
tracking, in which data gathered by the patients themselves can be used to monitor the effect
of lifestyle changes or other interventions. This places an additional requirement on the patient,
a requirement which not all patients are equally equipped to fulfill. Rather, it is argued that the

patients most able to benefit from this are those that need it the least.

"And the whole point, of course, that came out of our research on data-driven
prevention here, is that it's not that interesting. In many cases, the patients who can really
benefit from wearables, new data, new information, so to speak, are the tech-savvy, highly
educated, affluent people. These people can marginally improve themselves because they

already have a lot in the baseline.” (Participant 7)

Although most clearly present in cases where personalized healthcare would augment or
replace traditional forms of healthcare (as opposed to cases in which it provides abilities
unavailable before), friction about the necessity of personalized healthcare is present
throughout. As illustrated with regards to the financial theme, those allocating public resources
have the responsibility to allocate them in a way that maximizes public health. In each instance,
these parties thus must be convinced that employing personalized healthcare realizes public

health outcomes that could not have been achieved using cheaper means.

""So, everything ultimately comes down to a principle, let's say, we are not against innovation
or a new development, even from the influence of the industry. However, show me the data that it does
add value. All kinds of personalized self-tests, for example, even consumer genomics, show me the data.
Measure in an objective way that it adds value, for the money, for the patient, for society, for

productivity, for labor savings.” (Participant 2)
4.1.6 Establishing trust among stakeholders in early-stage innovations.

This locus of friction concerns the trust, or lack thereof, stakeholders have when engaged with
each other. This is especially relevant in these early phases of the innovation-lifecycle. This is
the period during which a standardized infrastructure is being established and processes and

procedures for collaboration are still ill defined. Trust is an important factor in the success and
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durability of cooperation between parties. This type of friction is process and relational friction,

caused by a lack of trust and inadequate preconditions for stakeholders’ accountability.

Collaborating parties will have to trust each other not to undermine each other's interests. For
example, with regards to data sharing, parties must trust that the data they shared is only used
for the intended purposes. However, as illustrated before, this trust is sometimes violated;
“Such a company [...] is bought by [multinational healthcare company]. And now the rights

are with them. So, you have shareholders who now call the shots.” (Participant 7).

Other instances where trust (or lack thereof) causes friction are with regards to the reciprocity
of a collaboration and the commitment to that collaboration. Parties must be able to trust each
other to act in a mutually beneficial way, and trust that neither will be a free-rider on the
collaboration. Furthermore, parties must be able to trust that the other party is committed and
will not suddenly abandon the collaboration, such as pharmaceutical companies suddenly
changing strategies. When collaborating with academic researchers, parties must also be able

to trust each other to deliver an appropriate and suitable quality of work.

"People do see that things can be improved, but maybe there's still a bit of a 'seeing is believing'
mentality. This whole idea of improving things is really driven from the academic side, so that's why
there is still some apprehension about the collaboration between the more academic side and the
commercial side. Some people have had good experiences, but there are also many bad experiences.
The lack of trust is that commercial parties simply withdraw when their strategy changes. Exiting a
collaboration after three years or only taking and not giving. On the other hand, there is the
preconception that academic researchers simply don't deliver quality. They're just tinkering in their
own labs, and there might be something in a lab journal, but a pharmaceutical company can't use that;

they have to do everything from scratch. There's still a lot that needs to come together."” (Participant 1)
Even between Dutch academic hospitals, trust seems to influence effective collaboration.

"What's also quite a thing in the Netherlands, is the 'not-invented-here' syndrome; if we
haven't been directly involved, we don't trust it. We only have eight UMCs but they have been around

for thirty years, and they haven't come up with solutions for these issues." (Participant 1)
4.1.7 Reframing privacy dynamics in stakeholder collaboration

This theme concerns privacy at the ecosystem level. Whereas stakeholders seem to agree that
patient privacy is an important aspect in personalized medicine, there does not seem to be a

consensus between stakeholders as to what privacy means and what it implies for the design of
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the system. The type of friction here is predominantly conceptual and operational friction,

although some aspects are clear examples of value conflict with regards to privacy.

Discussion about this sensitive topic seems difficult, as aspects of personalized medicine are
framed as detrimental to personal privacy. In addition, some deem warranting privacy to be the
responsibility of other stakeholders (such as regulators), and do not seem to have formulated
clear requirements about this themselves. It is therefore difficult to define privacy as a locus of
friction between stakeholders. However, what is interesting about this locus is that the conflict

between privacy and personalized medicine might not be as extreme as experienced by some.

"If you look more towards the government or politics, this is sometimes exaggerated, where it's
as if the importance of research is pitted against the privacy of citizens and patients. This is an
unwarranted opposition because they are intertwined. Ultimately, both are in the interest of each other.
A researcher can conduct research while protecting privacy, and conversely, a researcher may not be
able to conduct research, but the privacy of the citizen and patient may still not be protected. So, | think

this is currently being exaggerated more in the societal debate than is justified." (Participant 7)

It is recognized by others that if preconceived notions about conflict between the two can be
overcome, a productive conversation between stakeholders with diverging interests in this

regard might be possible.

"As | mentioned earlier, the rights of patients and citizens in terms of privacy and control versus
the right of others to use data, that is indeed crucial. When you look at the underlying aspect, which is
the desire to improve healthcare in both cases, it ultimately converges. So, you can also observe that
when the conversation shifts in that direction, the more we talk about a learning healthcare system, the

easier it becomes to come closer together." (Participant 1)

Friction regarding privacy for individuals in personalized medicine predominantly relates to
who has access to which data. Although there is a spectrum of concerns, dominant concerns do
not seem to relate to sharing data for legitimate medical purposes, but rather concern fears of

data being used in ways that harm, not help, the individual.

"People often don't want it to fall into the wrong hands or be exposed to the public because it
can ultimately be traced back to you, as it pertains to your DNA. People don't want that. They want
things to remain private because they certainly don't want a situation where, for example, an insurer
knows you have a genetic predisposition to a severe illness, and you might be denied coverage."
(Participant 6)
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Nevertheless, there are also cases in which individuals clearly value privacy much stronger

than, for example, sharing data for research and development in medicine.

"l notice that some patients can be very outspoken about what happens to their data. | know
someone who says, 'I'm more concerned about privacy and such matters than the future of medicine.’

And that's okay; it can go that way too." (Participant 1)

Another interesting observation made by one of the interviewees is that a focus on solidarity
and common interests might be a way to reconcile some of the friction between privacy and

data sharing practices.

"The rights of patients and citizens when it comes to privacy and control, as opposed to the
rights of others to use data, that's certainly very important. And, actually, if you look at the underlying
aspect, you'd like the healthcare to improve in both cases, so it all comes together. So, you also notice
that when the conversation is steered in that direction, the more we talk about a learning healthcare
system, the easier it becomes for us to come closer to each other." (Participant 1)

An additional important aspect of privacy is control. As data in personalized healthcare, once
obtained, is not used for a singular purpose (such as diagnostics and treatment) but is used
continuously and throughout, it seems that patients find it important to retain some form of

control over this data throughout.

"But even if | genuinely think, no, I'm not comfortable with this anymore, | should be able to
indicate that I'm not okay with it anymore. | think that's where the main importance lies, along with

ensuring that things are safe." (Participant 1)
4.1.8 Lack of an adequate and fit for purpose policy framework.

A reoccurring theme is the national and international policy that governs the personalized
healthcare system. Two sub-themes, each a unique locus of friction, have been identified. The
first of these concerns disagreement about the right kind of policy to pursue, specifically with
regards to policies that are deemed too conservative by industry stakeholders. The second sub-
theme concerns policy that is unfit to deal with the unique characteristics of a personalized

healthcare system.

4.1.8.1 Conservative nature of policy

There is clear friction between regulators and industry stakeholders concerning policy matters.
Especially with regards to development and provision of personalized medicines, the
pharmaceutical industry regards the regulators policies as overly conservative. This type of
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friction is value conflict between conservative and progressive attitudes with to medical
innovations. As illustrated in other themes, governmental bodies have a variety of
considerations for making decisions pertaining to public health. On the other hand, others argue
that this conservative attitude might harm public health by preventing innovation and denying

patients access to new diagnostics or personalized medicines.

"You can argue that Europe is very conservative and resistant to change. And perhaps not just
at the European level, but especially at the national level. When you look at how long it took for the

NIP test to be used here, we are years behind others.” (Participant 3)

"l think we are way too slow, if we're not already behind. When you look at the latest
developments, personalized medicines, that's gene cell therapy, Asia and the United States are miles
ahead of us. | think nearly 300 new trials started in the last year, compared to just three in Europe. So,
that says enough. What's unfortunate is that the knowledge here is quite good. But you shouldn't just
have the knowledge and further develop it; you should also be able to apply it. That means you must

both be able to develop and use it." (Participant 3)

"You can also ask the question, should the Netherlands remain so strict? Or should we just say
we need to start allowing it, as long as those who do it in the Netherlands follow the NEN healthcare
standard." (Participant 8)

4.1.8.2 Unfit policy

Another locus of friction is policy that is not fit for the unique characteristics of a personalized
healthcare system. The circular nature of personalized healthcare, which implies the blending
of healthcare with research and development, requires new modes of cooperation between
stakeholders. The type of friction here is structural and regulatory misalignment through

bureaucratic inertia.

Especially between academia and pharmaceutical companies there is friction with regards to
the division of roles and responsibilities. The roles ascribed to the pharmaceutical companies
by the policies in place are deemed unfit in relation to the activities required for a system of

personalized healthcare.

“This has to do with the general perception of industry in the Netherlands. The previous
director used to say, "When you come to the Netherlands, there's a sign that says, ‘Industry, Go Home.'
But joking aside, when you see how easily people sometimes think they can take on the role of the

industry from academia, make a drug themselves. How easily people think those drugs just come about

67



on their own. That's, of course, not the case. Especially now with these new therapies. We have
regulations that are being debated in Europe, and hopefully, we'll hear more about them next month. ”
(Participant 3)

Another type of policy that is deemed unfit are those that govern international collaboration
with regards to research. Whilst new types of genomics-based research are possible, such
research requires sample sizes which are unlikely to be found on the national level. Meaningful
research in this direction thus requires policy aimed at international collaboration and
standardization. It is also argued that such standardization should extend to the admission of

medicines, where there is currently friction between policy on an EU and national level.

“We also need to consider the limitation of the Netherlands. Especially when you look at rare
diseases, we want to measure things in the Netherlands with maybe 20 patients, with a group that is too
small to make any meaningful conclusions. Then we add Belgium, another 15 patients, two from
Luxembourg, and so on. If you measure things differently in all these countries, you won't find anything
in any of them. But if you dare to collaborate with these countries to determine what you need, what
you want to investigate, what you want to measure, then you might have a large enough population to
make meaningful conclusions about the outcomes. Well, there's a European initiative aimed at

exploring this, but they don't get much further than negotiating the price. ” (Participant 3)

“And this is related to the fact that many of these medicines are so promising that they often
receive fast market approval from the EMA. So, we're very happy because they become available
quickly. However, then the Dutch healthcare institute and other payers start to panic because there isn't

much known about these drugs yet.” (Participant 3)
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4.2 Instrumental barriers to ecosystem success

What becomes apparent from the identified frictions is that many of the preconditions that
stakeholders require for the establishment of a system of personalized healthcare are lacking
or inadequately met. Friction here is not value-based, but rather instrumental friction.
Preconditions in this case refer to conditions or elements that need to be in place for the system
of personalized healthcare pers medicine to be realized. Within the theme of preconditions, five
different preconditions have been identified in the data. Figure 3 presents a sub-section of the

thematic map pertaining specifically to instrumental barriers within the ecosystem.

Capacity of the healthcare workforce to Inadequate infrastructure and
meet additional reguirements standardization for data-exchange
Inadequate cooperation and synergistic Inadequate interoperability
value creation between stakeholders of activities and artefacts

Lack of a clear legal framework and
negative conseguences of ambiguity

Figure 3 Thematic map of themes relating to the instrumental barriers to ecosystem success

4.2.1 Capacity of the healthcare workforce to meet additional requirements.

This locus of friction concerns what is required from the healthcare system in a transition
towards a personalized healthcare system and the capacity of the healthcare system to meet
these requirements. Capacity both concerns the overall capacity of the healthcare system for
certain workloads, as well as the capacity individuals in the healthcare system to accommodate
additional or altered tasks. The former relates to the additional demand placed on genetic
counseling resources if genetic testing would be broadly employed. The latter relates to
additional tasks, such as collection and registration of patient data throughout the healthcare
system, that healthcare professionals on many levels are requested to accommodate. This
instrumental fiction arises due to resource and capacity constraints, organizational challenges,

and implementation barriers.
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A full transition towards genomics based personalized medicine would require each individual
patient to be sequenced. Even during the current transition, large amounts of genetic data are
required for research and development in this field. As the clinical genetic departments struggle
to meet the current demand, there is expected to be insufficient capacity to meet this enormous

future demand without scaling up these departments or introducing alternatives.

"It's also the case that there are quite significant waiting lists in the clinical genetics
departments, so it's difficult if a large number of people suddenly start going there, they can't handle
that either. So, it's also a kind of capacity problem, which makes everything more complicated."
(Participant 6)

"For instance, in our conversations with several field parties about molecular diagnostics, we
sense that there's actually fear in this context. These parties are saying, 'But if we start sequencing the
genomes of X number of patients using these diagnostics, there's a significant financial bubble hanging
over our healthcare market because we will suddenly identify more patients whom we otherwise

wouldn't have treated.’” (Participant 3)

The data that is required for personalized medicine extends beyond the genetic profile, and
much of this data will have to be reported by healthcare professionals. This will not only create
additional tasks but will also require changes to the ways in which data are reported and
registered to ensure compatibility with the broader system. This will thus require organizational

changes and education of healthcare professionals on these new systems.

"There are also many healthcare professionals who don't necessarily engage in research, and
for them it's a bit of a double-edged sword. On one hand, they naturally want to improve their work.
On the other hand, we sometimes ask a lot from this group because we also ask them to change some
aspects of their work. For example, we ask if they want to change the way they document their care
tasks, how they register them, or if they suddenly want to do things differently. While they were used to
simply typing in a text box, explaining how things are going with a particular patient. Now, they
suddenly must check boxes and use specific terminology. Because only in this way can we use the data
effectively; filling in text boxes just doesn't get us very far. So, it can be quite demanding on individual
healthcare professionals at times, but it also affects the entire organization surrounding them."
(Participant 1)

Assuming that these organizations are motivated to enact such changes, they still will take
significant additional resources to be realized. Even with additional resources it seems it would

be challenging for some of these organizations to accommodate such changes.
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"An academic hospital also has a significant interest in the research aspect, so they are more
willing to invest in it. A non-academic hospital, on the other hand, thinks, 'I'm already fully occupied
with patient care, do | also have to make everything absolutely perfect so that it can all be reused?’ This
really requires a few extra steps in terms of organization and budget. There is simply not enough of
that. Who is going to do all of that? So, it's mainly a practical and workload issue on that side. | think

that's an additional concern on their part." (Participant 1)
4.2.2 Inadequate cooperation and synergistic value creation between stakeholders

Cooperation between stakeholders is one of the oft stated preconditions for genomics
innovation to take place, and at the same time a source of friction. The friction experienced
here is operational friction arising from difficulties in collaboration and knowledge- and
technology-transfer between stakeholders. For example, even with the best intentions, it can be
difficult to involve laymen citizens in the decision-making process surrounding personalized

medicines in a manner that affords them actual and fair representation.

"That's also just the constant tension. Even if you wanted to do co-construction here, well, who
are you going to invite? A few happy citizens and a PowerPoint, that makes it very easy. You shouldn't
expect much resistance then. The point is, you should actually address those scenarios, the pain points."
(Participant 7)

There is also friction in the cooperation between parties in the healthcare sector. As illustrated
before in relation to trust, the eight academic hospitals in the Netherlands are deemed too
fragmented. However, they have been unable to arrange satisfactory cooperation.

“So far, it has mainly been UMCs (University Medical Centers) among themselves trying to
push certain things forward, and it kept getting stuck every time. ” (Participant 1)

Similarly, it is argued that technology transfer between academia and industry is
inadequate, which stifles the development of products and medicines. Furthermore, Dutch

entrepreneurs also exhibit a lack of cooperation on the national level.

"When you look at academia, yes, there is a lot of good research. But look at how much of that
knowledge ultimately ends up in a product. That is very limited. And it has to do with the poor
technology transfer. Dutch entrepreneurs often aren't smart enough, let's be honest. In the Netherlands,
we choose to start a lot of small companies. In other countries, they choose to bring entrepreneurs
together, to bring ideas together. They start fewer companies, but those are often more robust. That's

another way to do it." (Participant 3)
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4.2.3. Inadequate infrastructure and standardization for data-exchange

Adequate infrastructure is another oft stated precondition for genomics innovation, and a lack
thereof is currently a source of operational friction in the innovation process. Infrastructure in
this case refers to the networks through which resources and information are exchanged
between stakeholders. A dominant cause of operational friction in the innovation process is the

lack of standardized infrastructure for information exchange between stakeholders.

For example, observing the circular idea of personalized medicine, the pharmaceutical industry
would like to be provided with more real-world data from the healthcare sector. However,
standardized infrastructure for this is lacking, and it is unclear who will take responsibility to

establish such infrastructure.

“There are organizations that simply want more real-world data, and for that, you have to turn
to healthcare. They believe that it all needs to be better organized so that they don't have to set up a
whole registry again to see if their medicine is effective, but rather can extract that data from healthcare
as soon as the medicine is used. That's also much more efficient. In the past, they paid for those
registries, so who will do that now? Who will take care of that task? Bringing that data back is still
quite a challenging job in this regard.” (Participant 1)

At the same time, those that influence which personalized medicines will be available to
patients also want to have more data from the healthcare sector. Even for those personalized
medicines currently available, a lack of availability of data makes it difficult to which asses

which medicines deserve broader availability.

"As you offer even more personalized care, it becomes more important to have an overview of
what the various disease profiles, or the trajectories, or care pathways, deliver and what they cost. So,
how do we ensure that sufficient insight is created into the practice of personalized care delivery so
that we can clearly and conditionally say, here is value for money, or there is less value for money, but
also for the quality of care. The challenge lies primarily insufficient availability of data that can
demonstrate the real added value of a kind of personalized treatment or personalized diagnosis."
(Participant 2)

4.2.4. Inadequate interoperability of activities and artefacts

Related to the sub-theme of inadequate infrastructure is the sub-theme of interoperability, or
lack thereof, of the activities and processes of collaborating stakeholders. This does not only

entail that the right products and data are provided, but also the right information is exchanged
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to enable other parties to work with each other’s assets. Operational friction arises from the

complexities associated with achieving interoperability and coordination among stakeholders.

Just as infrastructure is a requirement for the development of personalized healthcare, specific
infrastructure can also place a requirement on those that work with this infrastructure to make
sure exchanged assets are interoperable. For example, standardized infrastructure for data
exchange also requires a standardized workflow to be implemented for the formatting of that
data. This in turn places additional requirements on those generating or working with the data,
which organizations might find difficult to meet.

"A non-academic hospital might think, 'I'm already swamped with patient care, do | also have
to prepare everything absolutely perfect for reuse?' This really demands a few more levels of
organization and budget, which aren't there at all. So, who will do all of that?" (Participant 1)

One of the core principles of personalized medicine is its circular nature, in which data is used
throughout to improve the quality of care. This requires a high degree of interoperability of the
processes of each of the relevant stakeholders. However, stakeholders indicate that this has

proven difficult to realize in practice.

"It is important for us that the rest of the healthcare system can work with these products. This
means that, more than in the past, you can better measure what someone has, the diagnosis. But even
when you give a patient treatment, you can measure very well what happens with it and determine if
that treatment is meaningful. That's the textbook concept of personalized medicines. But what we notice

in practice is that this requires a lot, also from other players in healthcare." (Participant 4)

A clear source of friction can be found between the healthcare sector and pharmaceutical
industry with regards to diagnostics for personalized medicine. As the role of diagnostics in
personalized medicine is different compared to traditional medicine, this requires a new mode
of collaboration between these stakeholders, in which diagnostics becomes an integral part of

the system.

“I think it is important for us, is that we really see the drug as a big, essential part of the
treatment, not as a separate entity, and that's the diagnostics. It is often funded separately or not funded
at all. Without good diagnostics, it is difficult to assess which patient should receive the drug. So, you
must take that into account, and that means thinking differently. Diagnostics becomes much more
important than in the past for determining the ultimate treatment. So, it shifts from something used to

identify a disease to something used to improve a patient's condition." (Participant 3)
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This inoperability between the diagnostics which pharmaceutical companies need for their
medicines to be researched or applied effectively and the diagnostics that are employed in

healthcare influences the availability of personalized medicines for Dutch patients.

" We have studies on a global level or somewhere abroad that prescribe such diagnostics. Then
in the Netherlands, we don't have those diagnostics, so those studies don't open in the Netherlands. As
a result, patients may have access to those experimental drugs later, and if those drugs successfully
pass the study phase, they are also introduced later in the Netherlands because the diagnostics are still
not available. So, in that regard, it's essential to look beyond precision medicine and really consider

what prerequisites are needed." (Participant 4)
4.2.5 Lack of a clear legal framework and negative consequences of ambiguity

Another instrumental barrier is the regulatory friction stemming from a lack of a clear legal
framework and ambiguity in policy with regards to personalized healthcare. This influences
stakeholders in two different ways. By creating uncertainty about what can and cannot be done
the is an increased risk for parties engaging in research, development, or service provision in
personalized healthcare. For example, whilst having been active for over 10 years (and
providing similar services that international parties are legally providing to Dutch consumers),
the largest Dutch direct-to-consumer genetic testing service could technically be operating

illegally if they are indeed testing inside The Netherlands.

“The fact is that we don't have any guidelines for population screening and genetics, they
simply don't exist. There is [Dutch DTC testing service], but the healthcare inspection is keeping a close
eye on them. I'm not sure where the sequencing is done; they probably do it somewhere in the

Netherlands, but they are operating illegally.” (Participant 8)

On the other hand, a lack of clear policy can also enable parties to act in ways that are deemed
undesirable by regulators or the public. Friction here occurs between those that aim to maintain
a tightly regulated healthcare sector and parties that enter this market whilst subverting such
regulations. For example, with personalized healthcare being so data and technology intensive,
some pioneering industry parties have taken a Big Tech approach to healthcare. Due to the
unique and novel nature of the services they provide they are often not subjected to the same
regulations’ other stakeholders (such as academia) are subjected to. This has enabled some to
engage in activities for which they were only later subjected to the same regulation as other
stakeholders. Many other stakeholders deem such a move-fast-and-break-things attitude

towards innovation to be inappropriate in the context of healthcare.
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"Yes, that's actually the constant question and tension. What you're getting now is that Big Tech
is also shaping what public healthcare looks like because they are pioneers in this field. The strange
thing is that we have very strict protocols for the pharmaceutical industry and all sorts of biomedical
research, but for technology development, well, that's a more free-market domain.” (Participant 7)

“That is, of course, the sticking point in this. It's also, like [multinational technology
conglomerate], which always commits transgressions and then gets recalled, and only then legislation
is put in place. | mean, that is really just happening all the time in the medical domain. Just crossing

boundaries and then being recalled.” (Participant 7)

4.3 Ethical issues

Some of the themes identified relate to the ethical issues surrounding genomics based
personalized healthcare. Figure 4 presents a sub-section of the thematic map pertaining
specifically to ethical issues.

Ethical Issues
Accessibility of . |[Just distribution of healthcare
personalized healthcare resources | resources between patients

b - f personalized Equitable access to
SIELESIES WEHED 15 =25 personalized healthcare

Consent in a dynamic and healthcare efforts resources between
iterative process individuals

Value trade-off in informing Personalized medicine challenges to
relatives traditional models of consent

Children’s right to an open |
future N

Fair treatment of individuals in
personalized healthcare

Risk of reductionism: Increased
medicalization and discrimination
through genetic data

Figure 4 Thematic map of themes and sub-themes relating to ethical issues

4.3.1 Accessibility of personalized healthcare resources

One of the themes that is present throughout the interviews is that of the accessibility of
healthcare. Within the theme of accessibility, two distinct ethical issues have been identified.

The first relates to a just distribution of healthcare resources, and concerns whether some health
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resources are theoretically available to specific patients. The second ethical issue relates to
equitable access and concerns how health literacy influences the practical accessibility and

utility of healthcare resources between individuals.

4.3.1.1 Just distribution of healthcare resources between patients

The availability of personalized medicines is framed as an ethical issue. One side of the
argument here is that if there are patients who could benefit from specific personalized
medicines, it would be unethical not to make these medicines available to them. As illustrated
before, the pharmaceutical industry is critical of policies which currently prevent or delay the
introduction of personalized diagnostics and medicines. Furthermore, they are critical of policy
which favors the use of cheaper interventions initially and only makes expensive options

available at a later stage in the treatment process.

“This is, of course, challenging for our companies as you can't achieve your expected

revenue, and you can't help the patients even though you know they exist.” (Participant 4)

“But if the expensive option is the one that works, it's a bit unethical to give a patient
four or five treatments that are unlikely to work, before using something you know for sure will

work." (Participant 3)

The other side of the argument is that, given a limited set of resources, increasing accessibility
of personalized medicine and diagnostics would require the accessibility of care in other places
to be limited. A compounding issue is that, given the expensive nature of these novel
interventions, making such resources available to the individuals that need them might require

limiting public health resources that benefit a much larger group.

"It means that in making a new technology accessible, it might entail limiting access to care
elsewhere. So, the foundation of the choices you make and the consequences of the choices you either
don't make or explicitly make to limit other care is a significant tension between different values."”

(Participant 2)
4.3.1.2 Equitable access to personalized healthcare resources between individuals

Another important ethical issue is the practical accessibility of personalized healthcare
resources, which interviewees often discussed in the context of health literacy. The issue here

is that even though resources might be equally available to all, the extent to which individuals
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are able to access these resources effectively and employ them to their benefit is limited by

what interviewees referred to as (personalized) health literacy.

As discussed in the context of necessity, those that are most likely to obtain benefit from certain
resources are those for which such resources are only able to produce marginal benefit, whilst
the group for which the most public health benefits could be realized fail to effectively access
these resources. There is a limited group of people that are most able to cope with and benefit

from resources that require significant knowledge, discipline, and effort on their side.

“In many cases, the patients who can really make good use of smartwatches, new data, new
information, so to speak, are tech-savvy, highly educated, affluent individuals. These people can
marginally improve themselves because they already have a lot in their baseline. And in that regard, |
think we as a society could say that we have a responsibility to care for the right vulnerable individuals

in our society." (Participant 7)

The issues caused by limited public health literacy are not limited to self-tracking. The
challenges surrounding the provision of genomic information to patients are often referred to
in this context. Due to the nature of this information, for example as it relates to measures of

risk and uncertainty, it can be difficult to effectively communicate the true meaning.

"People have the right to understandable information. If these resources become readily
available, there should be no barriers for people who may not be able to use them even though they
could be very useful and relevant for them. You also need to consider a person's background, their own
1Q, their health literacy, or their literacy skills. This is often challenging because people often prioritize

various other aspects over their health." (Participant 6)

“That's not a small group; there are a few million people like that. So, while we may
all want to do something together, we must be careful that we're not just helping the healthy,
high-1Q individuals who already know their way around. Literacy is important, no doubt, but

you must start from a very basic level. And that's a real problem.” (Participant 8)

4.3.2 Beneficence of personalized healthcare efforts

Beneficence refers to the quality of doing good, which can be context dependent. In medicine,
beneficence refers to the obligation of healthcare professionals to act for the benefit of a patient,
whilst at the same time preventing harm to others. The ethical issues surrounding beneficence

thus relate to whether investing in and employing personalized medicines can be expected to
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benefit patients overall, whilst also preventing harm to patients overall. Beneficence will be

discussed as relating to efficacy, effectiveness, and efficiency of personalized interventions.

Efficacy refers to the capacity of some intervention to, when performed by experts and under
ideal conditions, produce some specific effect. In other words, assuming all other factors are
controlled for, is an intervention able to produce the intended outcome or effect? This value is
important as a vital factor in a transition to personalized medicine is establishing that these

novel interventions function as intended.

“Now it’s all about cancer, but there are likely markers or genetic hooks to be found for other
serious conditions as well, that are strongly associated with them. If research shows that they really
say something about a particular disease, then it's useful. But only then." (Participant 5)

“Use it for the people who do need it within clinical genetic care, but only do it for those for

whom it is proven, evidence-based, that early testing is actually useful." (Participant 8)

Even if the efficacy of interventions has been established this does not naturally entail that such
interventions can also be employed effectively in practice, as the eventual effectiveness of an
intervention is affected by multiple factors throughout the treatment. For example, it is not self-
evident that efficacious genetic screening will naturally lead to improved health outcomes.

"And then consider, well, what does it actually yield? What becomes of all that screening
genetic information? And how does it affect those individuals? Well, that seems to me to be the first
necessity." (Participant 5)

A concrete example of this is found in the interplay between personalized medicines and
molecular diagnostics, where effective application of such medicines is contingent upon
adequate diagnostics throughout the system.

“It is important for our companies that the drugs they produce are used as effectively as
possible. In this regard, predictability plays a crucial role, with molecular diagnostics coming into play,
which is currently a hot topic. This allows us to expect better predictions of which drugs will have what

effect on which patient.” (Participant 4)

Efficiency refers to the relation between the outcomes of interventions and the resources
employed to achieve these outcomes. Efficient use of resources is a theme throughout, as can
be seen in the financial considerations theme and the ethical issues surrounding accessibility.

Efficiency is valued at two distinct levels, first in the context of maximizing health outcomes
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at a societal level, and second in the context of achieving specific health outcomes at the

individual level.

At the societal level, efficiency refers to allocating the limited resources available such that the
achieved public health outcomes are maximized. This generally means, to an extent, allocating
resources such that they achieve the greatest amount of benefit for the greatest amount of

people. This entails careful consideration for how money is spent, for example.

"On the other hand, there's always a price tag, which means that if you invest money from the
public purse in point A, it means you can't invest in point B. Be aware of that choice; that's what it
comes down to. [...] And if, as I noticed, the data clearly indicates that preventive diagnostics for
certain specific conditions result in significant cost savings, then something like that becomes
particularly interesting to invest in or encourage, or even to include it in the basic insurance package,

so that it becomes a standard part of healthcare." (Participant 2)

At the individual level, efficiency refers to choosing the diagnostics and interventions such that
health outcomes are achieved with the least number of resources possible. As discussed in the
friction theme of essentiality and proportionality, some of the experts fear that personalized
medicine tools would be employed in cases in which the same health outcomes could be

achieved more efficiently through simpler and already available means.

""So that [through genetic testing] you will find things where that could just as well be tackled
through simple measures, such taking different fats or a bit more vitamins, or just having more frequent

blood pressure checks." (Participant 5)

“Measure in an objective way that it adds value, for the money, for the patient, for society, for

productivity, for labor savings." (Participant 2)
4.3.2 Personalized medicine challenges to traditional models of consent

One of the ethical issues discussed in the literature review was also touched upon by
interviewees’ concerns regarding consent. Consent in this case predominantly refers to whether
patients have explicitly agreed to specific uses of their data. The ethical issue here lies in the
risk of genetic data being used in ways the patient has not agreed to in advance or does not
agree with in general. Consent was discussed in two distinct ways, one relating to the consent
for being provided with specific kinds of information, and the other concerns the consent for
that data to be shared with others for purposes external to those directly related to the patient’s
care. Two sub themes regarding absence of consent are discussed separately.
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4.3.2.1 Consent in a dynamic and iterative process

Consent in relation to information provision concerns whether patients have provided proper
informed consent for being provided with medical findings obtained from their genetic profile.
Since the information obtained from the genome is broad it can be difficult to determine
whether it is responsible for the information to be shared, even if consent is provided in
advance. On the other hand, there are also cases in which both specific information and specific
consent are present, yet this information is still withheld from the patient.

“When you see how easily people send in a test or do whatever. We have a colleague who is in
the secondary findings committee, where if genetic information mutations emerge in the hospital that
are truly concerning, they really wonder, should we share this or not? Everyone has to do a kind of opt-
in to want to know, because otherwise, we have a moral problem. Should | break it or not, because you
don't want to know. The starting point is that if you do this, you are open to it, but there are still things
that are not told to you, if we know that there are few treatment options, and it only gives you a kind of
doomsday scenario." (Participant 8)

In other cases, with diagnostics developing rapidly, the relevance of certain information is
uncertain, which can be a reason to withhold this information from the patient. For example,

in the case of a VUS (variant of uncertain significance) this information could be withheld.

"If you can already see what you can find with NGS or WGS, you might find the diagnosis, but
you'll also find all sorts of other incidental findings. What do you do with those? How can you interpret
them?" (Participant 6)

Due to the nature of genomics based personalized healthcare, research and diagnostics is not a
snapshot but a dynamic on-going process. On the one hand, genetic data obtained from patients
can be employed for research, and the result from such research can be used to perform new
diagnostics on existing genetic profiles. Therefore, obtaining consent at a singular moment in
time is deemed to be insufficient. Rather, it is argued, as diagnostics is dynamic, consent should
be too. Dynamic consent can be especially hard to implement in cases where genetic data is

stored in a biobank and continuously re-used for new research.

"And | would like to add, a dynamic consent. So that you gave consent at the age of eighteen,
but that you are asked again at twenty, twenty-two, and maybe want to limit or expand it, or because

you've just had children, you want to temporarily pause it." (Participant 8)
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4.3.2.2 Value trade-off in informing relatives

A dominant sub-theme within consent concerns the family letter. This letter for relatives
(familiebrief in Dutch) is a letter that is provided to patients if, during the process of genetic
testing, there are findings which are of relevance to relatives. These letters come in varying
degrees of information disclosure, but all inform individuals that they might be at risk and urge
them to undertake action. The ethical issue here is whether either disclosing or withholding this
information would cause more harm, and there is a value-trade-off between beneficence and

confidentiality.

"The fact is that not informing people if you don't inform them can be more harmful. So, it's
ultimately always a trade-off between not causing harm and good medical practice.”" (Participant 8)

“Is there a good relationship with the family? Do you know if these people are willing to hear
this? Sometimes, people have been in the medical system for a long time without knowing what's wrong.
Well, you can help them, which is, of course, the good side. And yes, sometimes there are people who
don't want to know, but then you can say, well, we have a very general letter stating that there is
something in the family that is relevant. If they want to know more, they can contact us. You can address
it that way. But you can't decide for people that they don't want to know if you've never asked them."
(Participant 8)

Whilst healthcare workers a cognizant of the ethically sensitive nature of such disclosures, in
practice good medical practice is dominant in the trade-off between it and the risk of disclosing

information to an individual who had rather not received it.

"I also know that there are family letters where maybe the condition is not mentioned
yet. And people can find that information further down in the letter or it's presented in a certain
way. Then people can make a choice whether to read further. But it's not that the doctor informs
the patient but not the family members. Healthcare providers strongly recommend informing

family members. And people can also get help with that." (Participant 6)

4.3.2.3 Children’s right to an open future

Another ethical issue relating to consent is the disclosure of information to children and minors.
In both cases, whether consent is or isn’t provided by either the child or the parents, the
disclosure of this information is an ethical issue. Whilst medically actionable information is
generally disclosed, there are ethical issues with the disclosure of information regarding late-
onset conditions or conditions which are not medically actionable (for example, due to a lack
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of treatment options). The right of children and minors not to carry the burden of knowing such
information is referred to in the interviews as the right to an open future. The ethical issue here

is the trade-off between the right to know and the right to an open future.

"l don't think it serves a child well if you tell them at the age of nine that there's something they
can't do anything about later on. You can debate whether it's appropriate to confront a child at a young
age with a condition that starts late in life and can be managed. That's another ethical issue. On
average, | don't think a child benefits from that, and we shouldn't hide behind legal matters. A child
simply has a right to an open future, and as doctors, we must not harm that. ” (Participant 8)

“When there is a condition that can be somehow influenced during childhood, and the child
would benefit from knowing such information, we certainly do not interfere. In such cases, we are
practicing good medical care. However, in all other cases, we are essentially reassuring parents or

answering their questions. But it's not about the parents; it's about the child.” (Participant 8)
4.3.3 Fair treatment of individuals in personalized healthcare

Defining fair and equal treatment in the context of a form of medicine that is strongly tailored
to each individual is a nuanced endeavor. In this context, fair treatment does not entail treating
everybody the same, which would be incompatible with the personalized nature of personalized
healthcare. Rather, fairness in this context seems to be conceptualized as treating every
individual as equally worthy and valuable, and with equal respect. From this perspective,
personalized medicine can promote equality and fairness, for example in the context of
providing different individuals access to an equal quality of care through increased

personalization of that care.

"l believe the foremost principle should be that every person counts, that's a very important
starting point. Regardless of the condition or deviation one has, every individual is equally valuable
and important. It should be the case that when conducting large-scale testing, which is sometimes done
in certain population studies, you do it primarily to help and reassure individuals with just as much

value as anyone else, who may not have a deviation but could be affected.” (Participant 5)

The relevance of equality is also illustrated by the fears issued through the interviews that
personalized medicine would promote unequal treatment. There are, for example, fears that
equality of opportunity in daily life would be negatively impacted through reductionism or

genetic discrimination (discussed in detail in the literature review).
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“There is a risk if your entire genetic screening is like a business card in your wallet."”

(Participant 5)

One interviewee provided an illustration of how access to new types of information inevitably
affects the choices that humans make (in literature referred to as technological mediation of the
moral subject). In this case, access to this information promotes differential treatment of
embryos. Whilst in this specific case this might be defensible from an equal quality of life
perspective, the point this interviewee seems to make is that access to this information will

inevitably change society.

“With early ultrasounds, you can now see congenital abnormalities as early as 12 weeks into
a pregnancy. For instance, open spina bifida. Nowadays, hardly any children are born with open spina
bifida. [...] Somewhere, I do think we run the risk of this happening as people. That when we know
there are abnormalities (and nobody likes abnormalities, we want to be somewhere in the middle or be
healthy), life will take this course, knowing about it. | don't think we want to discriminate, but | believe
it happens anyway because it becomes part of our behavior and way of doing things." (Participant 5)

Until now fairness has been discussed in terms of equality of access and equality of
opportunity. One interviewee has provided two examples of other relevant conceptualizations
of fairness. The first relates to fairness in terms of how data from individuals is used. Is this
data used in accordance with the consent that has been provided, and is this data used to the
benefit of those that have provided the data? In the example below, data obtained from a
(marginalized) group of individuals is used outside of the provided consent and to the direct
detriment of that same group. In other cases, fairness relates to the distribution of benefits and
exploitation. The important question there is whether individuals are fairly compensated for

their contribution.

"There are just examples of how it went wrong. For instance, Native Americans, where in
diabetes research, their genetic data was examined without consent to trace their origins, ancestors,
and interconnections, undermining their heritage and story. In that sense, when you tell such a story,
everyone says, 'Oh, you really shouldn't." Just like Henrietta Lacks, her cell line, the HeLa cell line, she
was a Black woman who had cancer, she passed away, but her cancer cells are used in biomedical
research worldwide. And her family never received any compensation for that for a long time, yet
PubMed is full of articles about the HeLa cell line. These are examples where you can see, 'Is this fair?
What do you think about this? How should it be handled?' And if the conversation is conducted in this

way, you have a much clearer understanding of when it's acceptable and when it's not." (Participant 7)
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4.3.3 Risk of reductionism: Increased medicalization and discrimination through genetic data

Reductionism concerns the ways in which a focus on genetics in relation to health might affect
the ways in which humans view themselves and others and are viewed and treated by actors in
the healthcare sector. The fear is that an overemphasis on genetics in healthcare will reduce the
view of individuals or patients to just genetics, reducing the attention afforded to the many
other relevant factors. This overemphasis on genetics could lead to the medicalization of
conditions which are of minor relevance or could be attended to in other ways, such as through
lifestyle interventions. Reductionism could also lead to forms of genetic discrimination when
individuals are treated differently based on their genetic profile. These three, reductionism,
medicalization, and discrimination, are examples of mechanisms by which increased use of

genetics in healthcare could come to affect society.

For example, in cases of largescale data collection, there are fears that instead of being viewed
as patients, the view of individuals will be reduced to data repositories. At an even higher level,
there is the risk of a perception of genetic sequencing and data analysis as being self-evident
instead of a construct.

""So, the point is that it's also difficult because of that technological nature, is that these big
tech companies, it's always a commodity or how do you say it? So that also conflicts with whether 1 am
a patient or a consumer. And in the Dutch situation, we are even stricter in making that distinction. In
some situations, that distinction is not so strict at all. Then you are a consumer altogether. But if you
do that internationally, then you also must deal with healthcare systems, where you really ask some of
those questions, like, are we talking about technology R&D departments here, meant for consumers or

healthcare systems?" (Participant 7)

"It's proven that there is a genetic code that makes sense to work with. We can differentiate
with medicines and so on. But at the same time, if it becomes performative in the sense that we start
seeing people in a way that they are literally like a data reservoir, as if they are a source. Then it does
something to how you view and approach people, you forget for a moment that you were the one who

created the data and not the person who was the source.” (Participant 7)

There are also fears that increased use of genomics will lead to increased medicalization of

issues or conditions that can be remedied in simpler ways.

"So that you will discover things where, with some simple measures, like taking different fats
or consuming more vitamins, or just having more regular blood pressure checks, you can also prevent

things for that person and improve their life at this point of health.” (Participant 5)
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There are also fears that this reductionism would not be limited to individuals in relation to the
healthcare system but could also affect how individuals would view each other, and even lead
to forms of genetic discrimination in society. One striking hypothetical, described by the
interviewees themselves as an extreme case, is the effect an emphasis on predictive genetics in
healthcare could have on the ways in which humans approach partner selection and procreation,
or affect people when trying to obtain a specific job or insurance (which is already the case

regarding some forms of insurance).

“If we know from the outset that you have this gene or that gene, are we moving towards a
world where you indicate on dating sites whether or not you have a particular gene? Because otherwise,
I don't want a relationship with you, as it's unfavorable for procreation, to put it bluntly. That's the
extreme case, but there is a risk if your entire genetic screening is like a business card in your wallet."
(Participant 5)

"The child will turn 18 someday and might want to start their own business (insurance is
generally manageable), but in any case, they should be able to face the world with an open perspective.
So, if you want to record something genetically, you could, for example, say that we'll put a lock on all
those late-onset diseases.” (Participant 8)

The fear here is that once genetics becomes a regular part of healthcare, a form of scope creep
would cause its applications to extend to progressively more parts of society. The ethical issue
here is to what extent is deemed moral to discriminate towards others based on their genetic

profile, and to what extent this can be prevented from taking place.

"When we know there are deviations, and nobody likes deviations, we want to be somewhere in
the middle, be normal and be healthy. Knowing [about deviations in others through genetic data] will
shape our lives. | don't think we want to discriminate, but I believe it just happens because it becomes

ingrained in our behavior, in the way we act." (Participant 8)
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4.4 Human Engagement and Responses in Genomic Healthcare

Figure 5 presents a sub-section of the thematic map pertaining specifically to themes relating

to human engagement and responses in relation to a system of genomic healthcare.
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Figure 5 Thematic map of themes and sub-themes relating to human engagement and responses

4.4.1 The role of behavior in genetic healthcare

One of the subjects of interest to the research concerns the behaviors exhibited by patients and
relatives in relation to the process of genetic testing in healthcare. Based on the contributions
of healthcare professionals and other experts, several relevant aspects of the interplay between
personalized medicine and human behavior have been identified. From the interviews, four

sub-themes relating to different aspects of behavior have been identified.

4.4.1.1 Individual willingness to engage in genetic data sharing.

An important sub-theme is the data sharing behaviors of individuals with regards to genetic
data. Interviewees generally observed a positive attitude towards data sharing out of solidarity
motives, as long as preconditions such as privacy are guaranteed. Inclination to share is
influenced by the fact that individuals can have significant intrinsic motivation to share when
this could result in significant positives outcomes for the individual. This is especially the case
when sharing genetic information for diagnosis or treatment of health conditions (weather with
healthcare professional or commercial parties), where the potential personal benefit is evident.
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Additionally, individuals might engage in sharing behaviors if this is experienced as the only

way of reaching another personal goal.

"Yes, it's, of course, about bodies and health, life and death, and so on. That's why everyone is

so inclined to share in those areas.” (Participant 7)

"Those people were indeed aware that these companies in America could use their data for
research, and the data could also be used by others. But it was the only way for them to find out who
their father was and if they had other family members, so they accepted that risk or disadvantage."
(Participant 8)

Another type of sharing behavior is consenting to uses of personal information beyond the
scope of diagnosis and treatment, such as for research and development. Individuals can be

motivated to consent to data sharing out of solidarity motives.

"One of the things that you could consider as an example is the idea of data solidarity, which
you might call a value." "I think what a large part of the people want is for their own data and their
bodily materials to be used to improve healthcare for their children and grandchildren. That's often

what you hear. And an even larger part is fine with it happening in that way." (Participant 1)

"There are so many people, really so many people here, who come into our consultation rooms
and say, 'You know, | have nothing left to gain from this, but hopefully, at least, science or someone

else can benefit from it." I'm sure that sentiment is very widely shared, yes." (Participant 8)

"They could choose whether or not to give permission for their research material, the remaining
blood, to be used for further research. So, people are willing to do this anonymously because it's not

traceable to the individual.”" (Participant 6)
4.4.1.2 Genetic information as a driver for health-associated behavioral change

One of the behavioral themes addressed consistently is that of health directed behaviors. One
of the promises of personalized medicine is that individuals could employ the insights of their
genetic profile to engage in tailored lifestyle changes that would positively impact their long-
term health. Interviewees warn that the link between both availability of information and

options for lifestyle change and actual behavioral change is complex.

It should be noted that, as discussed in detail in the friction sub-heme of essentiality and
proportionality, it is broadly argued amongst interviewees that there are plenty of general
lifestyle changes available that could positively impact individual health without requiring any
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form of genetic diagnostics. This leads interviewees to argue that the availability of options

and information is not necessarily a strong driver of behavioral change.

"You see, there are large warnings on cigarette packages, ‘'smoking is deadly," and yet they are
still sold. So, it's addictive, it's easy, it's... Knowing a risk profile, well, if someone is overweight, they
can see for themselves that they are overweight, and they probably know they have a high risk for this,

this, and this. But it's not an immediate reason to change their behavior.” (Participant 5)

Others recognize that some people do intent to change their behavior after receiving
information from genetic testing, but also highlight the flipside of people assuming unhealthy

behaviors will not have negative health effects when their genetic profile puts them at low risk.

"l think that a diagnosis, in some cases, can make people more aware. You do see that
sometimes when people receive a particular diagnosis, in this case, through DNA diagnostics, that they
might be at risk for an inherited disease, they do start thinking, 'Okay, by adjusting my lifestyle, living
healthily, and being more active, | can prevent certain things.' You do notice that. However, it's also
true that when people are told they won't get the inherited disease, they might start living very
unhealthily because they believe they won't get it anyway. Even though this might increase their chances

of developing other conditions, so that's in play as well." (Participant 6)
4.4.1.3 Genetic information as a driver for follow-up behaviors in affected relatives

The nature of genetic profiling is such that findings may not only pertain to the tested individual
but might also reveal risk factors that apply to relatives. One aspect of health-related behavior
with regards to genetic testing is the follow-up behavior exhibited by individuals when

informed that they might be at risk via relatives.

As discussed in more detail with regards to ethics, patients with findings that are deemed to be
relevant for family members are provided with a family letter which they are encouraged to
provide to their relatives. Interviewees indicate however that follow up of those family letters
is low. One of the proposed reasons for this is that people are afraid of the implications of
genetic testing. The implications mentioned are not foremost health related but relate to

financial concerns and information provision.

"We do hear that as well because few family members of someone with a hereditary disease,
come back to clinical genetics. So, that's one thing. But yes, people might also think that they might not

be able to get insurance anymore. [...] This does have consequences at times." (Participant 6)
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"No, [reasons for low follow up] being researched right now, but I think it's often because the
information might be quite complicated. Those are more barriers where the information might be too
complex. | have to go back to the doctor, and if | get a referral, it immediately costs 500 euros, an
appointment with clinical genetics deducts 500 euros from my own contribution; these are all barriers.
I think it's more at that level than how people live, that would prevent them from going. So, I think it's

more at that level." (Participant 6)

"But of course, there are always some people who don't come, and if they don't come because
they don't want to know, that's fine, as long as they make an informed choice. Or do they not come
because they don't understand, are our letters not clear enough? | think there is something to be gained

there." (Participant 8)
4.4.1.4 Social determinants of public health

One of the factors which affect health directed behaviors is the way in which individuals
prioritize different values. Individuals attitude towards and willingness to engage with
personalized healthcare is affected by what is valued and which of those values dominate in
different circumstances. This might affect whether individuals choose to engage with
personalized healthcare, and if they do, subsequently affect the ways in which individuals

engage with personalized healthcare.

"I think there's also a difference between a healthy citizen and someone who is critically ill. If
you get off the train at Nijmegen station and are asked about medical tech and such, or whether we
should do this, you might think, 'That's interesting, | wonder what will come out of it, innovation. Give
me that watch!" I'm also curious about what will come out of my sequencing, and you might chuckle
about whether I'm a Neanderthal or not. [...] But at the same time, when you are really ill and
vulnerable, those things quickly become less important. It comes down to very basic, essential things.
Is there someone to open the door for me? Am I not alone? Will I make it through tomorrow, and so

on." (Participant 7)

“I know someone who says, 'I'm more concerned about privacy and such matters than the future of

medicine." And that's okay; it can go that way too.” (Participant 1)

It is suggested that also an individual’s broader personal situation at a specific point in time
affects the extent to which they are willing and ability to engage in health directed behaviors.
Although one aspect of this is value priority in the strict sense, in other cases individuals can

feel required to prioritize based on practical necessity.
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"And that's where the friction lies, | think. We're all consumers, citizens, and patients, but
thankfully, we're not patients for a significant part of our lives. [...] It's not so much that we have
conflicting values, but that we prioritize them differently. So, our top 1, 2, 3 values vary. We have both
sets of values within ourselves in all their variations, but the most important ones, the ones that rise to
the top, depend on your life situation. Are you working? Do you have a job or not? Are you sick? Are

you healthy? Are you rich? Are you poor?" (Participant 7)

Especially when to comes to preventative genetic testing, there is likely to be a significant
portion of the population who are preoccupied with other tasks to the extent that they will

refrain from engaging with personalized healthcare.

"That can be quite tricky because people often have other issues that are far more important to
them than their health. They may be more concerned about figuring out how to have enough to eat until
the end of the month, or if they can afford their rent. People are often preoccupied with survival rather

than contemplating whether they should undergo a genetic test or not." (Participant 6)
4.4.2 Limited genomic literacy as a barrier to engaging with genomics-based healthcare.

Genomic literacy (as an extension of health literacy) refers to the ability of an individual to
obtain, understand, and subsequently employ genomic information to make informed health-
related decisions. Genomic literacy is one of the factors influencing to what extent individuals
can benefit from genomics-based healthcare and influences both psychological state and
behavior. Genomic literacy influences informed decision making at the individual level, but

also influences the capacity to for an informed debate on a societal level.

Interviewees point to low genomic literacy as a problem for a transition to personalized
healthcare. As discussed in relation to the friction theme of inadequate cooperation, involving
citizens in the decision-making process surrounding personalized medicines in a manner that
affords them actual and fair representation can be challenging when genomic literacy in society
is low. In addition, during genetic care, low genetic literacy can make it challenging for care

givers to communicate relevant information in ways that benefit the patient.

"People [...] often they don't fully comprehend the consequences, or they haven't thought about
it yet. You need to teach people more genetic skills so they can handle it. Offering it is one thing, but if
no one understands it, what's the point? You must be able to explain clearly what individuals or society
can gain from it. This also expects and requires that people have certain skills in genetics, and that can

be quite complex." (Participant 6)
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"So, you have a genetic risk profile, and whether you get sick or not, that, of course, involves
many more variants. So, if you want to do this, we're dealing with a large group of people with limited
health literacy who don't understand any of this. Even a highly educated person finds it challenging to
follow. What do they need this knowledge for?" (Participant 8)

The low genetic literacy in society is contrasted with the increasing availability of options for
genetic testing without professional supervision and counseling. In cases of DTC testing
individuals can be provided with a large amount of information they might struggle to interpret.

"Occasionally, people come to the outpatient clinic saying, 'I've done [DTC testing], | got this,
can you interpret it for me?' It doesn't happen often, but it does occur.” (Participant 8)

4.4.3 Patient reactions towards genetic testing

One of the subjects of interest to the research concerns the cognitive process of patients as it
relates to their engagement with genetic testing or personalized care. As individual patients are
not part of the sample, psychological state and cognitive process cannot be inferred. Rather,
this section will focus on the reactions of, and concerns expressed by, patients and their
relatives during the full process of genetic testing, as indicated by the participating experts.
Especially the contribution of the experts in the area of genetic counseling, and in the area of
patient information provision relating to genetic testing in healthcare, are highly relevant to
this theme. The following section will provide an overview of the different themes that can be

characterized in the patient reactions indicated by the experts.

4.4.3.1 Desirability of knowing versus remaining ignorant

Before the process of genetic testing, patients will have to make an individual decision as to
whether or not to undergo testing. This requires patients to decide whether or not they want to
know their genetic predispositions or not. One of the factors considered in this is to what extent

patients perceive that there is something to be gained.

"So, it's always finding that balance between do you really want to know this, will it truly yield

you something with respect to prevention.” (Participant 5)

Although obtaining certainty can be a strong motive for patients to undergo genetic testing,
other times personal convictions make patients not want to know such results. The emotions
and concerns experienced with regards to one’s health vary between individuals, and some

might prioritize other considerations over the potential benefit of genetic testing.
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"There will be people who may choose to undergo testing because they simply want certainty,
but, of course, there are also people who may not want to do that because they take life as it comes, or
they deal with it in a certain way based on religious or philosophical beliefs. " (Participant 6)

4.4.3.2 Patient concerns about their future health and life

Even before any tests have been administered, engaging with genetic testing can induce
concerns in patients of what the results will indicate about their future, and subsequent
ramifications of the results for their life. Such concerns extend beyond health-related effects to
concerns about implications for other aspects of life. Concerns about broader ramifications play
a role even before the process of genetic testing or genetic counseling. Patients might develop
concerns about the implications of genetic testing on the basis of information received from

other care givers, possibly influencing their decision to even engage with genetic care.

"People can naturally have fears and uncertainties about whether or not to test, what their
future will look like." (Participant 6)

"There are still patients who don't come here because their general practitioner has said that

they won't be able to get insurance anymore." (Participant 8)

It is indicated that after return of results, concerns about implications are often secondary to
the experienced concerns about risk and heredity. Furthermore, it is indicated that patients that
know they are at increased risk for a certain condition can experience an enduring fear for when

this condition will manifest.

"From my experience, people initially want to know if it's hereditary, do they have a chance,
and then later, if they may already have a diagnosis or are waiting for the results, they have more

guestions about what it means for them." (Participant 6)

"It also induces a lot of fear at the same time because you then know from a young age that you
have that gene. And you carry it with you all the time; otherwise, you might have had a carefree life

until a breast cancer diagnosis, to put it that way." (Participant 5)

Concerns about non-health related ramifications on life often concern fears of a reduction in
opportunities, for example with regards to obtaining specific forms of insurance. Privacy
concerns were mentioned not as a stand-alone concern, but rather in relation to fears of

implications when privacy might be insufficiently guaranteed.

"People also have questions about insurance. We often receive inquiries about whether they

can take out life insurance or disability insurance, which is often still possible.” (Participant 6)
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4.4.3.3 Differentiating between primary and secondary concerns

Genetic testing can induce a range of concerns in a patient. It is indicated that a patient’s
information seeking is often initially focused on understanding the health risks for them and
their relatives implied by the results, or the specific condition they face. It is later in the process
that information seeking shifts focus to expectations for the future.

"My experience is that people primarily want to know their risk of developing the disease. It's
challenging for them to understand that they have a certain risk of the disease, and they often feel
uncertain about whether they have it or not. [ ...] As people receive the diagnosis or progress further in
the process, they have more questions about how it will affect their life, their children, and what to
expect in the future.” (Participant 6)

4.4.3.4 Concerns and feelings of responsibility for passing on a condition

Similar to how patients are focused on understanding their own condition and risk, their
reaction includes trying to understand which risks they might have passed on to their children.
Although there is a mix of emotions involved, there seems to be both a component of worry

for the other person as well as a feeling of responsibility or guilt.

"In general, when you've just received a diagnosis, there's a mix of emotions - panic, grief,
anger. It’s a part of me, but now I might have passed it on to my children as well. So, there are various
emotions at play, and you need to find a way to channel them. We also involve psychologists, of course;

there are well-established care pathways for that." (Participant 8)

"So people wonder whether they will get the disease or not, and whether they might also pass

the disease on to their children or to their future children, to their descendants." (Participant 6)
4.4.3.5 Finding comfort and relief in through certainty from genetic testing results

When choosing to engage with genetic testing, patients might find comfort and relief in the
results. Relief can be experienced when it is found an individual is not at risk for a certain
condition. However, in addition, information that does indicate (increased risk of) a condition
can also provide comfort, by relieving the uncertainty associated with ignorance.

"When people undergo DNA testing and they have a genetic predisposition, it can provide a
sense of relief or a feeling of at least knowing what to expect for some individuals. However, for other
people, it can also cause a lot of concerns. But, well, if you at least know what it is, it provides a kind
of certainty. Sometimes, especially when a diagnosis couldn't be made for a long time, DNA testing can

suddenly provide a diagnosis, for instance in the case of a child with developmental delays. It can give
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the parents a sense of certainty. It doesn't mean an instant cure, but at least it gives a name to the
condition." (Participant 6)

Results from genetic testing can however also inspire a false sense of security. Whilst health
directed behaviors are not a significant theme in patients’ reactions, patients can obtain comfort

from testing results to the extent that they inspire unhealthy behaviors.

"Oh, I don't have any of this, no risk at all, so I'll just keep snacking, I'll stay sedentary, I'll keep
smoking because | don't have that risk profile. Well, that's not a good approach, is it?" (Participant 5)

"But it's also true that when people find out they won't get the genetic disease, they might start

living very unhealthy lives because they think they won't get the disease.” (Participant 6)
4.4.3.6 Concerns regarding the availability of treatment options

One of the strong and specific initial reactions when receiving the results of genetic testing is
information seeking with regards to treatment options or other ways of mitigating the onset of
the condition. This reaction seems to relate to medical interventions, as opposed to behavioral

changes.

"Other questions revolve around whether, if | do get the disease, if | have the genetic
predisposition to the disease and | develop symptoms, is there anything that can be done? Or if | know
in an early stage that | have the genetic predisposition, are there any screenings available, or can |
undergo surgery to prevent symptoms from occurring, or can | ensure that it is detected in the earliest

possible stage?" (Participant 6)
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5. Discussion

This project concerns an exploratory study into the transition to a genomics-integrated
healthcare system in The Netherlands and the relevant aspects of human behavior with regards
to genomics-integrated healthcare. With regards to the transition, the study aims to characterize
frictions present between stakeholders in the innovation ecosystem that might pose barriers to
the transition to a genomics-integrated healthcare system. In the examination of friction, values
and potential ethical issues arising from trade-offs between them are explicitly considered.
With regards to human behavior, the study aims to characterize the engagement and responses
of patients and relatives associated with genomics-integrated healthcare. Based on the goals of
this exploratory study, two research questions have been formulated.

RQ1: Which (value-) frictions exist within or between different stakeholders, and what are
the obstacles they pose for the implementation of personalized healthcare?

RQ2: What are the reactions and behaviors exhibited by patients and relatives in relation to
the process of genetic testing in healthcare, and which factors have influenced them?

As the transition towards a genomics-integrated healthcare system is a novel and evolving
phenomenon, the availability of studies on this topic is limited. Although reports are available
on the developments and progress of individual parties and stakeholders, a holistic
characterization across interdependent stakeholders is currently lacking. Through an
exploratory study using an ecosystems approach, employing the empirical method of expert

interviews with ecosystem participants, this project aims to provide such a characterization.

5.1 Summary of results

Thematic analysis of the empirical data resulted in the generation of themes and sub-themes
relating to the research question. The following section will provide a concise summary of the

main findings for each of the overarching themes.
Stakeholder
Friction

Instrumental

Ethical Issues

Barriers

Figure 6 The four overarching themes identified in the data
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A multitude of loci at which friction occurs in the ecosystem have been identified. These can
be divided into two kinds of friction. The first is predominantly value-based friction (but
includes some process, operational, relational and regulatory friction), in which diverging
values, value-priorities, or interests result in friction between interdependent stakeholders.
Lacking homologation of appropriate standards of evidence for personalized medicines is a
challenge to their incorporation into healthcare. Particular interests and responsibilities in data
sharing causes friction as stakeholders struggle to reconcile their interest in data-exchange with
their interests or responsibilities with regards to shielding that data. Furthermore, there is
friction in attempts to reconcile stakeholder specific interests, such as commercial or academic
interests, with the broader interests of public health. Financial considerations cause friction as
some stakeholders aim to maximize treatment efficacy on an individual level whilst others are
tasked with maximizing collective public health impact. Another locus of friction concerns the
essentiality of genomic data in realizing improved public health outcomes, and concerns with
regards to the proportionality of the resources required in relation to the outcomes realized.
Establishing trust amongst stakeholders is essential for facilitating collaboration and furthering
the innovation process yet is particularly difficult to establish in the early phases of the
innovation lifecycle. Friction is also observed with regards to defining privacy and the potential
for conflicting notions to hamper collaboration between stakeholders. Friction is present
concerning conservative versus progressive policy, and concerning what policy framework

would be fit to deal with the unique characteristics of a personalized healthcare system.

The second kind of friction is more practical in nature, and concerns loci of instrumental,
organizational, and regulatory friction without the presence of significant value conflict. These
are referred to as instrumental barriers. Inadequate cooperation between stakeholders poses a
challenge to overcoming knowledge and skill fragmentation, and correspondingly hampers
synergistic value creation. Inadequate infrastructure and standards for data-exchange make it
such that data, whilst present in the ecosystem, cannot be effectively employed by stakeholders
to meet the challenges they face. Inadequate interoperability of activities and artefacts poses a
barrier to the effective implementation of personalized medicine and disrupts the circular
manner in which the system of personalized care is supposed to operate. The lack of a clear
and comprehensive legal framework for genomics-based personalized care creates uncertainty
and increases risk for stakeholders, whilst other parties might employ existing legal ambiguity
to subvert policies generally deemed applicable. In addition to lacking unified frameworks and

infrastructure, issues are raised with regard to the extent to which the workforce across the
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healthcare sector would be able to meet the additional requirements placed on it by a transition

to a genomics-integrated healthcare system.

In addition to value friction, based on other observed value trade-offs, the ethical issues
associated with a transition to a genomics integrated healthcare system can be characterized.
Ethical issues surrounding accessibility relate to both trade-offs in the distribution of healthcare
resources between personalized and general care, and equitable access to personalized
healthcare between individuals with different socio-economic backgrounds. The issue of
beneficence highlights that personalized healthcare efforts cannot simply be assumed to be an
effective way of benefiting patients overall, nor can they be expected to be an efficient way to
create such benefits. Ethical issues also arise in the challenges posed by personalized medicine
to traditional models of consent. Firstly, traditional models of consent are ill equipped to deal
with the dynamic and iterative nature of genomics-integrated personalized care. Second, the
nature of genetic data gives rise to situations in which decisions have to be made for individuals
that have not been able to provide consent. With regards to fairness, whilst personalized care
by definition involves unequal treatment of individuals, access to an equal quality of care can
be promoted through increased personalization of that care. Fair distribution of benefits
between individuals is also cited as an ethical issue, especially when such benefits are obtained
through the contributions of said individuals. Lastly, ethical issues surrounding fears of
reductionism relate to how, through increased medicalization and the potential for genetic
discrimination, increased use of genetic data would come to affect society.

Based on the contributions of healthcare professionals, several relevant aspects of the interplay
between personalized medicine and human behavior have been identified. In addition to
attaining personal benefit, solidarity motives are indicated as influencing individuals’
willingness to engage in genetic data sharing behaviors. Participants perceived a general
positive attitude towards data sharing amongst their patients as long as preconditions such as
privacy are guaranteed. Both the availability of genetic information as well as availability of
options for health-directed behaviors, however, are not perceived as strong drivers of positive
health-directed lifestyle changes in individuals. Similarly, providing at-risk relatives with
information about genetic testing is not perceived to be strongly associated with follow-up
behaviors. Rather, as the experts note, individuals’ willingness and ability to engage with health
directed behaviors is affected by what they prioritize at a specific point in time, contingent

upon socio-economic determinants. A related factor is the fact that low genetic literacy in
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society influences both the extent to which individuals can engage with personalized care and

participate in a societal debate regarding the issues surrounding personalized care.

Another valuable aspect of human behavior characterized through the contributions of
healthcare professionals are the reactions displayed by patients throughout the process of
genetic testing. Not all patients can be expected to be open to engaging with genetic testing,
some might prioritize other (philosophical or religious) considerations over the potential
benefits of genetic testing. Genetic testing often induces concerns in patients about the future.
These extend beyond health-related effects to ramifications for other aspects of life, such as
fears of a reduction in opportunities. Such fears are, however, indicated as being secondary to
concerns about the health risks faced by oneself and one’s relatives. Concerns about the
implications of having passed on a condition to their children might consist of both a
component of worry for the other person as well as a feeling of responsibility or guilt. Whether
results are positive or negative, return of result can also provide some comfort to patients by
resolving uncertainty associated with ignorance. It is warned however that some patients might
obtain comfort from testing results to the extent that they inspire unhealthy behaviors. One very
specific initial reaction indicated is information seeking with regards to treatment options or

other ways of mitigating the onset of a detected condition.

5.2 Interpretation of results

The results obtained are extensive and diverse and so far, have been presented as organized
into four overarching themes and a multitude of sub-themes. There is however significant
commonality between different themes, that is deemed associated with several common issues.
The current section will discuss and interpret the results on the basis of four key insights. These
insights bring together distinct themes that, when taken together, represent a common issue

with regards to the transition to a genomics-integrated healthcare system.

Insight 1: Genetic data from WGS in a genomics-integrated healthcare system is
not expected to be a strong driver of behavioral change, nor is a focus on genetics deemed

to be the most appropriate means to the end of improving public health.

One of the most valuable insights obtained is that genetic data is not expected to be a strong
driver of health-directed behavioral change. One of the promises of a genomics-integrated
healthcare system is that it would enable patients to exert increased control over their (long-
term) health through the provision of information that would enable targeted health-directed

98



behavioral change. Healthcare professionals, however, argue that there are plenty of options
for evidence-based health-directed behaviors available, yet these options are not broadly
exploited by the public. Such options include widely known beneficial behaviors, such as
dietary changes or ceasing the consumption of alcohol and tobacco products.
Recommendations could even be personalized based on easily obtainable diagnostic
information (such as BMI, heart rate, and blood pressure). Nevertheless, such healthy behaviors
are not adopted across society. They also indicate that even in cases of provision of specific
genetic information and the explicit recommendation to act upon that information, such as in
the case of the family letter, follow-up behavior by relatives is low. This is consistent with
earlier findings by Hodgson & Gaff (2013). Failure to engage in health-directed behaviors
cannot simply be attributed to a lack of willingness to engage in such behaviors, but also to
other factors. This mirrors observations made with regards to the value-action gap, relating to
individual’s environmentally conscious consumer behavior (Gupta & Ogden, 2006; Farjam et
al., 2019), and relation to individuals’ intentions and actions in relation to personal privacy
(Kokolakis, 2017; Gerber et al., 2018). Commonality between these cases is that a positive
attitude towards certain behaviors is not the determining factor in whether an individual will
engage in such behaviors. Factors such as social and economic determinants are argued to have
a much stronger effect on health directed behaviors than information provision, e.g. one of the

proposed reasons for low follow up on family letters is the costs associated with genetic testing.

The strong influence of social and economic determinants on health-directed behaviors might
be related to the construal-levels at which processing of health-related information takes place.
The amount of psychological distance that is experienced in relation to an issue influences
perception and judgement (Trope et al., 2007). Causality between genetic makeup and health
is generally not part of an individual’s lived experience. Genomics’ microscopic scale and
complex, uncertain, indirect, and interactive effects are all conducive to increased
psychological distance for genomic information. Difficulty in relating to potential future
adverse health effects might also increase the perceived psychological distance, leading to
processing on a higher level more concerned with abstraction and meaning. Personal
circumstances, such as children, professional responsibilities, and ensuring sustenance and
housing, are much more likely to be represented at lower construal levels, and representations
are therefore more concerned with actionable or goal-directed details (Wakslak et al., 2006).

This could be an explanation for how social and economic determinants might lead individuals
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to prioritize other actions over health-directed behaviors. More appropriate methods of

behavioral research should be employed to explore such dynamics.

The influence of these determinants is also associated with a potential increase in inequality.
The individuals most likely to be in a position to capitalize on the opportunities afforded by
personalized care are argued to be those for which other preconditions for a healthy life are
comfortably met, and thus health directed behavioral change is expected to provide only
marginal improvements. Similarly, those that could benefit the most might be forced to
prioritize other actions. In addition, there are significant individual difference in genomic or
health literacy, and the resources individuals are able to expend to inform themselves, meaning
that engaging with healthcare resources can be much more difficult for some than for others.
These findings confirm concerns voiced by Zimani et al. (2021) for the need to keep target
groups adequately informed, in order to ensure their ability to access this new generation of
healthcare. Patient reactions to genetic testing show that, although health related concerns are
still primary, individuals are very much aware of the non-health related ramifications genetic
testing results can have on their life, worrying about insurance and job security.

The link between availability of information and options and actual behavior is complex. It is
deemed unlikely by most interviewed experts that investments into widespread genetic
screening will elicit health directed behavioral change without considering the other factors
that influence an individual’s ability to engage in such behaviors. Based on these observations,
the essentiality and proportionality of investments in widespread and broad genetic screen as a
means to promote public health is questionable. Rather, experts argue, it is much more fruitful
to engage in research and initiatives to promote public health through the facilitation of known,

evidence-based, and easily accessible lifestyle changes.

Insight 2: The innovation ecosystem concerned with the transition to a genomics-
integrated healthcare system in The Netherlands experiences significant friction

between stakeholders.

Results indicate several loci of significant value-friction between stakeholders in the innovation
ecosystem. One important source of value friction is found in insufficient reconciliation
between personalized medicine and collective approaches to public health. Stakeholders have
diverging views regarding the most appropriate way to approach healthcare, and the most
appropriate distribution of resources between general and personalized healthcare initiatives.

Whilst some stakeholders point to the potential benefits of personalized care, others emphasize
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the potential harm caused by diverting resources away from collective approaches. The latter
views mirror the concerns voiced by Clarke (2014b) on how to focus on the individual genetic
basis of disease diverts attention away from public health measures. An emphasis on genetics
with regards to health is in line with the traditional medical model but is at odds with
contemporary biopsychosocial approaches to public health, which emphasize the influence of
a wide range of individual, socioeconomic, and environmental contextual factors on individual
and collective health. Solutions to such clear value-conflict must be sought in debate and
compromise with regards to balancing individual and collective needs.

Another related cause of friction is the insufficient homologation of appropriate standards of
evidence. Traditional standards of evidence based on collectivity are not well suited to evaluate
personalized interventions, and thus delay or prevent the integration of personalized
interventions into healthcare. A major challenge for stakeholders is thus to balance stakeholder

specific interests with the broader need to maintain a strong public health system.

Although all stakeholders recognize the need to engage in data exchange in order to realize
synergistic value creation at the ecosystem level, there is significant value friction with regards
to the sharing of data. This friction is caused by the diverging interests and responsibilities
stakeholders have with regard to their data. Misalignment of goals between collaborating
stakeholders is a strong source of friction in the cooperation. Another cause of friction is a
perceived insufficient proportionality of reciprocity in relation to the interests’ stakeholders
have in keeping their data shielded. This is consistent with findings that awareness of the value
of their data leads stakeholders to engage in data shielding (Ormond & Cho, 2014). Although
not indicated in the data, this could be related to biases that lead stakeholders to overestimate
the value of their contribution and underestimate the value of other’s (Tversky & Kahneman,
1974). Results show that aversion to data sharing is related to a lack of sense of control when
engaging in data exchange, amplified by the lack of safeguards (and trust between
stakeholders) in these early stages of ecosystem development. This trust is often based on fears
of a lack of commitment from other stakeholders. Data sharing comes with a certain
expectation of stewardship, and stakeholders want assurances against data being used in ways
deemed undesirable by the sharing party, or parties suddenly abandoning a collaborative effort.
Possible solutions to this value-friction can be sought in collaborative agreements between

stakeholders, and frameworks for data governance with mechanisms for accountability.
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Whilst privacy is recognized as an important value for genomic-integrated healthcare, no
consensus is present amongst ecosystem participants in defining the relevant aspects of privacy,
and what the subsequent implications for the design of the system are. Some deem issues of
privacy to be the responsibility of regulators and have not formulated requirements about this
themselves. Whilst aspects of personalized medicine are framed as detrimental to personal
privacy, it is promising that ensuring control, and focusing on solidarity and common interests,
might be a way to reconcile between privacy and other system requirements. Solutions to this
value conflict must be sought in debate and compromise between stakeholders.

Another source of friction is found in the policies that govern the actions of stakeholder
participants. Whilst the importance of diligence in a transition to a genomics-integrated
healthcare system is recognized, overly precautious policies are deemed by some stakeholders
to unnecessarily delay innovation. In addition, stakeholders feel constrained by policies that
are unfit to deal with the circular dynamics of a personalized healthcare system. This new
dynamic implies the blending of healthcare with research and development and requires new
modes of cooperation between stakeholders to be enabled. In establishing such new modes,
hospitals, academia, and pharmaceutical companies experience friction with regards to the
division of roles and responsibilities. Consistent with literature, there is a strong need for
coordination in order to ensure ecosystem success (e.g. Ginsburg, 2014). The need for adequate
and comprehensive governance frameworks is recognized in the European and Dutch
initiatives (European Commission, 2018; Nationaal Groeifonds, 2021). Nevertheless,
stakeholders still feel insufficiently empowered by whatever progress has been made with
regards to policy frameworks. Whilst regulatory reform might be a way to resolve the
regulatory friction that is experienced, debate and compromise is needed to resolve the value-

based friction and to align stakeholders with regards to new modes of cooperation.

Insight 3: The transition to a genomics-integrated healthcare system in The
Netherlands experiences instrumental barriers as general preconditions for effective

ecosystem operations are insufficiently met.

Many of the general preconditions for effective innovation ecosystems are insufficiently met.
Stakeholders experience inadequate cooperation and synergistic value creation in the
ecosystem, signal too much fragmentation of knowledge and expertise, and point to insufficient
technology transfer between academia and industry. These barriers are consistent with those

identified in a European context by Horgan et al. (2017). In addition, a barrier is posed by
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inadequate infrastructure and standardization for data-exchange. This leads to stakeholders not
being able to access or employ relevant data required for innovation. EU and Dutch initiatives
explicitly aimed to overcome these barriers, emphasizing facilitation of collaboration between
stakeholders and the creation of unified infrastructure and governance frameworks (European
Commission, 2018; Nationaal Groeifonds, 2021). These barriers are yet insufficiently
addressed. In addition, stakeholders indicate that, especially with regards to the creation of
unified and standardized data infrastructure, ambiguity remains as to who exactly will take
responsibility for this, and who will bear the financial costs. In addition to the lack of
standardization of data, insufficient coordination between stakeholders leads to inadequate
interoperability between activities and artifacts throughout the system. This system’s failure
poses a barrier to capturing value at the aggregate level, consistent with expectations based on
the ecosystems approach (Granstrand & Holgersson, 2020). These instrumental and operational
frictions can be solved through effective collaboration between stakeholders, although the
ecosystem might benefit from a stronger presence of coordinating actors, which can take a

leading role in standard setting and the defragmentation of expertise.

Another cited barrier to ecosystem success is the lack of a comprehensive, clear, and fit-for-
purpose legal framework for personalized healthcare. As the current framework is
insufficiently suited to this new generation of healthcare, the need for a more consistent and
comprehensive policy and regulatory framework has been voiced repeatedly (ESPON, 2019).
Lack of clear policy results in increased risk and uncertainty for stakeholders and enables some
parties to act in ways deemed undesirable by regulators. As this is yet insufficient address, the
implications of the barrier posed by this only increase. Whilst recognizing the potential of
personalized medicines, the governmental agencies tasked with regulating them are bound by
insufficiently applicable standards of evidence. Whilst there is a multitude of DTC services
employing legal ambiguity to provide services to Dutch consumers, healthcare professionals
are still not allowed to perform genetic testing inside the Netherlands without indication. There
is a role for regulatory bodies in resolving this regulatory friction, by ensuring the presence of
adequate and clear legal, policy, and regulatory frameworks.

Results suggest that the healthcare labor force will have insufficient capacity to meet the
demands placed on them by increased scale of genetic testing, as well as the additional
requirements placed on healthcare professionals through datafication. The latter relates to the

importance of generating and exchanging data, for example, through the standardization and
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expansion of data registry protocols to ensure compatibility throughout the system. These
issues mirror the issues identified previously with regards to the challenge posed by a
disorganized state of data systems in establishing a learning healthcare system (McGinnis,
2009; Kierkegaard, 2011). However, whilst not fundamentally different from infrastructure for
the registry and exchange of other health data, the volume and complexity of genomic data in
a genomics-integrated healthcare system can be expected to pose an even greater challenge to

the integration and implementation of this data throughout healthcare (Chute & Kohane, 2013).

Additional labor force challenges result from the increased demand for genetic counseling
resources associated with the widespread integration of genetic testing into healthcare. Such
resources are necessary for the effective integration of genetic testing, but since current
availability is already deemed insufficient, it is unlikely that a decent standard of care can be
maintained in the face of increased demand. These results are consistent with earlier predictions
that traditional service delivery models would be insufficient (Stoll et al., 2018). Results also
indicate that individuals do indeed appeal to healthcare professionals for assistance based on
results obtained through DTC testing, also consistent with previous findings (Brett et al., 2012).
It is argued in literature that the integration of genetic data into care for diagnostics could
empower healthcare professionals to focus more on those aspects of care that require human
interaction (Snape et al., 2019). However, whatever task relieve integration of genetic data will
bring, it is deemed unlikely that this by itself would result in the ability to accommodate the
increased need for highly specialized genetic counseling professionals. A strong instrumental
barrier to ecosystem success is thus the discrepancy between what is required from the
healthcare labor force for genomics-integrated healthcare to delivery on its promises, and what
can be reasonably provided by that workforce. A successful transition towards a genomics-
integrated healthcare system is contingent upon the availability of sufficient amount of
adequately trained healthcare professionals. This operational friction could be addressed by
increasing the number of counseling professionals, whilst simultaneous evaluating how
counseling resources can be most efficiently used to address the challenges posed by a
transition to personalized healthcare.
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Insight 4: The transition to a genomics-integrated healthcare system in The
Netherlands is associated with several ethical issues which should be resolved before

widespread integration of genetic testing into healthcare.

The accessibility of the public healthcare system is an ethical issue that is touched upon from
several different perspectives. Common between them is the potential for a transition to a
genomics-integrated healthcare system to reduce the broad accessibility of the public
healthcare system. Although it is recognized that it would be unethical to withhold access to
personalized medicines from patients that could benefit from them, making such resources
available to individuals might require limiting public health resources that benefit a much larger
group, potentially decreasing public health accessibility. Furthermore, a focus on the individual
genetic basis of disease in research might reduce funding for research into other important
influences. Whilst these findings are consistent with the concerns voiced by Clarke (2014b)
and Evangelatos et al. (2017), no reconciliation between individual and collective approaches
seems to be happening between stakeholders. A focused on the genetic basis of disease also
elicits fears of increased medicalization conditions which are of minor relevance, again

reducing the attention afforded to other more relevant determinants of health.

Even when personalized healthcare resources were available to all, it is clear that different
individuals would not be equally able to benefit from them. Health-directed behavior in
individuals is contingent upon social and economic determinants, which influence which
people would be more likely to seek out and benefit from personalized care. Differences in
genomic literacy amongst the public only exacerbate the issue of equitable access. In addition,
limited genomic literacy also forms a challenge to fair representation in the societal debate
concerning personalized healthcare. Although findings by Haga (2013) and Syurina et al.
(2011) already emphasized this problem, whilst technological progress has accelerated,
ensuring an informed public has seen insufficient progress in this regard. Addressing low levels
of genomic literacy will be a challenge, as people tend to lack an intuitive sense in applying
concepts of risk and probability (Peters et al., 2006). An additional challenge to equitable
treatment of individuals in general is the potential for genetic discrimination or increased
stigmatization of specific conditions. This raises the question as to how genomics-integrated
healthcare will change our view of the individual, and whether individuals will be treated as
equally worthy. These concerns mirror concerns voiced in literature, e.g. Juengst et al. (2012),

yet it is unclear if and how stakeholders aim to address these.
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One of the most interesting insights from the data is that, whilst ethical issues regarding consent
and incidental findings are widely discussed in literature (see Dove et al., 2019), these do not
seem to be of major relevance in practice. For example, with regards to informing relatives in
traditional genetic testing, healthcare professionals prioritize their duty of care, and the general
policy is to provide a family letter (with varying degrees of information disclosure) which
encourages relatives to seek out further consultation. Although a viable approach in cases of
traditional, small scale targeted testing, it’s not evident whether this approach is sustainable
once broad, untargeted genetic screening is integrated into healthcare. It is clear however that,
with respect to the individual patient undergoing screening, current modes of consent are
insufficiently suited to the dynamics of personalized healthcare and new modes of consent are
required. This is consistent with concerned voice by Bunnik et al. (2013) and Rego et al. (2020).
Although new models of consent have been proposed (e.g. Appelbaum et al., 2014), this seems
to be more an academic endeavor than something that has found its way to practical
implementation. A related issue is what kind of information is even deemed to be suitable for
responsible disclosure to patients, in light of the complexity and uncertainty associated with
findings from WGS. Both Yu et al. (2013) and Berg at al. (2011) have pointed out that, to
maximize the effective use of WGS in personalized healthcare, a high standard must be
employed for reporting results. Patients meanwhile indicate a diversity of attitudes towards
broad return of results (Clift et al., 2015). Using a lower standard would however require a
significant increase of genetic counseling resources or risk a decrease in the quality of
counseling patients receive. There is insufficient reconciliation of views between different
stakeholders, with some stakeholders advocating for providing patients with broad access to
health data. It is also unclear what the long-term effects will be of such a high standard of
reporting in healthcare, when the standard employed by DTC testing services is often much
lower. This problem is amplified by the fact that currently, consumers often appeal to

healthcare professionals for assistance in interpreting such indiscriminate results.

The last ethical issue is that of beneficence. This issue revolved around the question to what
extent a transition to a genomics-integrated healthcare system can be expected to be a net
positive for the health outcomes of patients. It is clear that whilst in isolation the benefits of
personalized care are evident, the systems transition cannot simply be assumed to improve

health outcomes across the collective.
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5.3 Implications and directions for future research

This important overarching question is to what extent a transition to a genomics-integrated
healthcare system can be expected to be a net positive for the health outcomes of patients.
Whilst in isolation the benefits of personalized care are evident, the systems transition should
not simply be assumed to improve health outcomes across the collective. Applying
personalized medicine in a targeted manner, not fundamentally different from how traditional
genetic testing is applied, is promising and would not require a systems transition. The results
suggest, however, that the benefits of incorporating broad and untargeted screening in
healthcare as a means to promote public health should however be critically evaluated. The
link between information provision, intent, and behavior is complex, and socio-economic
determinants influence which individuals would be most able to capitalize on the opportunities
afforded by personalized care. It is imperative to critically reflect on how genomics should be

integrated into care in order to offer real and tangible benefits to all patients.

The findings in this report are based on expert interviews, and no direct examination of patient
behavior has occurred. Through the use of appropriate behavioral research methods, future
research should focus on better understanding the value-action gap with regards to health-
directed behaviors. It is important to uncover the factors of influence and gain a better
understanding of the role played by specific social and economic determinants in the context
of personalized care. It is also imperative to understand the role played by construal levels and
characterize the way the different kinds of information in personalized care are perceived and
processed by individuals. The goal should be able to characterize how personalized care can
be employed to actually empower individuals to engage in health-directed behaviors. Further
research could also focus on accounting for the influence of construal levels and genomic

literacy in initiatives for public participation surrounding this healthcare transition.

Whilst technology has progressed over the past decade, other relevant aspects of the transition
are lagging behind. Experts indicate insufficient reconciliation between the opportunities of
personalized medicine and the current healthcare system, which is strongly grounded in
principles of collectivity throughout. This study demonstrates the challenges that exist
regarding the desire to capitalize on personalized medicine on the one side, and the

responsibilities of maintaining a strong and accessible public healthcare system on the other.

Current legal and governance frameworks are deemed unfit by stakeholders to deal with the

particularities and circular dynamics of a personalized healthcare system. Whilst clear policy
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can be a facilitator of innovation, the shortcomings of current frameworks contribute to risk
and uncertainty for stakeholders, both with regards to their particular activities as well as in the
collaborative efforts between stakeholders. Adequate and comprehensive legal, policy, and
governance frameworks are needed to facilitate the activities of stakeholders in the ecosystem

and need to account for the circular nature of data sharing in personalized healthcare.

Value creation at the ecosystem level is hindered by a strong emphasis of stakeholders on their
own interests. While the common goal is clear, stakeholders indicate that there is insufficient
progress in reconciling misaligned interests between them, especially when responsibilities
towards patients and their data are involved. Frameworks and modes of cooperation that
facilitate collaboration and information exchange between stakeholders are required. Although
partly an ecosystem issue, it is also contingent upon the legal frameworks to which stakeholders
are bound. The building of relations and trust in the ecosystem can be facilitated by appropriate

governance frameworks with mechanisms for transparency and accountability.

Next to ecosystem friction, stakeholders also point to the existence of significant instrumental
barriers. Whilst the preconditions for successful functioning of the innovation ecosystem are
clear and have been incorporated in the national and international initiatives for personalized
care, stakeholders indicate that there are still insufficiently met. Stakeholders consistently
mention inadequate infrastructure, lacking standardization, and inadequate inoperability
between activities and artefacts. Inadequate fulfillment of these preconditions forms a barrier

to synergistic value creation between stakeholders.

Future research should focus on understanding what ecosystem stakeholders and participants
require from specific preconditions. In this, research efforts should be mindful of both the
value- and instrumental dimensions. One important question is what would facilitate data
exchange between stakeholders, and subsequently, how a unified infrastructure can be designed
to support these requirements. Research will need to explore how new modes of cooperation
can be established that integrate the concepts of stewardship and responsibility with regards to
data. In addition, addressing instrumental barriers that result from regulatory friction will

require some form of regulatory reform.

Another relevant question is what different stakeholders require for their operations, and how
activities and artefacts can be designed in an interoperable way. Standardization will play a
significant role in ensuring ecosystem success, but only if all stakeholder requirements are

adequately represented. There is significant ambiguity with regards to the division of roles and
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responsibilities in the ecosystem. Coordinating actors, such as two of the interviewed
stakeholders, should take a more dominant role in creating alignment between different
stakeholders and their activities the ecosystem. It is however important to examine whether
actors that fulfill a coordinating role in the ecosystem, especially those not mandated by the
government, have enough power and resources to effectively fulfill their role, and whether
there are other factors that form a barrier to effective coordination. Coordinating actors in the
ecosystem should focus on the preconditions most relevant early in the innovation lifecycle,
such as building trust between stakeholders and employing forms of governance to make sure

appropriate safeguards (through governance frameworks) are in place.

There are significant unresolved ethical issues surrounding the implementation of genomic-
integrated personalized care. Current modes of consent are insufficiently suited to the dynamics
of personalized healthcare. Several models of consent more appropriate for a genomic
healthcare paradigm have been proposed, taking a more dynamic approach to consent (e.g. Yu
etal., 2013; Mascalzoni et al., 2022; Wiertz & Boldt, 2022). Such models aim to promote self-
determination by providing granular choices and the ability to adjust consent over time.
Although proposals for new modes of consent are promising, research is needed to assess their
viability in practice. For example, it is unclear how dynamic consent could be applied and

guaranteed once data has been shared and incorporated amongst a large group of stakeholders.

Assessment of new modes of consent also needs to incorporate the associated counseling
requirements need to guarantee informed and autonomous decision making. A transition to a
genomics integrated healthcare system will place additional demands on a healthcare labor
force already stressed by an aging population. Broad integration of genomics into healthcare
will require significant increases in trained professionals in the area of genetic counseling. This

requires an assessment of which modes of counseling are appropriate for this new paradigm.

Ethical research can also be of value in reconciliation of individual and collective approaches
to care. However, trade-offs between collective and personalized approaches are also political
endeavor and should be informed by public debate. Ethics studies, in combination with
behavioral research, might be of value in assessing how exactly counseling resources can be
employed to enable informed and autonomous decision-making with regards to consent, and

ensure fair representation in the public debate.
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5.5 Limitations

Whilst effort has been expended to ensure rigor throughout the current project, the research is
not without its limitations. The current section serves to recognize the limitations of the project
and highlight areas of improvement for future research. This discussion of limitations will
include four common criteria for validation of qualitative research: credibility, transferability,

dependability, and confirmability (Anney, 2014).

The limited number of concrete studies into the Dutch genomics innovation ecosystem makes
it a valuable subject for an exploratory study. Nevertheless, although deemed an appropriate
approach for the analysis and characterization of the topic at hand at this specific point in its
lifecycle, the exploratory design of this research implies several limitations. Exploratory
research sacrifices depth for breadth; aiming to expose a broad range of relevant aspects

inevitably entails limiting the depth at which each of those aspects can be explored.

Another limitation is the non-exhaustive nature of exploratory research. Whilst care has been
taken to, within the scope of the research questions, explore a multitude of facets of the topic
at hand, there are still potential blind spots that both the literature and the empirical study might
have failed to address. The risk of this having obtained obsolete information is deemed to be
low, as the participants in the empirical research are active participants and stakeholders in the
ecosystem of interest. Whilst the exploratory design has enabled this project to formulate a
better understanding of the issues at hand, the results cannot be assumed to be conclusive.
Whilst the results can be effective in informing subsequent research into the exposed issues,
the strength of the conclusions of this single study is limited and should be explored in depth

in order to facilitate effective decision-making.

An additional limitation resulting from research-design is that expert interviews do not allow
for the direct examination of behavior or assessment of psychological states of patients. The
results do thus not allow for direct conclusions to be drawn with respect to the effect of the
attitude-behavior gap, or the role played by construal levels in human behavior in regard to
personalized medicine. Such issues should be addressed in follow up research using appropriate
behavioral research methods. Nevertheless, the chosen methodology has been able to expose
how aspects of the issue at hand could be better understood through behavioral research with a

focus on the influence of attitudes and construal levels in health directed behavior.

Another limiting factor is the relatively low number of participants in the expert interviews,

considering the diversity of the included stakeholder groups. This is caused by a lower-than-
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expected willingness to participate amongst the approached parties. Representation for some
stakeholder groups is limited to a single participant. A major mitigating factor in this is that in
all such cases, those participants were representatives for (professional) associations or other
institutions tasked with representing the views and interests of the broader stakeholder group.
This strengthens the credibility of their contributions. Some bias might have been introduced
as such organizations proved much more willing to participate than individuals, potentially due
to particular interests or simply because of available resources. Speaking to individual genetic
counselors proved very difficult, as they either did not have any availability or did not deem

their expertise to be relevant.

Although genetic counselors have been included through their professional association, no
individual patients that underwent genetic testing and genetic counseling have been included
in the sample, as individual patients did not fit the sampling frame for the expert interview
methodology. This might have resulted in blind spots with regards to information obtained
regarding this group. Subsequent research should employ appropriate methods to explore their
interests and experiences more specifically.

As discussed in section 3.1 on researcher reflexivity, another limiting factor is the fact that, due
to the constraints of the project, the current research has been predominantly designed and
executed by a single researcher. This potentially resulted in the assumptions and biases of this
individual influencing the process and subsequently the results of this study. With regards to
confirmability, it should be emphasized that a strategy to mitigate the influence of researcher
subjectivity has been formulated a priori and executed rigorously throughout.

With regards to transferability, the scope of the project is limited to the innovation ecosystem
in the Netherlands, which itself is situated in a larger European collaborative effort. Although
this focus on a single ecosystem is advantageous with regards to specificity, it comes with the
limitation of low generalizability of the results. Whilst some of the issues are representative of
the broader situation in Europe, the results cannot be assumed to be applicable to developments
outside of Europe. However, precisely the contrasts with the developments in the USA and
China (for example) make it valuable to study the Dutch (and European) approach.
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6. Conclusion

Currently a convergence of several key trends is enabling a genomic revolution in healthcare.
This means transitioning from a system of reactive and generalized care to a system of
predictive, preventative, participatory, and highly personalized medicine. This project set out
to examine the transition to a genomics-integrated healthcare system in The Netherlands,
focusing both on friction between eco-system participants and on human behavior. In this, the
project merges perspectives from the Innovation Sciences and Human-Technology Interaction
disciplines. The primary objectives of this research are twofold. First, this research aims to
explore and identify the (value-) frictions that exist within or between the various stakeholders
involved in the implementation of genomics-integrated healthcare, and to determine the
obstacles these frictions pose to the coherent realization of a personalized healthcare system.
Second, this research aims to examine the engagement and responses exhibited by patients and
their relatives in relation to the process of genetic testing in healthcare. By characterizing these
behaviors and their implications, the research aims to provide insights into how patient
behavior can impact the integration of genomics into a highly personalized healthcare system.
The objectives were pursued through semi-structured expert interviews involving a diverse set
of active ecosystem stakeholders, ensuring that findings are grounded in the actual experiences
and interactions of those involved in the transformation of the Dutch healthcare system.
Participants generally cited a consistent set of issues, each providing their particular
perspective, allowing for a rich and nuanced characterization of such frictions.

Results indicate a multitude of loci where value frictions occur between stakeholders in the
ecosystem. Value friction occurs with regards to standards of evidence, data sharing, and
balancing commercial, academic, and public health interests. Financial considerations, trust
establishment, conceptions of privacy, and differing views on policy conservatism versus
policy progressiveness further contribute to these frictions, complicating -effective
collaboration. An important locus of value-based friction concerns the essentiality of genomic
data in realizing improved public health outcomes, and concerns with regards to the
proportionality of the resources required in relation to the health outcomes realized. In addition,
there are several loci of instrumental, operational, and regulatory friction, referred to as
instrumental barriers, that hinder collaborative success in the ecosystem. These barriers are
inadequate cooperation and infrastructure for data exchange, insufficient interoperability of

activities, lack of a clear legal framework, and concerns regarding the healthcare workforce's
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capacity to meet the demands of a genomics-integrated healthcare system. Friction is also
present in the form of issues more explicitly ethical in nature. These ethical issues involve
questions about trade-offs in resource distribution and equitable access, highlighting
accessibility concerns for people from different socio-economic backgrounds. Other ethical
challenges include the efficacy and efficiency of personalized care, inadequacies in traditional
consent models, fairness in treatment quality and benefit distribution, fears of societal impact

from increased medicalization, and concerns about potential genetic discrimination.

Healthcare professionals identified several relevant aspects of human behavior in relation to
personalized healthcare. While personal benefit and solidarity motives encourage genetic data
sharing, privacy concerns remain. Positive attitudes towards data sharing are common, but
genetic information and availability of health-directed behaviors do not strongly drive lifestyle
changes or follow-up actions. Engagement with health-directed behaviors depends on
individual priorities and socio-economic factors. Additionally, low genetic literacy may limit
engagement with personalized care and participation in societal debates about its implications.
Not all patients are open to genetic testing, some people prioritize philosophical or religious
beliefs over potential benefits. Genetic testing can prompt concerns about the future, including
fears of reduced opportunities, though health risks to oneself and relatives are primary
concerns. Patients may experience feelings of worry, responsibility, or guilt about passing on
conditions to their children. Regardless of the results, receiving them can provide comfort by
resolving uncertainty, though it might also inspire unhealthy behaviors. Initial information

seeking is focused on treatment options or ways to mitigate detected conditions.

This study demonstrates the challenges that exist between the desire to capitalize on
personalized medicine on the one side, and the responsibility of maintaining a strong and
accessible public healthcare system on the other. Whilst individual stakeholders are working
hard to contribute to a personalized medicine transition, there is currently insufficient
alignment between ecosystem participants. Regulatory reform, increased investment in
standardization and infrastructure for information exchange, and frameworks for accountability
and commitment in collaboration can be employed to address regulatory, instrumental, and
operational friction. The results also suggest that, while personalized medicine shows promise
in targeted applications, broad and untargeted screening requires careful consideration. The
value-based frictions and ethical challenges that surround this issue are much harder to address,
and will require debate, compromise, and collaboration between stakeholders, including the

public, to be resolved. The complex link between information provision, intent, behavior, and

113



socio-economic factors means that it is imperative to reflect critically on how genomics can be

integrated into healthcare to provide tangible benefits for all patients.

The current research has taken an exploratory approach to examining and mapping the issues
at hand. Whilst care has been taken to obtain a representative overview of the issues
surrounding the transition in the Netherlands, the results are not exhaustive. Whilst this broad
overview of friction in the ecosystem is a useful starting point, additional research is needed to
provide a deeper characterization. Future research should explore new governance frameworks
and modes of cooperation, which integrate the concepts of stewardship and responsibility, to
facilitate collaboration and information exchange between stakeholders in the ecosystem.
Furthermore, future research should focus on understanding in detail what ecosystem

stakeholders and participants require from specific preconditions.

Although the method of expert interviews has been useful in exploring relevant issues with
regards to human behavior, more appropriate research methods are needed to characterize such
issues and their underlying factors in greater detail. Future research should use behavioral
research methods to understand the value-action gap in health-directed behaviors, and the
influence of attitudes and construal levels, considering social and economic determinants. It is
crucial to explore how different types of information in personalized care are perceived and
processed by individuals to empower them to engage in health-directed behaviors. Ethics
studies, combined with behavioral research, might be of value in assessing how counseling
resources can be employed to enable informed and autonomous decision-making with regards

to consent, and ensure fair representation in the public debate.

The innovation ecosystem experiences significant value-based, instrumental, operational, and
regulatory friction, as well as significant ethical issues, that form barriers to synergistic value
creation. More important, however, is that genetic data from whole-genome sequencing in a
genomics-integrated healthcare system is not expected by experts to be a strong driver of
behavioral change, nor is a focus on genetics deemed to be the most appropriate means to the
end of improving public health. While it is clear that personalized medicine has the potential
to be of immense value to healthcare, it is recommended to critically examine in which
instances and contexts personalized medicine can be most efficiently and effectively applied
to create greater societal benefit than possible through traditional means. To achieve a
meaningful and equitable impact, a comprehensive, multidisciplinary approach is essential for

integrating personalized medicine into the broader healthcare system.
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Appendix A — Interview guide

Interview guide
Expert interview on personalized genomic healthcare

Encourage the participant to share freely from experience.
Ask follow-up questions when relevant responses are provided.

Orienting questions

1.

How would you describe [organization]’s role in contributing to a system of
personalized healthcare?

How do [organization]’s activities contribute to accelerating personalized health?
How would you describe the relevance of [organization] in the ecosystem?

Main questions

4.

10.

11.

12.

13.

14.
15.

To what extent is the approach that [organization] takes value driven, versus values
just playing a role in the process?

Which values are important in [organization]’s role? Can you provide concrete
examples?

Which stakeholders do you consider, and what values are important to one and not the
other?
How were these values uncovered? Where the stakeholders asked directly?

If you trade off value [X] against value [Y], who is impacted and in which way?
Are there any value conflicts or value friction that you encounter?
Are there major changes over time in values that parties bring to the table?

How would the values that you hold dear be embodies in advice you give, or how
would they be implemented in real world cases?

How do you weigh the interests of researchers, citizens, care providers and industry
(against each other)?
What is the public response towards your activities?

What are some major barriers that you see, and what is their nature?
How are the collaborations between stakeholders going?
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Behavior specific questions

16.

17.

18.

19.

20.

21.

22.

What are the dominant subjects about which people seek information in relation to
genetic testing?

What are the dominant subjects that people express concerns about in relation to
genetic testing?

How would you characterize the types of reactions patients have when they are
initially involved in the process of genetic testing?

How would you characterize the types of reactions patients have to the return of
results of genetic testing?

In the process of genetic testing and return of results, are there any changes over time
in the information patients seek or the concerns they express?

To what extent does the process of genetic testing and return of results impact health
directed behaviors in individuals?

In practice, how do healthcare professionals deal with findings that apply to relatives
of the patient?
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Appendix B—Summary

Currently a convergence of several key trends is enabling a genomic revolution in healthcare.
This means transitioning from a system of reactive and generalized care to a system of
predictive, preventative, participatory, and highly personalized medicine (Horgan at al., 2017).
Major drivers of this development have been several recent breakthrough developments in the
field of genomics, as well as developments in other fields (such as big-data and data-analysis)
that converge to enable this radical transformation (Brittain et al., 2017; Horgan et al., 2015).
In this new genomics-integrated healthcare paradigm, large-scale genetic screening of
individuals will be employed to “help diagnosis, prevention, and treatment of a health-related
condition” (Salari & Larjani, 2017, p. 209).

The transition towards a genomics-integrated healthcare system is a case in which
heterogeneous, interdependent, actors are working to co-create a system-level output, referred
to as an innovation ecosystem (Ritala & Thomas, 2023). European and Dutch initiatives
regarding this transition emphasize ecosystem building activities in their approaches, including
stimulating collaboration between the set of stakeholders and the creation of unified
infrastructure and governance frameworks (European Commission, 2018; Nationaal
Groeifonds, 2021). Due to its expected impact, personalized healthcare is also associated with
a wide range of ethical issues, such as issues relating to equitable treatment of individuals and

fair distribution of resources for public health (Clarke, 2014b; Evangelatos et al., 2017).

Although there is significant capacity and willingness to capitalize on the opportunities
afforded by the genomic revolution, the incorporation of genomic innovations into clinical care
is unlikely to occur by diffusion and instead requires targeted support to be realized (Gaff et
al., 2017). Part of this is establishing alignment between the different stakeholders and
activities that make up the innovation ecosystem. At loci where elements of the ecosystem are
misaligned, friction occurs. It is imperative to understand the values held by stakeholders, and
how these translate into system requirements, in order to identify loci of friction that pose

barriers to synergistic value-creation in the ecosystem.

Another important factor in the transition towards personalized medicine is the behavior of
individuals that are both subject of, as the source of genomic data, and subject to, as patients,
genomic medicine. Human engagement with this new system of healthcare will have a critical

influence on the successful realization of improved health outcomes for individuals. The study
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of human behavior in relation to genomic technologies is, however, complicated by the
influence of psychological distance (So et al., 2021). The experienced temporal distance and
hypotheticality of genomic medicine influence the experienced psychological distance. The
greater the psychological distance, the greater the level of abstraction at which a situation is
construed, which in turn affects moral judgements (Trope & Liberman, 2010; Martensson,
2017). Representations on lower construal levels are less abstract, and more concerned with
actionable or goal-directed details (Wakslak et al., 2006). Psychological distance is expected
to be a relevant aspect of studying human attitudes and behavior in relation to personalized
medicine. Another complicating factor is the value-action gap, the observation that individuals
often behave in ways inconsistent with their stated attitudes or values (Sheeran & Webb, 2016;
Farjam et al., 2019). Due to the strong influence of contextual factors, stated attitudes are a
poor predictor of in situ behavior. Research does suggest that exhibited behaviors can be a
reliable indicator of attitudes (Kaiser et al., 2007). Understanding the complex interactions
between cognition, intention, and behavior is imperative if one aims to utilize genetic

information to promote and support health directed behaviors in patients.

A holistic characterization of friction across interdependent stakeholders is currently lacking.
Through an exploratory study using an ecosystems-approach this project aims to provide such
a characterization, focusing on the developing innovation ecosystem in The Netherlands.
Furthermore, as a step towards behavioral research that explores relevant behaviors in detail,
this study aims to characterize the relevant health-directed behaviors and responses exhibited
by patients in relation to the process of genetic testing. The research questions are as follows:

RQ1: Which (value-) frictions exist within or between different stakeholders, and what are the
obstacles they pose for the implementation of personalized healthcare?

RQ2: What are the reactions and behaviors exhibited by patients and relatives in relation to
the process of genetic testing in healthcare, and which factors have influenced them?

The research questions are pursued through semi-structured expert interviews involving a
diverse set of active ecosystem stakeholders, ensuring that findings are grounded in the actual
experiences and interactions of those involved in the transformation of the Dutch healthcare
system. Six categories of stakeholder groups are identified to be represented in the interviews:
(1) government, (2) industry, (3) academia, (4) healthcare sector, (5) patients, and (6) the
public. The expert contributions of healthcare professionals, such as genetic counselors, are

used to characterize relevant engagement and responses of patients in practice.
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Subsequent thematic analysis is employed to generate themes from the data that characterize
the relevant issues in relation to stakeholder friction, ethical issues, and human behavior.
Identified themes can be organized into four distinct overarching themes. These are loci of
predominantly value-based friction between ecosystem stakeholders, instrumental and

organization fictions that pose barriers to ecosystem success, ethical issues, and themes relating

to human engagement with and responses to genetic healthcare.

e Ethical Issues
Friction

Instrumental
Barriers

Figure 7 The four overarching themes identified in the data

Value friction occurs with regards to standards of evidence, data sharing, and balancing
commercial, academic, and public health interests. Financial considerations, trust
establishment, conceptions of privacy, and differing views on policy conservatism versus
policy progressiveness further contribute to these frictions, complicating effective
collaboration. An important locus of value-based friction concerns the essentiality of genomic
data in realizing improved public health outcomes, and concerns with regards to the
proportionality of the resources required in relation to the health outcomes realized. The latter
also involves tensions between the personalized nature of genomic healthcare and the

principles of collectivity in which the Dutch healthcare system is grounded.

There are several loci of instrumental, operational, and regulatory friction, referred to as
instrumental barriers, that hinder collaborative success in the ecosystem. These barriers are
inadequate cooperation and infrastructure for data exchange, insufficient interoperability of
activities, lack of a clear legal framework, and concerns regarding the healthcare workforce's
capacity to meet the demands of a genomics-integrated healthcare system. Friction is also
present in the form of issues more explicitly ethical in nature. These ethical issues involve
questions about trade-offs in resource distribution and equitable access, highlighting
accessibility concerns for people from different socio-economic backgrounds. Other ethical

challenges include the efficacy and efficiency of personalized care, inadequacies in traditional
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consent models, fairness in treatment quality and benefit distribution, fears of societal impact

from increased medicalization, and concerns about potential genetic discrimination.

Healthcare professionals have identified several relevant aspects of human behavior in relation
to personalized healthcare. While personal benefit and solidarity motives encourage genetic
data sharing, privacy concerns remain. Positive attitudes towards data sharing are common, but
genetic information and availability of health-directed behaviors do not strongly drive lifestyle
changes or follow-up actions. Engagement with health-directed behaviors depends on
individual priorities and socio-economic factors. Additionally, low genetic literacy may limit
engagement with personalized care and participation in societal debates about its implications.
Not all patients are open to genetic testing, some people prioritize philosophical or religious
beliefs over potential benefits. Genetic testing can prompt concerns about the future, including
fears of reduced opportunities, though health risks to oneself and relatives are primary
concerns. Patients may experience feelings of worry, responsibility, or guilt about passing on
conditions to their children. Regardless of the results, receiving them can provide comfort by
resolving uncertainty, though it might also inspire unhealthy behaviors. Initial information

seeking is focused on treatment options or ways to mitigate detected conditions.

These results demonstrate the challenges that exist between the desire to capitalize on
personalized medicine on the one side, and the responsibility of maintaining a strong and
accessible public healthcare system on the other. The innovation ecosystem experiences
significant value-based, instrumental, operational, and regulatory friction, as well as significant
ethical issues, that form barriers to synergistic value creation. More important, however, is that
genetic data from whole-genome sequencing in a genomics-integrated healthcare system is not
expected by experts to be a strong driver of behavioral change, nor is a focus on genetics
deemed to be the most appropriate means to the end of improving public health. Future research
should explore new governance frameworks and modes of cooperation to facilitate
collaboration and resource exchange between stakeholders. Appropriate behavioral research
methods should be employed to study the complex link between information provision, intent,
behavior, and socio-economic factors. While it is clear that personalized medicine has the
potential to be of immense value to healthcare, it is recommended to critically examine in which
instances and contexts personalized medicine can be most efficiently and effectively applied
to create greater societal benefit than possible through traditional means. To achieve a
meaningful and equitable impact, a comprehensive, multidisciplinary approach is essential for

integrating personalized medicine into the broader healthcare system.
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