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PART 1 BACKGROUND






Chapter 1 — INTRODUCTION






Prologue

When Prometheus had stolen the divine fire from heaven and taught mankind about the
infinite potential uses of this magical new phenomenon, Zeus was filled with wrath and anger
because of this betrayal. Instead of immediately punishing Prometheus himself, Zeus decided
to first unleash his fury upon the shameless creatures of men that dared to try to mimic the
Olympians. As a first step in his plan, a girl of stunning beauty, modelled after the examples of
Aphrodite, Hera, Demeter and Athena, was sculpted from clay moistened by his saliva. Each
of the gods conferred upon her a talent or accomplishment and therefore she was called “All-
Gifted” or Pandora. Zeus decided to grant her one more gift, being a jar filled with secrets.
“This jar”, Zeus said to Pandora, “is your wedding gift. However, it is purely decorative and it
contains nothing of interest. You are never to open it.” Pandora sincerely promised she would
never do so.

Hermes took Pandora by the hand, led her to the house of Epimetheus, the brother of
Prometheus, and introduced her as Epimetheus’ wife to be. Pandora and Epimetheus lived a
happy life, but nevertheless, every now and then, Pandora was tickled by the jar she kept on
a shelf in their bedroom. Zeus’ remark that the jar was empty and contained nothing of
interest triggered her curiosity and made her think that it might, instead, contain something
of great interest, something of value and power.

One night, after a party Epimetheus had organised for Pandora, she could no longer control
her curiosity and she opened the jar. Flying and flapping shapes buzzed from the jar, screaming
and howling in her ears. Pandora felt a shooting pain, cried out in fright and horror and closed
the lid of the jar to seal it again. The cloud of wailing creatures clawed the air and flew away
over the town, the countryside and the entire world. The names of these creatures were, for
instance, Hardship, Lies, War and Pain. Deceit, misery and pain had arrived on earth and they
would never leave again.

What Pandora did not know was that, when she hastily closed the jar again, one creature was
left behind and imprisoned forever. Its name was Hope.

(Paraphrased of S. Fry, Mythos. (1))



1.1. Next Generation Sequencing and its clinical implementation

On April 14th 2003, thousands of co-operating scientists presented the result of what had
been a tremendous effort (2). That day, the endeavour of sequencing a human genome,
including its 20 000 to 25 000 genes and three billion DNA base-pairs, had been completed
(3). This Human Genome Project had required about 13 years of work and costed about 2,7
billion dollars (3-5).

Technologically, the Human Genome Project was primarily achieved by means of classic
Sanger sequencing which sequences DNA in a serial manner (6). Since the realisation of the
Human Genome Project, technology has evolved enormously. More recent sequencing
technologies called Next Generation Sequencing (NGS) allow for the massively parallel
sequencing of a vast number of genes or large numbers of genomic regions (7-9). Because of
this simultaneous sequencing, NGS-based techniques are much more efficient and cost-
effective than Sanger sequencing for deciphering the full genome or large panels of genes (6).

1.1.1. From panels to exomes to genomes

NGS is a suitable technology for clinical genetic testing and it can be applied in testing
strategies with different scales (10-13).

The use of targeted disease-specific gene panels, ranging from a few to hundreds of genes, is
a first application of NGS technologies (10, 14). In this approach, a distinction is made between
the sequencing of raw data and the analysis of a disease-specific panel of genes which is
assumed to hold the relevant clinical information (15). Targeted NGS-based panel testing is a
convenient approach in a diagnostic “phenotype to genotype” context where the patient has
a clinical phenotype and/or a family history that is indicative of a specific (monogenic) disease
(10, 13, 16). Currently, targeted panel testing may still be preferred as a time-efficient and
cost-effective first line testing procedure for many monogenic diseases (14, 17, 18). When
using exome-based panel testing, this also holds the possibility of flexibly reanalysing the raw
data when new candidate genes for a condition have been identified (12).

A second application of NGS technologies is whole exome sequencing (WES). WES interrogates
all protein-coding genes which accords with approximately 1,5% of the whole human genome
(19, 20). In a diagnostic context, WES is a suitable testing strategy when a patient has an
undiagnosed rare disease, a negative family history of disease or a phenotype that is indicative
for a condition with a high genotypic heterogeneity (i.e. a condition that may be caused by
(likely) pathogenic variants in many possible disease genes) or with an unknown inheritance
pattern (13). Also when targeted panel testing did not reveal a definite genetic diagnosis, WES
can be performed (21). Mendelian (monogenic) diseases are mostly caused by pathogenic
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variants in the exome and hence WES represents a testing strategy for most monogenic
conditions (10, 19). For some conditions, especially those with a complex or unknown genetic
background, it has been suggested that WES is more cost-effective than targeted panel testing
(29).

Finally, NGS allows for whole genome sequencing (WGS). In 2007, the genome of James
Watson was sequenced in a few months using this approach (22). Ever since, both the
turnaround time and costs of WGS have decreased steadily (7, 20). Sequencing a human
genome can nowadays be realised in a few days for a little over one thousand dollars (3, 5).
WGS proved to be a suitable testing strategy for complex conditions such as developmental
delay or intellectual disability (14, 23, 24).

For each case of clinical genetic testing of monogenic conditions, the most convenient
application (targeted panel testing, WES or WGS) should be considered (14, 25). An efficient
use of NGS-based strategies should avoid a disproportionate accumulation of tests and should
aim for the highest diagnostic yield (i.e. the highest identification of disease-causing variants
and molecular diagnoses) in the shortest time and at the lowest cost (14, 25, 26).

In this dissertation, NGS-based panel testing mainly refers to exome-based panel testing,
which will be indicated as (clinical) exome sequencing or clinical ES. When referring to NGS
technologies, this covers the techniques of ES, WES and WGS.

Europe is currently developing a “1+ Million Genomes Initiative”, in which an international
collaboration aims for the sequencing of more than one million genomes accessible for
research and personalised medicine by 2022 (27). Initiatives like these illustrate that the
decrease in required resources, the fast turnaround time and the increased accuracy of ES,
WES and WGS have strongly stimulated the application of NGS in clinical routine medicine (3,
16, 25, 26, 28, 29).

NGS-based strategies are promising for various reasons in different clinical domains. While
avoiding the financial cost, psychological burden or even medical harm of a series of negative,
targeted tests, one single NGS-based test may reveal the underlying genetic predisposition of
ever more conditions and hence realise a higher diagnostic yield (10, 14, 16, 30-32). NGS-
based testing can enable a more detailed clinical diagnosis and prognosis and realise a better
understanding of disease. Consequently, targeted drugs and optimal therapeutic strategies
may be provided that are tailored to a person’s specific genotype, attempting to target a
specific disease gene or mutation by means of gene therapy (10, 25, 33, 34). This way, NGS
technologies contribute to the realisation of personalised or precision medicine as a
complement to a more general “one size fits all” approach (19). In people with a family history
of a genetic disease, NGS-based testing can be used for risk assessment, which may allow for
preventive, reproductive or therapeutic interventions in affected persons (35, 36).
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In a reproductive context, NGS-based testing can reduce the recurrence of severe monogenic
conditions to future children, for example by means of preconception carrier screening for
recessive conditions or by means of a prenatal diagnosis or preimplantation genetic testing
(37, 38).

1.1.2. Challenges

When the genome of James Watson was sequenced in 2007, the majority of the sequenced
data could not be associated to a biological function and could not be interpreted in terms of
disease risks (39). Twenty (likely) pathogenic variants were identified but during the
counselling session, very little could be said about these variants’ exact meaning (40). This
situation still reflects some major challenges in NGS-based testing techniques, namely the
(pathogenically) uncertain and/or dynamic interpretation of results and the counselling of
patients (19).

a. Interpretative uncertainty

More than a decade after the sequencing of James Watson’s genome, the interpretation of
NGS-generated data remains a demanding endeavour. The function of many genes is still
unknown and disease may be caused by a complex interplay between multiple genes and
environmental factors.

An important challenge in the interpretation of genomic data is caused by the large amount
of variants of uncertain significance (VUS) that are identified by ES/WES/WGS (31, 41). VUS
may be identified in known disease-causing genes and in genes of unknown significance (GUS)
and are results for which scientific knowledge and literature currently provide insufficient
evidence or contradictory information to decide on their clinical and pathogenic significance
(42, 43). VUS (or class 3 variants as they are referred to by the American College of Medical
Genetics and Genomics) are not an interpretation problem unique to NGS-based testing but
the scale of potential VUS in ES/WES/WGS is, compared to single-gene or chromosomal
testing, enormous (13, 44). In fact, most NGS-based test results will be VUS and hence these
results have been called a “plague” (19, 45). As described by Hoffman-Andrews, NGS-based
testing has resulted in a book of life of which we can read the alphabet but of which we do
not always understand its vocabulary and grammar (35).

The complex analysis of NGS-generated data and VUS creates a substantial interpretative
uncertainty in clinical genomics (19, 31, 46). Specific recommendations for the reporting of
VUS are currently not available and laboratories are stimulated to develop their own protocols
(41, 43). Because of this lack of general guidance, laboratories may report results differently
(43). Even within one laboratory, professionals may report VUS differently, since the
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pathogenic classification of variants has been described as partly subjective, even when
classification guidelines are used (43).

The pathogenic uncertainty in VUS inherently complicates disclosure and counselling
practices. VUS may be reported from the laboratory to the referring clinician to avoid the
missing of a (future) potentially pathogenic result or in respect of the clinician (43, 47).
However, the reporting of results with an ambiguous disease-causing effect is not without risk
(21, 31, 48, 49). The result may be over-interpreted by the clinician and subsequently reported
to the patient, which may result in unnecessary follow-up consults or inappropriate medical
interventions (13, 19, 37, 43). A noteworthy example of over-interpretation is found in a study
that reported surprisingly high rates of bilateral mastectomy in women who were informed
about a VUS in a breast cancer susceptibility gene (35). However, such an intervention may
only have survival benefit for women with a pathogenic variant in a hereditary breast cancer
susceptibility gene, for instance the BRCA1-gene or BRCA2-gene (35).

VUS illustrate how, despite decreased costs of NGS-based testing in se, data analysis,
interpretation and validation may still require a considerable amount of time, effort and
financial resources (19, 25).

Further research, professional and interdisciplinary collaboration and large genomic
databases are required to address the problem of pathogenic and interpretative uncertainty
(14, 19, 30, 31).

b. Raw data, reanalysis and recontacting

Genetic variants’ pathogenic classification is a flexible and dynamic process (31, 50). As
scientific knowledge about disease-associated genes and genetic variants evolves over time,
VUS and other sequencing results may be reinterpreted and VUS may turn out to be
pathogenically significant or benign (41, 51). It has been indicated that reanalysis, even if 12
months after the initial analysis, may increase the diagnostic yield (41). Also the evolving
phenotype of a person, changes in a person’s family history of illness or important life cycle
junctures such as pregnancy may clarify or increase the relevance of (perhaps initially
unreported) variants (50, 52). This pleads for recontacting practices and the provision of
follow-up consults (31). Recontacting patients may offer significant benefits for their (and
their relatives’) health, psychosocial wellbeing or reproductive plans (53). Accordingly,
patients have expressed the desire to be recontacted when new information is available and
they would consider it a sign of high quality care (53, 54).

However, recontacting patients may also cause anxiety and (financial) worries or be perceived
as anintrusion of privacy (53). Moreover, it may be questioned whether practices of reanalysis
and recontacting are feasible, since they would significantly add to the burden and
responsibility of genetic professionals (7, 53, 55). Professionals have acknowledged the value
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of a periodical re-evaluation of sequenced variants but they also mentioned that the required
time and financial resources are lacking (50, 53). Consequently, most genetic centres have no
routine activity of reanalysis and recontacting and an international study of informed consent
forms showed that the issue of reinterpretation was addressed in less than half of them (41,
53).

To this day, data reanalysis and the recontacting of patients are usually considered good
clinical practice and moral responsibilities but not legal duties (41, 52, 53, 56). This idea is also
reflected in statements that have been published by the European Society of Human Genetics
(ESHG) and the American College of Medical Genetics and Genomics (ACMG). A routine re-
evaluation of variant classifications and recontacting patients may be ethically desirable but
are not duties since these practices are logistically and practically impossible (50, 53).
Therefore, patients should be informed that their genetic data are analysed based on the
knowledge available at the specific moment of analysis (30, 56).

If data would be reanalysed, there is currently no consensus on who should take initiative for
this reanalysis (53, 57). Many healthcare professionals think that they should initiate
reanalysis and also lay people do consider this a professional responsibility (30, 43, 53, 58).
However, a professional initiative may be practically impossible (if, for instance, the patient’s
contact details have changed) or inappropriate without prior consent (41, 52). Holding
patients responsible may, however, also be problematic since they probably lack the genetic
literacy to recontact professionals and ask for reanalysis (43, 52, 55).

Therefore, recontacting is frequently considered a joint venture and shared responsibility
between the clinician, laboratory and patient, a position which is also endorsed by the ESHG
and ACMG (28, 50, 52, 53, 56, 59, 60). The ESHG, however, warns that a shared responsibility
may result in a failure to take any action and therefore should be seen as a pragmatic solution
until best practices have been identified (53).

Two important remarks can be made regarding reanalysis and recontacting. Firstly, even
though recontacting may be a moral duty, this practice should be considered a prima facie
duty that should be balanced with other interests (55). Also, for instance, the principle of
justice should be kept in mind and patients’ potential benefit of being recontacted should be
balanced with the required resources to realise this ideal (53). Secondly, guidelines on
recontacting may not be able to eliminate the need for case-by-case and context-specific
decisions. The decision whether or not to recontact a patient may depend on, for instance,
the nature of the newly available information, the balance between professional beneficence
and patient privacy, the potential impact on a patient’s relatives, etc. (53, 55).
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Finally, an important issue associated with the reanalysis of data and the recontacting of
patients is the (long-term) storage of raw genomic data and patients’ access to these data.
Issues concerning the retention and return of un-interpreted data have not received much
attention and currently there is no consensus on, for instance, the time and most appropriate
place of storage (42, 61).

In Belgium, it is currently not possible to obtain one’s raw genomic data when consulting a
centre for medical genetics and there is no national database where all these data are stored
centrally. Centres also do not share un-interpreted data but only clinical reports with other
clinical institutions or professionals. This practice aligns with most other medical terrains.
Nevertheless, lay people have expressed an interest in getting access to their raw data (62-
64). They consider this access a realisation of empowerment and a way of control (63). It gives
them the opportunity to consult other services for a (re)interpretation of the data and to
control the sharing of these data (61). Genomic data may be (re)interpreted by other genetic
professionals or by third-party interpretation tools (61, 65). These third party interpretation
services may provide non-medical information, e.g. concerning ancestry or athletic
performance, as well as health-related results including risk estimates for complex diseases or
for serious monogenic disorders (66). However, the first scenario (involving medical experts)
may burden the public healthcare system or may challenge non-genetics specialists that may
be consulted (61, 64, 65). The second scenario (involving (online) third-party interpretation
tools) raises questions, also in patients themselves, about data privacy and confidentiality (37,
46, 63, 64, 66). Also the validity of the automated analysis, patients’ overestimation of health-
related information, the disclosure of this information without adequate counselling and the
medical, personal and familial impact of this information are important concerns (61, 64, 66).

Therefore, many professionals are reluctant to provide access to raw data (29, 62, 67). They
are worried about the (potentially unnecessary) downstream of follow-up consultations,
increasing costs and a subpopulation of “worried well” (62). Nevertheless, they realise that
people may consider this a paternalistic attitude that conflicts with their entitlement to these
data (62).

Also practical and logistics issues are at stake when patients should have access to their raw
data, such as the problematic storage of terabytes of data. One option is to store raw data as
part of a patient’s electronic medical record but this option has raised data protection and
logistics concerns (e.g. regarding costs and required infrastructure) (61). These problems may
be solved by private data storage by patients. However, this policy requires a certain degree
of genomic literacy and awareness among lay people and may conflict with values of justice
and equity (61).
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Ultimately, it should be considered, especially in a context of clinical care, how patients’ access
to their raw data — which may be considered personally uninterpretable data - may contribute
to good care and patients’ wellbeing (21).

c. Counselling

The complexity and uncertain and/or dynamic interpretation of NGS-based test results are
reflected in clinical counselling and informed consent procedures that have become both
more important and demanding (68).

In a context of genomic medicine, counselling procedures are characterised by a dissonance
between the enormous amount and complexity of possible results and the limits of patients’
ability to understand and process this information within the time frame of a counselling
session (45, 69-72). Professionals should aim for a clear and streamlined counselling
procedure that provides nuanced information without (emotionally) overwhelming patients
(69).

It is considered practically impossible to counsel patients about all possible results and disease
risks. However, patients should receive some essential information before clinical genomic
testing (73). They should be informed and counselled about the benefits, risks, limitations and
possible outcomes of clinical genomic testing, about the potential impact and consequences
of results, about privacy and confidentiality issues, about the potential relevance of genetic
test results for family members and about the responsibilities that may arise from results (51,
60, 62, 74). Patients themselves have also emphasised the importance of adequate
counselling and of being prepared for the disclosure of possible results (7, 75).

For several years now, professionals wonder how much information patients actually need to
be adequately informed about genomic testing procedures without being overwhelmed (14,
26). The most efficient and comprehensible way of information delivery has been debated, as
well as the most effective organisation of pre- and post-test counselling consults (17, 70). The
preferred length of a genetic counselling session illustrates the complexity of effective
counselling procedures. Whereas patients and lay people would prefer these sessions to be
as long as necessary, professionals do not consider this feasible (20, 76, 77). The efficacy of
counselling sessions that take “as long as necessary” has also been questioned by patients
who experienced counselling as a long and demanding process (70). Therefore, new and
alternative ways of counselling that go beyond traditional face-to-face-encounters may be
necessary (26, 78, 79). Several ideas have been suggested such as multidisciplinary or
communal counselling sessions or the use of online tools (51, 79). Many patients have
nevertheless indicated to prefer real-life, face-to-face counselling consults and it is doubtful
whether patients are ready for new ways of counselling (7, 51, 63, 80, 81).
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A written informed consent form may be useful during pre-test counselling sessions, as it can
structure the session, support patients’ understanding and reflection and function as a
reminder on what has been decided (also for other healthcare professionals) (82). The act of
signing a form may also give patients a sense of control and ownership towards the process
of genetic testing (82).

There is no consensus yet on what information should be included in an informed consent
form (83). Ayuso et al. designed a minimum list of elements that should be addressed in an
informed consent form for WES/WGS-based testing, including topics such as the test
procedure, the potential risks and benefits of the test, alternative testing possibilities, patient
choices, privacy, confidentiality and data storage (84). As a consequence of genetic results’
dynamic interpretation and patients’ changing context and preferences, consent forms may
also address issues of reanalysis and recontacting (32, 51, 57, 71, 85).

Informed consent forms should however not be too long or too complex and they should be
formulated in a comprehensible way (38, 76, 82). The requirement of presenting a lot of
complex information in an accessible way has raised doubts on the suitability of classic
informed consent forms (57, 86-89). Tabor et al. conducted a study in which an informed
consent protocol was presented that was almost ten pages long and took up to three hours
to be fully explained (90). The addressed participants considered it necessary to receive and
understand a lot of information before making an informed decision but they criticised the
procedure’s length and complexity (90). Alternative informed consent procedures, such as
binned or staged consent, have been suggested but no consensus has been reached yet on
the most suitable procedure (57, 65). Currently, the use of an informed consent form for
clinical genomic testing is not required in Belgium.

1.2. Diagnostically unrelated findings

As clinical genomic tests analyse large regions of the genome, they have the potential to result
in an amount of results that is without precedent in medicine. Several (pathogenic) variants
can be identified, of which some may be clinically relevant for the diagnostic testing indication
(primary, pertinent or diagnostic results), yet others may exceed a person’s clinical
presentation or phenotype (14, 26, 28, 42, 45, 51). Incidental findings (IFs) or diagnostically
unrelated findings that go beyond the initial rationale for testing, may be potentially disease-
causing and hence relevant for a patient and/or her family (19, 51, 91, 92). IFs have been
identified as one of the most challenging consequences of clinical ES/WES/WGS (10).

Whereas IFs are unintentionally identified, the terminology of secondary findings (SFs) is
generally reserved for deliberately pursued diagnostically unrelated genomic results (93, 94).
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This deliberate pursuit of additional results may be applied as a procedure of “opportunistic
screening” in which an additional list of genes and/or variants is analysed (95).

Before discussing the potential disclosure of IFs and SFs to adult patients in a diagnostic
context, the nature and terminology of IFs and SFs will be explained.

1.2.1. The detection of IFs in medicine and genomics

IFs are a well-known phenomenon in other clinical settings and for over thirty years, the
terminology has been used for various types of diagnostically unrelated findings, for instance
in magnetic resonance imaging (MRI), X-ray tests or primary healthcare consults (8, 83, 96,
97). The terminology has been transferred to the genetic and genomic domain but the analogy
between, for instance, radiological and genomic IFs should be made with caution since several
differences can be pointed out. Genomic IFs usually do not identify current health problems
but reveal susceptibilities, predispositions and future health risks; their discovery does not
imply a clinical diagnosis but a future risk assessment (60, 98). Moreover, genomic IFs
inherently include inheritance risks and may not only be relevant for the patient herself but
also or exclusively for the tested patient’s family members (8, 60).

Within the specific context of genetics and genomics too, IFs are not new phenomena, since
genome-wide testing by use of conventional karyotyping or molecular karyotyping can also
identify diagnostically unrelated chromosome and genomic abnormalities (8). The techniques
and sensitivity of NGS-based testing have, however, significantly increased the scale and
complexity of genomic IFs (92).

Every human genome holds thousands of variants of which most are benign and attributable
to normal genetic diversity. Other variants are located in genes with an unknown clinical
relevance (GUS) or are VUS in known disease-associated genes. Three to five variants in every
human genome may nevertheless be pathogenic variants that indicate an increased disease
risk, such as an increased risk for colon cancer or Alzheimer’s disease, or a carrier status of a
recessive condition (8, 16, 51, 99). Different estimations have been made about the
prevalence of IFs and rates have ranged from 1% to almost 9% of clinical genomic tests that
would identify an IF associated with a serious, medically actionable condition (10, 19, 48, 95).
These different estimates can be caused by study differences regarding included participants,
classification criteria for variants’ pathogenicity and included genes, panels or conditions (28).
If IFs would only apply to (likely) pathogenic variants that are associated with adult onset and
life-threatening conditions for which a medical prevention or treatment is available, such as
breast cancer and ovarian cancer, it is expected that such findings will be identified in about
1-2% of European-ancestry persons tested by WES (100). If variants associated with a carrier
status of an autosomal recessive condition, for example cystic fibrosis, would be included,
probably every case of WES/WGS would reveal IFs (28).
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WES and especially WGS inherently hold the possibility to produce a large amount of results
and IFs. However, also NGS-based panel testing and clinical ES may identify IFs, since a
diagnostic panel can include genes that are associated with different conditions or phenotypes
(30, 101). An example is the PID-panel for primary immunodeficiencies that contains the ATM-
gene, in which pathogenic variants have been associated with an increased breast cancer risk.
As ever more gene-disease associations are identified, panels may become larger, which will
increase the chance of IFs (42). A current example of a frequently used large panel is
Mendeliome analysis, interrogating all genes associated with Mendelian diseases. Finally,
bioinformatics filters will analyse larger noncoding regions that exceed the protein-coding
parts of a gene when WGS-based instead of WES-based panel testing will be used. Again, this
will increase the chance of IFs. Hence, even though the use of NGS-based panel testing or
clinical ES only holds a small chance to identify IFs, it is considered impossible to completely
avoid IFs (21, 91, 97).

1.2.2. Terminological questions

When testing techniques inherently reveal a large amount of variants and when IFs are
unavoidable, it may be contradictory to indicate diagnostically unrelated findings as

Ill

“incidental” (8, 42). The terminology of IFs may also suggest a sense of triviality, while instead,
it may concern life-threatening findings (8, 51, 83, 97, 102). Other terminologies for
diagnostically unrelated findings have been suggested such as unsolicited, unanticipated,
additional or secondary findings/variants (21, 92, 97, 102). However, most alternatives for the
terminology of IFs have been considered equally problematic. Findings may not be
unanticipated because of professionals’ expertise or because of the associated condition’s
prevalence in the general population and findings may not be additional or secondary when
there is no primary result (51, 97, 103). It was also suggested that different contexts or settings
may require different terminologies (103). To this day, no consensus has been reached on the
most suitable terminology. This problem was reflected in a study of international consent
forms for diagnostic genomic sequencing. While one quarter of the studied forms did not
mention the possibility of diagnostically unrelated findings as a whole, the forms that did refer
to this possibility, were characterised by a variety of frequently undefined or even incorrectly
used terms (91).

Finally, the concept and terminology of NGS-based IFs have been fundamentally criticised

because of the active interpretation these results require (104). This active interpretation may
raise the question whether all IFs may actually be considered SFs.
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When [Fs are revealed in radiological tests or when IFs are identified in genome-wide tests
such as (molecular) karyotyping, these IFs result from the use of visual images or genetic
results that unavoidably cover a broader field of vision than that which is strictly necessary
(105, 106). The IFs that are engendered by these technologies have been characterised as truly
serendipitous and “impossible not to see” (83). Instead, NGS-based IFs have to be actively
looked at and interpreted. This active detection and interpretation does, however, not turn
these findings into SFs. IFs are not the result of an intentional and deliberate screening process
but merely a consequence and a side-effect of a technology used for a specific, diagnostic goal.
Even though some IFs may be anticipatable and even expected when specific panels are used,
exhaustive lists of reportable IFs have been dismissed by professionals, as the spectrum of
possible IFs is ultimately unknown in advance (68, 86). This fundamental unpredictability can
affect the nature and possibilities of pre-test counselling.

In the pursuit of SFs, usually a well-defined list of genes is additionally and intentionally
screened and variants are actively sought for; in this way, the spectrum of potential SFs is
inherently anticipatable (83, 94, 107). SFs are not merely a side-effect of a diagnostic search
but a well-considered and clearly delineated set of additional results that clinicians and/or
patients want to receive along with the diagnostic test result because of their assumed clinical
validity and utility. The comprehensiveness which is included in the pursuit of a list of SFs
cannot be expected or guaranteed in case of IFs. Referring to the analogy with radiological
additional findings, genomic SFs may be compared to the performance of an additional X-ray
that explicitly focusses on another part of the body than the initial X-ray or to the extension
of the scope of a blood test (101, 108). The intentional nature of SFs may again affect pre-test
counselling procedures and SFs may be presented as results which are not only instrumentally
“looked at” but also purposefully “looked for”.

The distinction between IFs and SFs is reflected in the terminology that has been suggested
by the Presidential Commission for the Study of Bioethical Issues (Bioethics Commission). The
Bioethics Commission suggested a diversified terminology of anticipatable IFs, unanticipatable
IFs and SFs (94). Whereas anticipatable IFs are known to be associated with the test (for
instance because the gene in which the additional pathogenic variant has been identified, is
part of a disease-specific panel), this is not the case for unanticipatable IFs (for instance when
new gene-disease associations have been recently identified or when another clinical testing
procedure has been performed than expected) (94).

The difference between diagnostic results, IFs and SFs has sometimes been pinpointed as
irrelevant, since all results may be equally important for a patient and since all results could
be equally part of the purpose of clinical care (8). Even though IFs or SFs may have equally
significant consequences as primary results, the existence of diagnostically unrelated findings
as a distinct category of results is now generally recognised (94, 105).
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IFs and SFs have a strong similarity in a clinical context: both types of results exceed the
specific diagnostic indication for which testing has been initiated. In some occasions, when
the focus is mainly on the diagnostic unrelatedness of results, it may be suitable to unite both
types of results in a common term. However, the differences between IFs and SFs in
intentionality, scope, professional and patient expectations and possible counselling
procedures suggest a distinct terminology may be preferable. A clear and consistent
terminology could avoid confusion in professional and patient expectations, study protocols
or reports and informed consent procedures (8, 51, 60, 91, 97, 102, 103).

In this dissertation IFs refer to unintentionally discovered and diagnostically unrelated results
(92, 94). SFs denote intentionally and deliberately pursued and diagnostically unrelated results
(93, 94). When the focus is on the diagnostic unrelatedness of both types of results,
irrespective of their accidental or intentional discovery, these results may conjointly be
referred to as “incidental and secondary findings” (ISFs). The use of this overarching term may
also be necessary when certain literature refers to unspecified diagnostically unrelated
genetic test results.

1.3. Disclosing IFs and SFs

Many types of IFs and SFs can be identified, ranging from findings with a non-medical
relevance (e.g. results regarding ancestry or non-paternity) or with an unknown pathogenic
consequence (VUS IFs, e.g. a VUS in a gene associated with heart arrhythmia or Lynch
syndrome) to findings with a reproductive value (e.g. a carrier status of Duchenne muscular
dystrophy) or (medically) actionable findings (e.g. an increased risk for breast cancer or type
Il diabetes). Actionable genomic findings have been described as increased risks for a genetic
disease for which (medical) prevention or treatment is available that could improve the
outcome of the associated condition (95). The detection of actionable IFs and SFs may improve
a potential condition’s prognosis and outcome in terms of morbidity or mortality but also in
terms of wellbeing and quality of life (20, 95).

Both the non-disclosure of any IF and the full disclosure of all possible ISFs are considered
unviable policies (8, 109, 110). A complete non-disclosure of IFs is considered ethically
unjustifiable given the harm it may cause or the potential benefit it may impede (8, 57, 78, 79,
109). Conversely, a full disclosure of all possible IFs and the active pursuit of all possible SFs is
regarded as unfeasible in a diagnostic context for logistic, economic and counselling reasons
(21, 51, 57). Hence the delineation of reportable IFs and SFs has been an important point of
concern among genetic professionals. The appendix provides an overview and summary of
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frequently referred to recommendations on the disclosure of IFs and SFs in diagnostic,
constitutional WES/WGS in adults.

The next section will present some key strategies and arguments for the delineation of
reportable ISFs. Subsequently, professional ideas on the active pursuit or limitation of ISFs will
be outlined, as well as suggested policies regarding an optional or mandatory disclosure of
results. Finally, the perspective of lay people on the disclosure of ISFs will be described.

1.3.1. The spectrum of reportable findings

a. Binning results

Binning systems are a frequently used system to categorise and select potential ISFs that may
be reported. In genomic binning systems, genetic variants are categorised according to their
nature and their associated condition’s estimated characteristics, such as the condition’s
medical actionability, penetrance (i.e. the probability that a variant will express the associated
condition) or age of onset (45, 91). Overall, predetermined binning systems aim to avoid an
information overload regarding ISFs and to support a more comprehensive and efficient
decision making process and counselling procedure regarding disclosure (16, 45).

In 2011, Berg et al. already developed a binning system for IFs (45). This binning framework
was based on two parameters. The first parameter regarded the IF’s clinical relevance or
validity (determined by the gene in which the variant is located), the second parameter
regarded the IF’s pathogenic relevance (determined by the nature of the variant in itself) (45).
Based on these parameters and on a variant’s clinical utility or actionability, three important
bins were distinguished: (i) (likely) pathogenic variants in clinically valid and actionable genes,
(ii) (likely) pathogenic variants in clinically valid but medically non-actionable genes and (iii)
variants in genes with an unknown clinical validity (variants in GUS) (45).

Bin 1-results were expected to be a rarity, as this bin only includes highly penetrant and (likely)
pathogenic variants in clinically valid and medically actionable genes that are associated with
monogenic, rare diseases such as Marfan syndrome (45). However, if such results were
identified, Berg et al. advised to always report them. Bin 2 included results with an ambiguous
clinical utility but with potential personal utility (45). Examples are variants associated with
severe but medically non-actionable conditions such as Alzheimer’s disease or Huntington
disease or IFs regarding a carrier status of autosomal recessive conditions (45). Berg et al.
advocated to only report bin 2-findings at a patient’s consent and after shared decision making
(45). Finally, Berg et al. recommended to never report IFs of the last bin (variants in GUS), nor
VUS IFs, not even when these VUS were identified in clinically valid genes (45).
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A binning-system may be a valuable framework to structure decisions on result disclosure and
counselling sessions. However, the clinical implementation of binning systems, including the
framework of Berg et al., may be challenged by the uncertain delineation of specific bins and
the ambiguous definition of variants’ or conditions’ characteristics (62). These problems will
be further discussed throughout the manuscript.

b. Arguments for disclosure

Almost ten years after the publication of Berg’s binning system, many genetic professionals
still support this framework’s core ideas and recommendations. In a context of clinical
genomic testing in adults, genetic professionals generally support the possibility to return
clinically valid and relevant IFs that indicate a significant health risk (17, 51, 57, 60, 111-113).
They particularly approve the return of medically actionable IFs, for instance regarding cancer
predispositions (51, 83, 86, 109, 114-116). Informing patients about this category of IFs
provides the opportunity to take preventive or therapeutic action that may realise a better
(clinical) outcome (8, 57, 106). In line with the second bin of Berg et al.’s framework, a
considerable amount of professionals would also consider the return of IFs regarding a carrier
status of autosomal recessive conditions or regarding pharmacogenetics (10, 79, 86, 109, 115,
117, 118).

Despite the willingness to report particular IFs, genetic professionals are also cautious towards
clinical and psychological risks of reported IFs. Reported findings may result in an information
overload, psychological distress and clinically harmful interventions (16, 62, 71, 79, 119). In
combination with the sometimes uncertain pathogenic significance of genetic results,
reported IFs may cause unnecessary anxiety and worries in patients (107, 120). Knowledge of
IFs and consequential actions may also induce financial risks or harm, stigmatisation or
discrimination (8, 57, 71, 113, 121).

Therefore, genetic professionals are less motivated to report IFs that are related to
multifactorial conditions or non-medical issues and IFs that are not highly penetrant, not
clearly pathogenic or not medically actionable (57, 83, 109, 122, 123). Only a minority of
professionals interprets actionable IFs as results that allow for lifestyle adjustments (71, 121).

In essence, the disclosure of IFs because of medical risk reduction and the non-disclosure of
IFs because of (medical or psychological) risks are two sides of the same coin, i.e. the
promotion of patients’ (medical) wellbeing (96). Hence both disclosure and non-disclosure are
grounded in the ethical values of beneficence (preventing or removing harm and promoting
someone’s best interest) and non-maleficence (not inflicting harm) and in analogous
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professional duties (51, 57, 69, 111, 124). In chapter six, these ethical values will be discussed
in depth as underlying arguments for specific reporting practices.

Research has suggested that healthcare professionals with different roles may have different
perspectives. Clinical geneticists seem to feel less obliged to report a wide spectrum of results
and to screen for SFs (125). Compared with genetic counsellors or primary care providers, they
are more likely to limit disclosure to medically actionable IFs (86, 109, 112, 123, 126). This may
be explained by their specific expertise on genetic test results and their focus on clinical utility,
whereas counsellors and primary care providers may be more concerned about social and
psychological issues (86, 123, 126). However, in comparison with genetic researchers who
have no contact with participants, clinical geneticists are more likely to emphasise their moral
duties towards patients and the professional obligation to report clinically significant IFs (127).

1.3.2. Looking for or limiting additional findings

a. Opportunistic screening

Some professionals consider the potential benefit that may be realised by reported IFs to be
of such significance that these findings should not be left to chance but actively pursued. This
idea was prominently articulated by the ACMG (86, 95). In 2013, the ACMG published its
recommendations that advised the active analysis and reporting of (likely) pathogenic variants
in @ minimum list of 56 genes (later updated to 59 genes) that are associated with 24
conditions (93, 95, 128). The listed genes were deemed to be correlated with highly penetrant,
severe or life-threatening monogenic conditions that may stay asymptomatic for a long time
and for which medical interventions are available that may prevent or reduce serious
morbidity or early mortality (8, 93, 95, 128). The gene list has similarities with the first bin of
Berg et al.’s classification system but the ACMG recommendations are more specific regarding
the spectrum of reportable results (51).

According to the ACMG, a patient’s best interest is achieved most effectively when (likely)
pathogenic variants in the listed genes are actively and deliberately pursued as SFs and this in
any case of diagnostic, constitutional WES/WGS (i.e. testing by WES/WGS for congenital
conditions), irrespective of the specific testing indication and irrespective of the age of the
tested patient (95). This deliberate pursuit was defined as a way of opportunistic screening: if
the exome or genome is sequenced anyway, it may be a small effort and hence a perfect
opportunity to look for some additional disease risks (34).

Most participants of a survey among ACMG members considered the opportunistic screening
for SFs as in line with medical standards (129). By setting high standards for reportable results,
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an over-reporting of (false positive or irrelevant) results, an overwhelming of patients and a
burdening of the healthcare system may also be avoided (130).

Internationally, however, professionals have criticised the suggested practice of opportunistic
screening. Genetic professionals raised (and still raise) doubts about the penetrance,
expression and disease-predictive value of IFs and SFs in persons without associated
symptoms or without a relevant family history of disease (14, 57,71, 72,83,92, 121,123, 131-
133). Consequently, the disclosure of results of which the potential benefits, risks and cost are
still unknown, may be interpreted as a violation of the precautionary principle (134). In line
with this criticism, the ESHG and EuroGentest do not support the active screening for SFs (8,
91, 92). Also recently published points to consider for laboratories discourage an active search
for SFs (56). In line with many professionals’ opinion, European policy documents generally
advocate (WES/WGS-based) targeted panel testing, the avoidance of IFs and SFs and a
diagnostically focussed care in a clinical context (8, 15, 30, 42, 56, 92, 123). This idea was
reflected in an international study of informed consent forms which revealed that the
potential pursuit and disclosure of SFs was mentioned in only a minority of the analysed forms
(91).

ACMG acknowledged the lack of empirical data on the listed genes’ clinical validity and utility
in persons without symptoms, as well as the insufficient scientific evidence for the potential
benefits, risks and costs of disclosure (51, 95, 132). Instead of being entirely evidence-based,
the recommendations were partly based on professional consensus (95). ACMG’s most recent
reaction on the contested clinical validity and utility of diagnostically unrelated variants in
asymptomatic people regards a short statement on the application of its recommendations
outside the clinical context (135). It says that, even though reporting (likely) pathogenic
variants in the listed genes will probably benefit patients and their families, the list of 59 genes
is not validated for and should not be applied to general population screening (135).

b. Limiting results, costs and risks

The intentional search for SFs has additionally been criticised because of the additional
resources this practice requires (83, 129, 132, 136). The analysis, interpretation and
communication of both IFs and SFs will demand extra time, money and human effort and will
put an extra burden on professionals and genetic centres, especially in case of difficult variant
interpretations (51, 121). This way, a “1000 dollar genome may create a million dollar
headache” (137). Costs associated with IFs and SFs should be considered in a broad sense and
from a long term perspective, including for instance follow-up consults for identified IFs and
SFs, the psychological or family-wide burden of reported results and issues concerning
reanalysis and recontacting (57, 127, 131, 132, 138). Generally, VUS IFs are not reported,
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which accords with guidelines such as those of the ACMG, since it avoids an unbearable
professional burden, excessive costs and a risk of over-interpretation (43, 93, 117).
Nevertheless, it complicates the issue of reanalysis and recontacting when new techniques or
scientific information become available (28). If VUS IFs are not registered or not reported to
clinicians or patients, it is unclear how someone may take initiative in a potential reanalysis.
Parallel to the current and more general discussion on reanalysis and recontacting, informing
patients about reanalysed VUS IFs seems an ethically desirable but also practically unrealistic
practice (8, 50). Current informatics technologies are not yet accustomed to this practice and
therefore, priority should be given to the reanalysis of diagnostically relevant results,
especially for patients who did not yet receive decisive diagnostic test results (42, 53, 56). In
accordance with this idea, Christenhusz et al. currently suggest an “interpretation freeze” of
IFs based on the scientific knowledge available at the specific time of testing (69).

The additional costs and burden that may be created by IFs and SFs have raised concerns about
the fair and just distribution of limited resources (8, 13, 51, 60, 92, 111, 139). Disclosure
policies on IFs and SFs may result in less remaining resources for diagnostic practices and it
should be considered whether the potential advantages of reported results can outweigh the
costs that are associated with IFs and SFs (15, 26, 92). However, it has also been claimed that
if diagnostically unrelated finding are that valuable that they are reported as IFs, these results
might as well be pursued as SFs (140). In terms of pre-test counselling, a deliberate screening
for a predetermined list of results could also allow to better inform patients about potential
findings (141). Wouters et al. stated that it should not be considered unfair to provide patients
with additional, potentially useful information; it should rather be considered unfair to leave
the discovery of this information to chance (140).

Finally, IFs and SFs will frequently need to be compared with genomic information of a
patient’s family members to determine the clinical and pathogenic significance of these
results. This too requires additional resources and these costs should be integrated in the
weighing of IFs” and SFs’ potential benefits, risks and costs (48, 142).

Validating IFs and SFs by use of family members’ genomic information may also
psychologically affect relatives, since they may discover to be a “person at risk” (142).
Conversely, when a patient does not want to receive clinically significant IFs or SFs, this decline
may indirectly deny an opportunity for risk prevention in family members and hence affect
their health and wellbeing (21, 92, 96). Situations like these raise questions about
responsibilities towards relatives that may be created by IFs and SFs (8).
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c. Minors

Even though this issue exceeds the scope of this dissertation, it should be mentioned that the
recommendation of the ACMG to pursue and report SFs in any case of diagnostic WES/WGS,
irrespective of the tested patient’s age, has been largely contested (95). For decades, the idea
had been advocated that genetic tests for adult- and late-onset conditions should be
postponed until adulthood if no preventive interventions are available during childhood and
that decisions on genetic testing should be driven by the child’s best interest (131, 132, 143,
144). The ACMG recommendations, however, advocate the disclosure of predispositions for
adult-onset conditions to (parents of) minors because these results may be the only
opportunity to inform family members about a genetic risk (128, 130). Critics stated that this
implies that a child’s future autonomy is surpassed by professional beneficence and by the
opportunity to avoid future morbidity and mortality in relatives (95, 128). It has been
guestioned whether considering the family as the basic unit of clinical care can be aligned with
the primacy of a child’s best interest and how the valuation of children’s genetic information
for the benefit of others may be justified (95, 132, 144, 145).

1.3.3. Optional or mandatory disclosure

Internationally, many professionals advocate a patient consent for the disclosure of IFs and
many want to respect patients’ personal preferences and wish to know or not to know IFs (10,
62, 71, 79, 83, 96, 111, 113, 119, 122). This professional perspective was illustrated in the
study of Lohn et al. where genetic professionals spontaneously added patient preferences as
an important criterion for disclosure (109).

Not allowing patients an opt-out of IFs has been said to contravene standard medical practice
and to infringe upon classic ethical principles such as respect for patient autonomy, the right
not to know, shared decision making and informed consent (119, 121, 131, 132, 144, 146).
However, several professionals also acknowledged that a patient’s choice to opt out of, for
instance, severe and medically actionable IFs may be hard or even impossible to respect (57,
115). This remark is in line with Art. 7. § 3. of the Belgian Law concerning the Rights of Patients
which states that a patient’s request not to receive medically relevant information should be
respected unless the non-communication clearly causes a serious health detriment to the
patient or third parties (147).

The difficult balance between respecting and declining patients’ choices is reflected in the

ambiguous attitude of the ESHG and EuroGentest towards an opt-out possibility. They
advocate the elaboration of clear protocols on the disclosure of IFs but they simultaneously
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recognise the option to report a severe and medically actionable IF against patients’ will when
rejecting this result might seriously endanger the health of patients or their relatives (30, 92).

Finally, the ACMG guidelines of 2013 prescribed a mandatory reporting of SFs, independent
of a patient’s preferences (95). This mandatory disclosure was justified by its alleged
alignment with established medical practice (for instance in radiology or dermatology), by its
avoidance of genetic exceptionalism and by the professional duties of beneficence and care
(95, 130, 148, 149). Some authors agreed that mandatorily reported SFs offer more valuable
options for life but the recommendation of a mandatory disclosure was mainly the subject of
severe criticism (89, 119, 121). As a result of persistent objections from its own members and
the genetic community in general, the ACMG allows a patient opt-out of SFs since 2015 (8,
129, 150). This opt-out possibility for SFs is supported by a vast majority of professionals (8,
56).

According to the adjusted ACMG recommendations of 2015, it is not possible to partially opt
out of a subset of SFs, as this would make the counselling process too complicated (131, 150).
Critics nevertheless advocated the possibility of a selective opt-out since this allows patients
to make an analysis of SFs’ potential risks and benefits that is specifically adjusted to their
personal and family situation and values (79, 129, 131, 151). Moreover, the ACMG still
advocates screening for SFs as a routine practice (150). Recommending a practice of SFs as a
routine practice with an opt-out possibility and not as a practice based on an opt-in choice
may, however, impede patients’ informed choices (131). In opt-in procedures, patients
explicitly express their consent; in opt-out procedures, patients agree more implicitly by taking
no specific action which may result in a lower amount of refusals to consent (152).

1.3.4. Lay people’s perspective

For many years, the disclosure of genomic ISFs was mainly considered from a theoretical and
professional point of view and this narrow perspective is reflected in international policy
documents (8, 28, 51, 98, 132, 145). A systematic review of 2012 could only find four empirical
studies on genomic IFs, of which two studies were situated in a research context and twoin a
diagnostic context (96). Seven years after this review, and particularly stimulated by the
publication of the initial ACMG recommendations, a considerable amount of empirical
research on IFs and SFs has been realised. Over the last years, this research also paid increasing
attention to the perspective of the general population on IFs, SFs and genomic medicine in
general.
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In Belgium, the King Baudouin Foundation (KBS-FRB) and the Sciensano Cancer Centre recently
organised a citizen’s forum on genomic medicine. A diverse group of 32 well-informed adults
reflected on the most imminent points of concern, including societal, ethical and legal
implications of genomic medicine (34, 38). Belgian citizens demonstrated a significant interest
in genomic medicine. They expressed a sense of genomic responsibility and solidarity as well
as a need for autonomous choices and active control (27). The combination of both interests
may result in a wish for a society where genomic medicine advances people’s health without
discriminating them on medical grounds (27).

Internationally, lay people clearly show an interest in personal genetic information. Various
criteria, such as a condition’s severity, penetrance or age of onset, may affect people’s interest
in IFs and SFs but overall, people show a broad interest in these results (29, 37, 46, 76, 153,
154).

Some studies indicated a predominant and almost omnipresent interest in medically
actionable IFs and SFs (20, 63, 83, 85, 123, 155-157). A review study indicated that 94% of
patients included in the selected research wanted to receive actionable SFs in a diagnostic
context (20). A study including young women with diagnosed breast cancer even revealed an
omnipresent desire to receive actionable IFs (155). These results are considered to be an
opportunity for disease prevention and informed decision making regarding future health
risks (63, 75, 158, 159). For some people, the clinical relevance of IFs and SFs could be a reason
not to allow an opt-out for these results, as this opt-out could have harmful consequences for
themselves and/or family members (160).

Besides, many people would also be interested in medically non-actionable IFs or SFs and this
for reasons of personal utility (7, 57, 60, 81, 83, 123, 161). They would like to receive medically
non-actionable results because of psychological or reproductive interests (for themselves and
family members), altruistic intentions (to contribute to scientific research or future treatments
for others), the pursuit of self-knowledge (for example regarding one’s ancestry), the
possibility of lifestyle changes or the value of knowledge per se (29, 46, 54, 63, 80, 81, 83, 123,
155, 156, 159, 162, 163). People also fear to regret the decline of information with a possibly
future relevance (161). Even when a finding’s meaning may be ambiguous or uncertain, many
people would still prefer to be informed and few would refuse the disclosure of diagnostically
unrelated results (7, 31, 51, 111). This way, a preference in lay people for the disclosure of
numerous or even all possible IFs or SFs has frequently been suggested (7, 51, 161, 164) (48,
60, 164).

Despite this general and broad interest in ISFs, not all people want to receive (all) IFs or SFs
and some people have expressed a more selective interest (54, 91, 153, 165). Reasons for
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patients’ potential decline of IFs or SFs may be related to the possible costs of additional
testing, the complexity of results, a focus on diagnostic results, a fear for an information
overload or moral obligations towards others and a general distrust in the healthcare system
(80, 121, 156). Patients’ major argument against the receipt of ISFs is the fear of not being
able to psychologically cope with these results and the fear of living with a “presymptomatic
patient status” (7, 57, 75, 85, 159). Since it is impossible to unlearn ISFs, their disclosure may
result in strong and enduring anxiety and affect one’s overall wellbeing (165, 166). All ISFs may
be inherently “bad news” but especially medically non-actionable findings, results associated
with very severe (and slowly progressive) conditions, results without a clear pathogenic
significance (VUS IFs), results that are not health-related and low-penetrance results are
considered potentially harmful or psychologically distressing (63, 80, 153, 155, 156, 167-169).
Nevertheless, people mainly expect positive effects of disclosed IFs and SFs or they consider
worry as a manageable trade-off for the potential benefits of disclosed results (70, 81, 161,
168, 170). The rationale regarding (psychological) harm that may be caused by ISFs is
mentioned more frequently by professionals whereas lay people and patients want to decide
for themselves on the risks of reported results (54, 57, 62, 63, 70, 83, 99).

People generally stress the importance of involvement and control regarding the disclosure of
IFs and SFs and many patients think they should be allowed to have a look into Pandora’s box
that has been opened by genomic testing (8, 20, 57, 62, 63, 154, 171). People emphasise the
values of autonomy, personal choice, ownership and empowerment and they argue that these
values may supersede results’ medical actionability (51, 54, 57, 62, 63, 76, 121, 155, 160, 162,
171). When people receive more detailed information on IFs and SFs, they may nuance the
absolute weight of patient choice but they structurally reject unilateral professional decisions
on the disclosure of results (54, 57, 75, 111, 160, 162). This idea complies with the concept of
shared decision making where patients and professionals collaborate in medical decision
making (168).

People’s longing for autonomy and their confidence in psychological coping abilities regarding
IFs and SFs have been supported by studies that did not identify feelings of anxiety, distress
or regret shortly after the disclosure of medically actionable SFs (166, 172-174).

Without denying people’s ability to psychologically cope with IFs and SFs, it should be taken
into account whether people’s confidence may be affected by cultural expectations of
emotional strength (166). Research also warned for the difference between genetic test
results’ lower psychological impact on people who were known to be at risk and results’ more
severe impact on people without a suggestive family or personal history (36, 72). This
difference may be of particular relevance in a context of presymptomatic IFs and SFs.
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1.4. Genomic testing and the opening of Pandora’s box

The prologue of this dissertation referred to the myth of Pandora. Several researchers have
already used the story of Pandora to illustrate the current evolution in medical genomics and
NGS technologies. Horn et al. and Hashiloni-Dolev et al. recalled the mythological character in
the context of prenatal genomic sequencing and Townsend et al. and Behr et al. referred to
Pandora in the specific context of genomic IFs (62, 175-177).

A study on lay people’s use of metaphors in a context of genomic sequencing showed how the
reference to Pandora’s box is mainly associated with the potential discovery of troubling
information (178). The metaphor mainly focusses on an unleashing of results that cannot be
controlled and on information that cannot be unlearned (178).

In view of this interpretation, one may wonder whether the myth of Pandora is the best
metaphor for the debate on IFs and SFs in current genomic medicine. Should genome analysis
and its possible results be perceived as an uncontrollable box filled with risks or may this
metaphor require some adjustments?

1.4.1. Revealing the box’s content

The myth of Pandora illustrates how genome analysis provides the tools to open Pandora’s
box. This analysis may engender both diagnostic test results and findings that are no longer
diagnostically focussed and temporary relevant but broad, predictive, dynamic and potentially
lifelong relevant (78, 80). This way, IFs and SFs may reveal a significant part of the content of
Pandora’s box without direct clinical indication (21, 42, 92, 163).

IFs, SFs and the opportunity to reveal what is inside Pandora’s box may drastically change the
nature and organisation of medicine and healthcare. In a clinical context, many if not all
patients may discover they carry additional genetic predispositions and they are potential
future patients or “pre-patients” who suffer from future multi-morbidity (27, 179).

A society of pre-patients will have to define suitable ways of treating people who carry
genomic defects without suffering from the associated disease yet and this in both a medical
and psychosocial way (15). Whereas patients with a symptomatic condition may be included
in conventional healthcare trajectories, this may not always be the case for people without
symptoms yet with a diagnosed predisposition. It is still unclear to which care pre-patients are
entitled and whether and how traditional healthcare procedures are compatible with people’s
pre-patient status (92, 105). Since therapeutic interventions may only be required at an
unknown moment in the (distant) future, pre-patients may, for instance, feel better supported
by a longitudinal follow-up trajectory than by acute clinical consultations (69, 142).
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Analogously, the responsibilities of pre-patients (e.g. concerning lifestyle changes and family
communication or towards employees or insurance companies) are still unknown, as well as
the potentially required adjustments of professional roles and responsibilities (27, 92, 105).
The rights and responsibilities of a genetically at-risk person and the threats of genetic
discrimination are definitely worth future research.

Ultimately, the shift from treatment to prediction and prevention and the medical and social
group of pre-patients may transform concepts of health and illness and the nature of medicine
(27, 38, 107, 179). The potential changes in the organisation and nature of medicine and
healthcare may become so big and important that they have been labelled a paradigm shift
(105, 179).

An important element in the potential paradigm shift may be the evolution that genome
analysis can increasingly offer the tools not only to open Pandora’s box but also to manage or
even overturn the risks one may discover (as IFs or SFs). Described opportunities of NGS
technologies, including personalised medicine, reproductive options or even gene therapy,
suggest that opening Pandora’s box can arouse not only “flapping shapes” and “wailing
creatures” but also opportunities for prevention and recovery. Rather than feeling powerless
and being overwhelmed by IFs, SFs and what may still be “bad news” initially, patients may
have increasing possibilities to act upon this information and cope with what has been
unleashed. As described in the introduction, these possibilities are not necessarily limited to
medical actions and can also include personally relevant actions.

The developing spectrum of coping possibilities towards genetic information introduces a part
of the myth that has frequently been neglected, i.e. the creature still locked up in the box. IFs
and SFs are not only an opportunity to discover additional health risks as the frightening
content of Pandora’s box, they may also contribute to the release of the imprisoned creature,
Hope.

1.4.2. The need for an improved policy and understanding

Are IFs and SFs an opportunity to unleash the creature of Hope from Pandora’s box, and if so,
how can this release be realised in an effective, efficient and ethical way?

When reviewing this introduction, these questions do not seem to be answered unequivocally
(19, 160). To close this introduction, three factors that prevent an unambiguous answering of
these questions are identified.

Firstly, there seems to be a considerable divergence between professionals’” and
layman’s/patients’ perspective on IFs and SFs. Professionals emphasise duties of beneficence
and non-maleficence whereas lay people and patients rather accentuate and expect respect
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for autonomy (62, 119). This discrepancy between prioritised values may result in conflicts
where the prima facie values of professional beneficence and patient autonomy need to be
balanced (38, 57, 60, 109, 115, 124).

From a professional perspective, the clinical utility and medical actionability of results strongly
affects the balancing of values; the medical benefit that can be realised by disclosure can be
a sufficient reason to overrule a patient’s autonomy when this patient wants to opt out of a
medically actionable IF (51, 57, 76, 106, 111). Medical actionability turned out to be a crucial
professional threshold for disclosure (for both results that can be reported and results that
should be reported): the more ISFs allow for medical interventions with a potentially
beneficent outcome, the more these findings’ disclosure seems to be justified or even
required (51, 60, 79).

For patients however, the criterion of medical actionability seems to be less important and
values of autonomy, involvement and empowerment may take precedence over this criterion
(51, 54,57,62,153, 161, 162, 180). People’s preferences regarding ISFs do not seem to follow
the division between medically actionable and non-actionable findings and even when results
are not medically actionable, people suppose there may be ways to take (preventive) action
(7,153,165, 170,171, 180, 181).

Patients’ and professionals’ different approach of genetic information may explain their
divergent perspective on valuable genetic results. Whereas professionals consider genetic
data as a source for health information, diagnoses and risk assessments, patients may consider
this information from a personal, social and existential perspective (73). Finding common
ground between both perspectives has been a challenge for several years now (182).

Patients’ emphasis on autonomy and empowerment also indicates another potential
adjustments of the myth of Pandora. Some people want to open the box and unleash its full
content, not as an uncontrollable event but as an autonomous choice. Others, however, may
prefer never to open Pandora’s box or to release only the information needed for diagnostic
purposes. This way, Pandora’s box may transform into a ‘lock box’, a metaphor that refers
mainly to a sense of control and to an intended, relevant and safe use of the box’s content
(178).

Secondly, there is considerable disagreement between international policy documents and
between professional perspectives on the disclosure of IFs and SFs. No consensus has been
realised yet on criteria, arguments or values that are decisive for disclosure or on the weight
of patient preferences and professional responsibilities (42, 57, 79, 183). In chapter four, the
lack of consensus between international policy documents and among professional
perspectives will be discussed in detail.
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In the context of this introduction, it is particularly important to indicate that in many
countries, the discrepancies between policy documents and professional perspectives entail
a lack of specific guidance and institutional protocols on the disclosure of ISFs (30, 42, 51, 56,
86, 92, 111, 184). This may result in divergent disclosure practices and policies, in ad hoc
approaches regarding ISFs and in a violation of the principles of equity and justice (8, 91).
However, not a lot is known about the actual reporting of IFs or SFs and few studies have
described this practice in a diagnostic context. In a US-based study of laboratory practices, all
included laboratories reported diagnostically unrelated results but a very heterogeneous
spectrum of disclosed results was identified (117). Also an international study on laboratory
reporting practices demonstrated a large diversity, including practices of not disclosing any IF,
reporting medically actionable IFs and actively screening for SFs (118). Additional studies may
further outline the application of international and professional recommendations on actual
disclosure policies and reveal how professionals’ and layman’s perspectives are interpreted in
clinical practice.

Thirdly, many questions about patients’ interpretation of IFs and SFs remain unanswered,
despite the increasing research on layman and patient perspectives.

Some previous studies included people without illness experience or patients without genetic
testing experience but this kind of research design abstracts patients’ clinical context (20, 48).
Hence the need for further research on the perspective of people who are actually
experienced with illness and genetic testing has frequently been expressed (7, 54, 78, 99, 156,
164, 181). Research that indicated a predominant interest in medically actionable IFs and SFs
in cancer patients suggested the hypothesis that disease-specific experiences may affect
patients’ understanding or preferences regarding IFs and SFs (7, 20, 57,155, 157, 159). Further
research is needed on the interpretation of IFs and SFs by people with other illness
experiences (54).

This research should also pay more attention to people’s underlying motives for (not) wanting
to know IFs and SFs, since little is known about these motivations (145). One study identified
an association between a higher educational level and a more selective preference to know
ISFs (162) but generally, persons’ sociodemographic characteristics have been considered as
of no significant impact on preferences regarding IFs and SFs (153, 161, 164, 170). Concepts
of (medical) actionability, personal utility, psychological harm and autonomy have been
shown to affect patients’ interest in ISFs (cf. supra) but other motives may be identified and a
more profound understanding of patients’ preferences should be pursued.

Answering the question whether and how ISFs may be an opportunity to efficiently and
ethically release the creature of Hope from Pandora’s box, requires further research on the
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issues mentioned above. It is precisely this particular need for further research that will be
addressed in this dissertation.
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2.1. Objectives and research questions

The main objective of this dissertation is to examine the practice and perspective of important
stakeholders regarding the disclosure and (ethical) meaning of IFs and SFs in a context of NGS-
based clinical genomic testing.

These insights may clarify the potential correlations or discrepancies, firstly, between
international guidelines and actual practices and, secondly, between the perspectives of
different stakeholders. The outcome of this study and the resulting knowledge may inform
and support constructive reflection on relevant future policies and contribute to the
development of best practices that include various stakeholders’ perspectives.

In the realisation of its objective, this study will specifically focus on, firstly, practices and
perspectives of genetic professionals and, secondly, patient perspectives and meaning
structures. Professional practices and perspectives will be investigated at a national level in
Belgium and more particularly in the context of centres for medical genetics (CMGs). Patient
perspectives will be obtained from adults with a Mendelian disease who have been genetically
tested in a diagnostic context. In both stakeholders’ perspectives, a detailed study of subtle
elements in practice, policy, experience and (ethical) meaning will be pursued.

The main objective of this dissertation results in two specific research questions:

1. How do genetic professionals in Belgian CMGs report IFs and SFs in NGS-based clinical
genomic testing in adults and how do they perceive the (ethical) motives for and
consequences of this disclosure?

2. How do genetically tested adult patients perceive the potential disclosure of IFs and
SFs and how do they assign meaning to these potential results?

2.2. Scope

The introduction showed that the debate on IFs and SFs covers a broad range of technological,
practical, clinical, societal and ethical issues. It is therefore important to precisely define this
dissertation’s scope and its position in the debate.

This dissertation will focus on IFs and SFs that are revealed by use of NGS-based testing
techniques (including clinical ES, WES and WGS) in a clinical context. The dissertation targets
situations of constitutional testing for Mendelian diseases (i.e. testing for hereditary
conditions that are caused by germline mutations) in competent adults.
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2.2.1. The clinical context

The debate on genomic IFs initially has its roots in a research context (1-3). Scientific research
is founded on its own principles but genomic testing has been said to fade the distinction
between research and clinics (4-7). After negative clinical test results, patients may be referred
to a research context without fully realising this change of context; researchers may also be
the treating clinician of a research participant (4, 8, 9). It has been suggested that the interface
between the clinic and research is inevitable and that both fields should be considered
translational fields (5). This would imply dual roles for clinicians, expanded ethical duties for
researchers and an increased relevance of clinical and research recommendations (5).

Despite the potentially blurring boundary between the clinical and research context, the
introduction of clinical genomic testing raised new questions on IFs, since both contexts are
nevertheless characterised by specificaims and principles. Research is hypothesis-driven, aims
for generalizable results and advanced collective benefit and may be performed by a
researcher who is no physician and has no clinical relationship with the research participant
(1, 2, 5, 8-11). Clinical care, instead, is focussed on clinically relevant results and a particular
patient’s benefit. Clinicians should also respect standards of good clinical practice (1, 5, 6, 8,
9, 11). Their professional duty of care is emphasised by their relation and bond of trust with
patients (10, 12). This way, professionals’ (clinical and ethical) responsibilities and
participants’/patients’ expectations can be very different in a research or clinical context (5,
13).

The specific experiences, aims and responsibilities of both stakeholders in a clinical context
are the main focus of this dissertation. As a consequence of the central position of the patient
in this clinical context, this dissertation will mainly focus on the disclosure of IFs and SFs from
genetic professionals to the patient, rather than between professionals.

2.2.2. Inherited retinal diseases

Constitutional testing for hereditary diseases but also somatic testing for acquired diseases,
for instance in solid tumour or haematological profiling, can reveal IFs or predispositions for
hereditary diseases (14). It is important to realise the different healthcare contexts of IFs that
are identified in constitutional testing and IFs that are revealed in somatic testing. Patients
who participate in somatic testing may have an advanced disease, pursue effective
therapeutic options (instead of a diagnosis) and rarely received pre-test counselling that could
have warned for the potential discovery of pathogenic germline variants (14, 15). In this
dissertation, the focus is on IFs and SFs that can be identified during constitutional testing for
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hereditary Mendelian diseases, more specifically for the testing of inherited retinal diseases
(IRDs).

IRDs represent a large group of clinically and genetically heterogeneous eye disorders that are
a major cause of early-onset blindness (16, 17). IRDs have an estimated collective prevalence
of 1 in 2000, affecting about two million people worldwide (16). IRDs are characterised by a
progressive degeneration of rod and cone photoreceptors and/or retinal pigment epithelium
and include both isolated conditions (for instance retinitis pigmentosa, cone-rod dystrophy,
Leber congenital amaurosis or Stargardt macular dystrophy) and syndromic conditions (for
instance Bardet-Biedl syndrome and Usher syndrome) (18-20).

IRDs demonstrate a significant phenotypic heterogeneity, which means that a specific genetic
variant can result in a variety of symptoms that are expressed in variable degrees (18). A
patient’s symptoms may evolve over time and different types of IRDs may phenotypically
overlap (18, 20). These factors complicate or preclude the assessment of a specific diagnosis
on merely clinical grounds (18, 20). IRDs also demonstrate a tremendous genetic
heterogeneity, which means that one specific IRD phenotype may be associated with a large
group of genes and variants (18, 21). To date, IRDs have been associated with pathogenic
variants in over 270 disease genes (16, 17). This genetic heterogeneity makes WES-based
testing a suitable approach for genetic testing.

For most IRD subtypes no treatments are currently available but important progress is
currently being made in gene-based therapies for IRDs with Luxturna™ as an example of the
first US Food and Drug Administration (FDA)-approved gene therapy (22, 23). In the context
of gene therapeutic trials of IRDs, a definite and early genetic diagnosis is particularly
important for both minors and adults. In this dissertation, we focus on situations where
competent adults with an IRD have been genetically tested mainly because of diagnostic,
prognostic and/or potentially therapeutic reasons.

Like in any case of NGS-based constitutional genomic testing, IFs may be identified by genetic
testing for IRD. Lee et al., for instance, have reported on the disclosure of an IF in the BRCA2-
gene and an IF in the MSH6-gene in patients symptomatic for IRD but without personal or
family history of the IF-associated genetic predisposition (20). The study mentioned no further
details on professionals’ decision making process concerning disclosure or on patients’
perspectives or preferences concerning IFs. In this dissertation, however, these issues will be
of central importance.

55



2.3. References

1. Lohn Z, Adam S, Birch PH, Friedman JM. Incidental Findings from Clinical Genome-Wide
Sequencing: A Review. ] Genet Couns. 2014;23(4):463-73.

2. Wolf SM, Lawrenz FP, Nelson CA, Kahn JP, Cho MK, Clayton EW, et al. Managing
incidental findings in human subjects research: Analysis and recommendations. Journal of Law
Medicine & Ethics. 2008;36(2):219-48.

3. Ormond KE, O'Daniel JM, Kalia SS. Secondary findings: How did we get here, and where
are we going? J Genet Couns. 2019;28(2):326-33.
4, Hastings R, de Wert G, Fowler B, Krawczak M, Vermeulen E, Bakker E, et al. The

changing landscape of genetic testing and its impact on clinical and laboratory services and
research in Europe. Eur J Hum Genet. 2012;20(9):911-6.

5. Mackley MP, Capps B. Expect the unexpected: screening for secondary findings in
clinical genomics research. Br Med Bull. 2017;122(1):109-22.
6. Christenhusz GM, Devriendt K, Dierickx K. To tell or not to tell? A systematic review of

ethical reflections on incidental findings arising in genetics contexts. Eur J Hum Genet.
2013;21(3):248-55.

7. Knoppers BM, Nguyen MT, Senecal K, Tasse AM, Zawati MH. Next-Generation
Sequencing and the Return of Results. Cold Spring Harb Perspect Med. 2016;6(10):10.

8. Dheensa S, Shkedi-Rafid S, Crawford G, Bertier G, Schonstein L, Lucassen A.
Management of Incidental Findings in Clinical Genomic Sequencing Studies. elS. 2016.

9. Souzeau E, Burdon KP, Mackey DA, Hewitt AW, Savarirayan R, Otlowski M, et al. Ethical
Considerations for the Return of Incidental Findings in Ophthalmic Genomic Research. Transl|
Vis Sci Technol. 2016;5(1):11.

10. Jackson L, Goldsmith L, O'Connor A, Skirton H. Incidental findings in genetic research
and clinical diagnostic tests: A systematic review. American Journal of Medical Genetics Part
A.2012;158A(12):3159-67.

11. Matthijs G, Souche E, Alders M, Corveleyn A, Eck S, Feenstra |, et al. Guidelines for
diagnostic next-generation sequencing. Eur J Hum Genet. 2016;24(1):2-5.

12. Kleiderman E, Avard D, Besso A, Ali-Khan S, Sauvageau G, Hebert J. Disclosure of
incidental findings in cancer genomic research: investigators' perceptions on obligations and
barriers. Clinical Genetics. 2015;88(4):320-6.

13. Yu JH, Jamal SM, Tabor HK, Bamshad MJ. Self-guided management of exome and
whole-genome sequencing results: changing the results return model. Genet Med.
2013;15(9):684-90.

14. Yushak ML, Han G, Bouberhan S, Epstein L, DiGiovanna MP, Mougalian SS, et al. Patient
preferences regarding incidental genomic findings discovered during tumor profiling. Cancer.
2016;122(10):1588-97.

15. Bijlsma RM, Wouters RHP, Wessels H, May AM, Ausems M, Voest EE, et al. Managing
unsolicited findings in genomics: A qualitative interview study with cancer patients. Psycho-
Oncol. 2018;27(4):1327-33.

16. RetNet. https://sph.uth.edu/retnet/disease.htm. Accessed October 2019.

56



17. Cremers FPM, Boon CJE, Bujakowska K, Zeitz C. Special Issue Introduction: Inherited
Retinal Disease: Novel Candidate Genes, Genotype-Phenotype Correlations, and Inheritance
Models. Genes. 2018;9(4):10.

18. Lee K, Garg S. Navigating the current landscape of clinical genetic testing for inherited
retinal dystrophies. Genet Med. 2015;17(4):245-52.

19. Coppieters F, Ascari G, Dannhausen K, Nikopoulos K, Peelman F, Karlstetter M, et al.
Isolated and syndromic retinal dystrophy caused by biallelic mutations in RCBTB1, a gene
implicated in ubiquitination. The American Journal of Human Genetics. 2016;99(2):470-80.
20. Lee K, Berg JS, Milko L, Crooks K, Lu M, Bizon C, et al. High Diagnostic Yield of Whole
Exome Sequencing in Participants With Retinal Dystrophies in a Clinical Ophthalmology
Setting. Am J Ophthalmol. 2015;160(2):354-63.

21. Consugar MB, Navarro-Gomez D, Place EM, Bujakowska KM, Sousa ME, Fonseca-Kelly
ZD, et al. Panel-based genetic diagnostic testing for inherited eye diseases is highly accurate
and reproducible, and more sensitive for variant detection, than exome sequencing. Genet
Med. 2015;17(4):253-61.

22. Ledford H. FDA advisers back gene therapy for rare form of blindness. Nature News.
2017;550(7676):314.

23. Sahel JA, Dalkara D. Gene therapy for retinal dystrophy. Nat Med. 2019;25(2):198-9.

57



58



Chapter 3 - DISSERTATION OVERVIEW AND METHODS

59



60



3.1. Different levels and perspectives within this dissertation

The results section of this dissertation starts in chapter four with a critical study of the debate
on IFs and SFs in a context of clinical ES/WES/WGS. Different phases in the international
discussion will be identified, as well as the various levels of the discourse.

The 2013 ACMG recommendations will take a central role in this study, as they have
intensively stimulated the international debate. The recommendations will be compared with
other (Europe, US and Canada based) policy documents and professional controversies will be
assessed. The updated ACMG recommendations of 2015 will be introduced as a second phase
in the debate in which, however, important points of discussion could not be solved. In parallel
with the two phases of the debate, major points of discussion will be orientated at three
different but interconnected levels, being a terminology, policy and value level. Subsequently,
the intrinsic interaction between these levels and the reciprocal sustainment of unsolved
questions will be made explicit. The acknowledgement of this interaction will be emphasised
as an important condition for future debates on IFs and SFs that want to transcend artificially
isolated problems. Finally, as an additional complement to the debate, the inclusion of a
genuine patient perspective will be encouraged.

Chapters five, six and seven present the results of two comprehensive empirical studies that
were conducted to answer the central research questions of this dissertation. Chapters five
and six will answer the first research question (“How do genetic professionals in Belgian CMGs
report IFs and SFs in NGS-based clinical genomic testing in adults and how do they perceive
the (ethical) motives for and consequences of this disclosure? ”). Subsequently, chapter seven
answers the second research question (“How do genetically tested adult patients perceive the
potential disclosure of IFs and SFs and how do they assign meaning to these potential
results?”).

In the interrogation of both professionals and patients, an in-depth examination and
understanding of stakeholder perspectives, current and future practices and lived experiences
was pursued. Therefore, a qualitative approach was chosen for both empirical studies. Such a
qualitative approach allows for rich narratives and a considerable freedom of speech (1). As
gualitative approaches are holistic and context-oriented, they aim to analyse the expressed
perspectives without reducing their complexity (2). This way, new points of concern and new
interpretations of examined concepts may emerge from the data and these may expand or
reorient current discussions.

For both qualitative studies, an extensive procedure was developed to ensure the
trustworthiness and reliability of the data collection, analysis and reporting. This procedure
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combined elements of peer debriefing and a systematic audit trail (3). One co-researcher
conducted a secondary analysis of a subset of the data. Subsequently, transcripts, code
schemes and thematic structures were intensively discussed.

3.2. Professional perspective

The first qualitative study, focussing on the professional practice and perspective concerning
IFs and SFs, did not aim for individual or role-specific views but for the integrated perspective
of a group of professionals and is consequently designed as a focus group study (4). Focus
groups stimulate discussion and interaction between participants and allow for a co-
construction of meaning (4, 5).

Focus group participants were recruited in the eight Belgian CMGs. To encourage an open
discussion between colleagues, one focus group discussion in every CMG was considered most
appropriate and a representative group of professionals who are experienced with NGS-based
genomic testing was pursued for every discussion. Multidisciplinary groups, including both
clinical geneticists, clinical laboratory geneticists and possibly other genetic professionals such
as genetic counsellors, nurses and bio-informaticians, were aimed for.

In every focus group, a semi-structured interview guide was used. This interview guide was
created after a thorough study of the literature and was evaluated by the multidisciplinary
team of co-researchers, including an ethicist, a geneticist and a philosopher. The interview
guide consisted of open-ended questions and focussed on the return of IFs and SFs to adults,
preconditions for disclosure, ideas on future policy, challenges and difficulties, duties of
genetic professionals and CMGs, the impact of international recommendations, counselling
procedures and personalised healthcare procedures.

At the outset of every focus group, the focus on a context of clinical NGS-based testing for
monogenic diseases was emphasised, excluding preconception, prenatal, screening and
research contexts. Focus group data were analysed thematically, inductively and unrestricted
by a priori theoretical concepts (6).

Chapter five presents the focus group study results regarding reporting practices concerning
IFs and SFs in Belgian CMGs. Used criteria for reporting will be identified, as well as their
sometimes challenging interpretation, application and interaction. This way, the scope of
reportable results, now and in the future, will be delineated and the similarities and
differences between CMGs will be demonstrated. Also points of discussion and individual
disagreements between participants of the same genetic centre will be addressed.

Correspondingly, these study results reflect the extent to which international policy guidelines
are actually incorporated in practice and which elements of recommendations are most
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feasible and challenging in efficient policymaking. Finally, chapter five discusses how
(inter)national guiding frameworks for disclosure should be balanced with patient-specific,
case-by-case deliberations.

Chapter six discloses the results of the focus group study regarding underlying ethical values
for the disclosure of IFs and SFs. International literature frequently refers to prima facie values
regarding respect for patient autonomy, professional non-maleficence and beneficence.
Chapter six empirically identifies how these and other values are considered in actual
reporting practices for IFs and SFs and how potential value conflicts are weighed.
Subsequently, the way these values are invoked to support and defend disclosure practices is
critically reflected upon. Concepts of genetic literacy, soft paternalism, normative rationality
and distributive justice will turn out to be important in this ethical consideration.

Chapter six can be situated within the spectrum of empirical bioethics where ethical issues are
not considered from a purely theoretical or a priori ethical perspective but also from an
empirical approach as “ethics-in-action” (7). In empirical bioethics, the empirical and
normative perspective are considered necessarily related and they are integrated in a way
which allows a refinement and adjustment of both poles (8, 9). In comparison with a
theoretical and more general ethical analysis, an empirically informed analysis is regarded as
more sensitive to a particular context and hence more relevant for actual practice (9, 10). A
reflective equilibrium or coherence between ethical theory, principles, policy concerns and
empirical data (including, for instance, the contextualised experience and perspective of
important stakeholders) is pursued (9). This way, the chance to successfully implement the
outcome of moral reasoning is considered to be higher (9, 10). Important to mention is the
pragmatic and dynamic character of the reflective equilibrium: the equilibrium is merely an
attempt towards but never the full realisation of a “better” ethical system; moral problems
require constant revision because of an ever-changing social and technological context (10).

3.3. Patient perspective

As a complement to the professional point of view, a second qualitative study was conducted
to pursue a conceptualisation of IFs and SFs from the perspective of patients. This study was
designed as an interview study and investigated how patients with lived experiences of illness
and genetic testing perceive the possible disclosure of IFs and SFs. More particularly, the
perspectives of adults who have been genetically tested for an IRD were examined, with a
particular focus on the meaning they assign to potential IFs and SFs. The choice for this
particular group of participants was guided by these people’s lived experience of severe,
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chronic and currently untreatable illness and their experience with genetic testing.
Participants were recruited in a university hospital and a semi-structured interview guide, also
evaluated by the multidisciplinary team of co-researchers, was used. Open-ended questions
focussed on participants’ lived experience of IRD and genetic testing, the possibility and
potential consequences of IFs and SFs and important elements for the interpretation of IFs
and SFs from a patient perspective. An interpretative phenomenological analysis was used to
examine and interpret the lived experiences of participants and the way they give meaning to
the concepts of IFs and SFs (2, 11).

Chapter seven presents the results of this interview study and outlines a context-inclusive
interpretation of IFs and SFs from a patient perspective. Three main components will be
identified in the meaning structure of IFs and SFs, namely result-specific qualities, lived iliness
experience and family embedding. These components will be profoundly analysed, as well as
the interaction between these components. Finally, some ideas are expressed on the impact
of the complex, context-dependent meaning of IFs and SFs on effective counselling strategies
for NGS-based diagnostic testing.

As well as chapter six, chapter seven can be situated in the domain of empirical bioethics.
However, a more continental approach to empirical ethics is applied in this chapter. This
means that explicit attention is paid to patients’ embodied singularity and relational context
in the consideration of their illness experience (12). Patients’ lived experiences are considered
essential for ethical and effective healthcare policies and these are analysed irrespective of
concepts and principles that are settled in advance (13). The lack in continental bioethics of
traditional and normative terminologies (such as autonomy, rights or duties) should not be
interpreted as favouring the empirical over the normative but as developing a new vocabulary
of the normative in terms of, for instance, embodiment, singularity and interdependence (12).

At the outset of this dissertation, neither the professional perspective nor the patient
perspective is deemed to be a priori decisive. Knowing and understanding both perspectives
on IFs and SFs is considered quintessential to eventually elaborate a relevant and effective
policy (14).
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4.1. Abstract

Incidental or secondary findings (ISFs) in whole exome or whole genome sequencing have
been widely debated in recent literature. The American College of Medical Genetics and
Genomics’ recommendations on diagnostic ISFs have strongly catalysed the discussion,
resulting in worldwide reactions and a variety of international guidelines. This article will
outline how propositions on levels of terminology, policy, and underlying values are still
internationally criticized and adjusted. Unsolved questions regarding ISFs include a suitable
terminology, adequate counselling or informed consent procedures, opt-out possibilities,
reporting ISFs to (parents of) minors and values regarding professional duty, patient
autonomy, and actionability. These questions will be characterized as intrinsically related and
reciprocally maintained and hence, symptomatic, single-level reflections will be marked as
ineffective. Instead, a level-integrative approach of the debate that explicitly acknowledges
this interaction and considers a balance between internationally significant and case-specific
solutions, will be advocated. Second, the inclusion of a patient perspective will be strongly
encouraged to complement the professional preponderance in the current debate. The
examination of lived patient experiences, a qualitative focus on the subjective meaning of ISFs,
and a contextualization of meaning processes will be suggested as specific concretizations.
This integrative and inclusive approach aims for a more comprehensive understanding of ISFs,
a consideration of all relevant stakeholders’ perspective and, ultimately, an effective health-
care policy.

4.2. Introduction

Incidental findings (IFs) or secondary findings (SFs), being results unrelated to the initial
indication for genetic testing, have aroused a vast debate in the literature on whole exome
sequencing (WES) or whole genome sequencing (WGS) (1-3). The initial (2013)
recommendations on diagnostic IFs by the American College of Medical Genetics and
Genomics (ACMG) have initiated the discussion, while the updated ACMG guidelines of 2015
can be perceived as the start of a second and reoriented debate phase (4, 5). As a stimulating
precedent, the ACMG guidelines have had an international impact, as (explicitly) confirmed in
the many statements that were released shortly after them. When comparing these
international documents, a diversity in terminology and policy guidelines on incidental or
secondary findings (ISFs) can be identified, which has resulted in currently unsolved points of
discussion. “ISFs” is used in this article as a working term ad interim, referring to the entirety
of both deliberately pursued and accidentally found results that are unrelated to the
indication for diagnostic genetic testing, however irrespective of any further specification
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concerning (clinical) validity or utility, policy or values as suggested by existing literature.
Rather than taking a final stance in this debate, this article will explicitly indicate the link
between the level of semantic choices and the second level of policy recommendations.
Finally, commonly cited (bioethical) values will be integrated as a third level. The elaboration
of this three-levelled overview of pertinent discussions on ISFs in current literature will, first,
reveal how unsolved problems on one particular level affect the overall, international debate
and hence how all problems and levels are intrinsically connected. Subsequently, the lack of a
genuine patient perspective will be identified as a second obstacle for the debate. Therefore,
a level-integrative approach, which explicitly recognizes the levels’ interaction, and a patient-
inclusive approach will be suggested as necessary steps toward a better understanding of and
effective debate on ISFs.

Although the evolution of WES/WGS dissolves the border between diagnostics and both
research and screening, this reflection is focused on a diagnostic context, where symptomatic
patients enter the health-care system with a specific question (6). This diagnostic situation is
considered to be substantially different from a research, screening or direct-to-consumer
context with asymptomatic patients/ participants, where the distinction between primary
results and ISFs might be even more complex.

4.3. Phase 1: Incidental findings

Referring to a common phenomenon in medicine, ACMG adopted the terminology of IFs in its
initial recommendations of 2013 and defined them as “[...] results that are not related to the
indication for ordering the sequencing but that may nonetheless be of medical value or utility
[...]” (4). However, labelling findings as incidental in a context of WES/WGS has been
terminologically criticized as paradoxical, because discovering numerous variants is intrinsic
to these techniques (7, 8). Moreover, the characterization of results as incidental has been
considered, also by patients, to suggest a sense of insignificance, which is inappropriate in
situations of life-saving findings (9, 10).

ACMG’s policy recommendations revealed a more specific understanding of IFs than the
definition suggested. A standard analysis and report of (likely) pathogenic variants (class 5 and
class 4 variants that, respectively, affect and probably affect function, including the
importance of a contextualized interpretation and the absence of a 100% certainty regarding
pathogenicity and penetrance) in a minimum list of 56 highly-penetrant and medically
actionable genes was recommended in any case of diagnostic WES/WGS, irrespective of the
indication for testing and of the patient’s age and preference (4, 11-13). This implicated the
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obligatory report of IFs concerning both early- and adult-onset conditions to adults and to
(parents of) minors. This recommendation has, again, evoked semantic comments, as it is
paradoxical to qualify intentionally sought results as incidental (9). Therefore, ACMG’s parallel
reasoning, in which reporting genomic IFs was compared to reporting unexpected radiological
anomalies, has also been doubted (4). While the radiological detection of additional findings
cannot be avoided, genomic IFs are oftentimes not inevitable but they are an additional
targeted test or they can be covered by use of bioinformatics filters (13, 14). Also the
difference between detecting an actual disorder versus a (future) probability has been
regarded as discrediting the parallelism (15). However, criticism has exceeded the
terminological level and the intentional and mandatory analysis and report of IFs have been
fundamentally questioned. First, in an explicit reaction to the ACMG recommendations, the
Association of Genetic Nurses and Counsellors (AGNC) has stated that intentionally looking for
additional results that exceed the indication for a test or consult, is not a routine action in
general medical practice (16). Moreover, the deliberate search for IFs can blur the boundary
between diagnostics and screening. This hybridization is, however, not unproblematic, as
diagnostics and screening imply different duties, expectations, and values, for both patients/
participants and professionals (17, 18). It can also stimulate a trend of medicalization, in which
additional screening is a priori considered as beneficial while it can actually result in an
overload of (uncertain) information and a group of “patients-in-waiting” (19, 20).
Nonetheless, ACMG seemed to consider this blurring delineation as unproblematic and
referred to IFs as “opportunistic screening” (4). The Presidential Commission for the Study of
Bioethical Issues (Bioethics Commission) has questioned this “better safe than sorry” attitude,
as opportunistic screening might hold additional risks instead of an actual improvement of
care (20). Second, obligatory reporting results, also against patients’ will, violates the general
medical practice and policy (19). Therefore, the Bioethics Commission has upheld the respect
for a patient’s choice not to be informed about ISFs (20). Despite its recommendation to report
serious and actionable IFs, also the European Society of Human Genetics (ESHG) has stressed
how, in general, patients should be able, like in every presymptomatic genetic test setting, to
apply and change their preference regarding the disclosure of results (8). Also a survey among
US-based genetic counsellors about the ACMG guidelines’ implementation confirmed the
preference for an opt-out possibility of IFs (21). Regarding the mandatory report of results
about adult-onset conditions to (parents of) minors in particular, the AGNC and others have
stated how this practice is incompatible with general paediatric genetic testing (13, 16, 22).

Ultimately, the policy discussion was grounded in a different prioritizing of values. Promoting
the active search for IFs, ACMG referred to the professional duty of avoiding harm, both
toward patients and their families (4, 11). Fully respecting this value implicated informing
(parents of) minors about IFs concerning adult-onset conditions, as it might be the only
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opportunity to avoid serious future morbidity in the child’s relatives (4, 23). This way, ACMG’s
exception on declining presymptomatic tests in minors for adult-onset conditions was justified
by a family-wide conception of health benefits (23, 24). In an explicit reflection on the ACMG
and ESHG guidelines, also the Canadian College of Medical Geneticists (CCMG) has stated how
this practice, in case of unintentional IFs, might be opportune when it can avoid serious
medical harm and when explicitly requested by the parents (25). This point of view was shared
by laboratory professionals who theoretically did not differentiate between reporting IFs to
adults or (parents of) minors and by clinical geneticists and genetic researchers who have
considered the return of adult-onset results in minors as possibly opportune (26-28). Also
parents considered the possibility of receiving these results as a positive opportunity for
additional information about themselves (29). In contrast to the obligatory report of IFs, critics
have stressed the professional duty to respect the medical choice of (parents of) patients,
including the wish not to be informed, and this in respect of the fundamental value of (future)
patient autonomy (13, 19, 22, 30). Therefore, in a reply to the ACMG recommendations, the
Public Health Genetics (PHG) Foundation has stated that denying a patient’s consent in
opportunistic screening is an unethical practice (31). Also a US-based expert forum on the
ACMG recommendations stressed the professional duty of respecting patients’ right not to be
informed (32). ACMG recognized how its recommendations collided with ethical values but
explicitly confirmed that, in this case, the duty to avoid harm exceeded the value of autonomy

(4).

Possibly, ACMG’s position was motivated by the specific US health-care context and by fear of
legal consequences for not reporting “all available information”. However, it has been argued
that the ACMG recommendations even enlarge liability risks, as professionals might be sued,
e.g., for delayed disclosure or failure of re-evaluating sequence data, or, on the other hand,
for needless or harmful follow-up for IFs (33). Moreover, the frequently divergent claims of
other US-based professionals and policy groups threaten the absolute weight of the liability
concern (13, 20, 22). Finally, a European versus US geographical background turned out to be
of no significant impact on professionals’ attitude toward the return of IFs (34, 35).

4.4. Phase 2: Secondary findings

In response to the terminological critique on IFs, alternatives such as “unsolicited”,
“unanticipated”, or “unexpected” findings, or “secondary variants” have been suggested (7-9,
36). The Bioethics Commission has chosen a multiple vocabulary and has discerned
anticipatable and unanticipatable IFs, SFs and discovery findings (20). Partly in line with this

III

terminology, ACMG has revised its vocabulary from “incidental” to “secondary” findings, as
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this term acknowledges the intentional search for additional pathogenic variants (5, 12, 37).
However, none of all the terminological suggestions have remained free of objections, as they
might deny a professional’s competence to anticipate specific variants, neglect different
expectations of different stakeholders, or overlook cases where no primary result has been
found (2, 9, 20, 38).

The adjustment of ACMG’s vocabulary has coincided with a major change in its recommended
policy as a possibility of opting out of SFs has been offered to patients (5). Nonetheless, the
idea of, even voluntary, opportunistic screening is incompatible with the intrinsic questioning
of SFs by some policy groups. As part of the professional duty of non-maleficence, the
Bioethics Commission has advocated “therapeutic parsimony”, being a selectivity in chosen
tests or interventions, and “diagnostic elegance”, being a limitation of potential diagnoses.
Therefore, in general, targeted testing is considered as more suitable, as it inhibits the possible
downstream of medical, financial, and psychological procedures after identifying ISFs (20). In
order to avoid ISFs and their high-cost impact on patients, families, and society, the CCMG,
ESHG, and EuroGentest have also recommended, in explicit reflection on previous guidelines
such as those of ACMG, an initial targeted testing and a justification of WES/WGS in terms of
necessity and proportionality (6, 8, 25).

ACMG’s adjusted possibility for opting out of SFs has reinstated the value of patient
autonomy. However, on an international level, the absolute versus relative weight of this
value and its application to IFs, SFs, or both are unclear. ACMG has made no explicit notion of
cases where opt-out is or should be impossible for SFs and also the AGNC has defended
autonomy as “the heart of genetic counselling practice” in opportunistic screening (5, 16, 37).
The Bioethics Commission has, despite its claim for an opt-out possibility, only granted a
relative weight to autonomy: when ISFs are clinically significant, of serious health importance
and actionable, a “prudent professional judgment” should be made and the patient’s opt-out
choice should be respected “to the extent consistent with the clinician’s fiduciary duty” (20).
Also the ESHG and the PHG Foundation have affirmed how the right not to know IFs does not
always exceed the professional duties of beneficence and non-maleficence, e.g., when the
information might be actionable and relevant for patients themselves and/or their (future)
family (8, 31).

4.5. Medical actionability

In both ACMG’s initial and updated recommendations, medical actionability, being the
possibility of an improved clinical management by medical treatment or prevention, has been
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displayed as a fundamental value (3, 39). In 2016, a semiquantitative metric to score genes
regarding their medical actionability has been elaborated, using the criteria of severity and
likelihood of disease outcome, efficacy and acceptability of the intervention, and the
knowledge-base regarding the previous four criteria (40). No reference is made to the possible
disease outcomes for a patient’s family or (future) offspring, neither to interventions as
patient-performed actions such as lifestyle changes or reproductive choices. Consequently,
actionability is conceived as the possibility of strictly medical, professionally performed
interventions toward the actual patient. In accordance with this metric, ACMG has updated 5
genes on its initial list, resulting in a minimum list of 59 genes (12, 37). This semiquantitative
definition of medical actionability has been widely criticized and, as a first comment, it has
been mentioned, e.g., by the Bioethics Commission, how difficult it can be to exactly assess
the true medical value and actionability of ISFs at the moment of discovery (20). Variants can
have an unknown pathogenicity when discovered in asymptomatic persons and their
significance depends on further investigations, of both patients and their family (1, 13, 19).
Hofmann (41) even claims how the ACMG list mainly consists of findings of uncertain
significance and of results which lack accuracy and actionability. As a second critique, the
required professional knowledge to assess a gene’s medical actionability and the
generalization of a professional criterion into a universal value have been blamed to result in
a degree of paternalism that is incongruent with the current, pluralistic, and patient-centred
society (14, 39). Finally, it should be noticed how ACMG’s use of this semiquantitative metric
contradicts its previous argument of a family-wide health interest in case of ISFs concerning
adult-onset conditions in minors.

In order to deny the monopoly of a strictly medical and professional actionability, a wide
spectrum of alternatives has been suggested. Moret et al. (42) assert a concept of actionability
that discerns well-established medical actions, patient-initiated health-related actions, and
patient-initiated decisions exceeding health, such as reproductive choices. Stivers and
Timmermans consider actionability as an interactional value that is created in the relation
between (parents of minor) patients and clinicians. Even if genetic results do not change
(parents of minor) patients’ (medical) actions, they can be actionable in various meaningful
ways, e.g., by facilitating specific services (e.g., educational services for disabled children) or
by changing psychological experiences or reproductive choices. Hence actionability is not an
objective, medical criterion but is determined by (parents of minor) patients’ personal, social,
reproductive, etc. context (43). Concepts of actionability that surpass a medical focus
acknowledge the personal utility of genetic information and consider warning at-risk relatives
and adjusting behaviour or reproductive choices as valuable actions, a perception also shared
by the Bioethics Commission (14, 20, 30, 39). This extended actionability approach also
recognizes an intrinsic value of genetic knowledge per se, irrespective of any practical use.
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Various stakeholders (professionals, patients, research participants, and the general public)
have supported this idea and have preferred to return or receive “all results”, regardless of
their actionability (36, 39, 44). In line with this enlarged concept of actionability, the PHG
Foundation’s list of disclosure criteria for ISFs includes, e.g., the age and general condition of
the patient, which suggests a more diverse spectrum of reportable results that exceeds
medical actionability (31).

4.6. A level-integrative and patient-inclusive approach

Despite ACMG’s adjustment of its vocabulary, recommended policy, and prioritized value,
international disagreement has remained (Figure 1).
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Terminology

Values

ACMG

Critics

ACMG

Critics

Incidental findings (IFs)

Incoherent with

. Technically
intrinsic detection

. Possible
importance

Secondary findings
(SFs)

Various alternatives:
unsolicited/unexpected
/unanticipated/
discovery findings, etc.

Purposeful and
mandatory analysis and
report of (likely)
pathogenic variants in a
minimum list of 56
highly-penetrant,
medically actionable
genes

* Semantic paradox

* Invalid parallel
reasoning

* Incoherent with
general medical
practice, policy on
patients’ choice and
paediatric testing

* Blurring boundary
diagnostics/
screening

* Stimulating
medicalization

Possibility of opting out
of SFs, as absolute, pre-
test decision

Intrinsic questioning of

SFs

* Choosing targeted
testing if possible

* Only WES/WGS if
necessary and
proportional

» Avoiding IFs and SFs

Professional duty to
avoid harm in patients
and their family

Incoherent with (future)
patient autonomy (of
minors)

Patient autonomy as
absolute value

Patient autonomy
as relative or unclearly
weighted value

ACMG

Medical actionability: scored by semiquantitative metric

Critics

Denial of

Problematic assessment of pathogenicity and actionability in asymptomatic persons
. Pluralistic and patient-centred society

. Previous family-wide concept of health benefits

. Large spectrum of possible meanings of actionability
(personal/psychological/social/reproductive/intrinsic value)

Figure 1 Two-phased, three-levelled debate on ISFs
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On terminology level, alternative terms for ISFs are still suggested and used inconsistently,
keeping consensus out of reach (7). It also generates a vagueness in policy publications on
whether they actually apply to IFs, SFs, or both. On policy level, adequate counselling and
informed consent procedures are a general problem regarding ISFs. The evolution toward
WES/WGS, providing an enormous amount of information, challenges which information and
counselling are required to realize a truly informed consent and a satisfactory understanding
of (additional) results (44, 45). Professionals and sometimes (parents of minor) patients
themselves have expressed their concern about a limited understanding of WES/WGS, an
ignorance that might partially explain people’s desire to receive a very broad range of




(additional) results (29, 44, 46). More fundamentally, the feasibility and effectiveness of
traditional pre-test procedures in which a large amount of complex information is provided,
have been queried (45). To avoid an overload of information and to realize an enhanced
understanding, alternative consent procedures have been elaborated, in which binning
systems, which (partially) allow (parents of minor) patients to choose which categories of
possible results to receive, have been frequently suggested. Berg et al. already elaborated a
categorical framework for IFs, where “bin 1 findings”, consisting of (likely) pathogenic variants
in medically actionable genes, were recommended to report. The return of (likely) pathogenic
variants in clinically non-actionable genes depended on a shared decision-making between
the (parents of the) patient and the professional, whereas genes and variants of unknown
significance should never be reported, as their informative value is unclear (47, 48).
Elaborating on such binned systems, tiered/layered procedures of consent have been
suggested, where a default package of necessary information is presented to all (parents of
minor) patients, while more detailed information is only selectively provided, depending on
specific information needs and result preferences (49, 50). Despite the usefulness of these
systems, an effective integration in clinical practice is still impeded. First, some categories or
bins lack an exact definition, with the concept of actionability as specifically problematic (42).
Second, professionals have disagreed if a patient’s age can affect the return of specific
categories of results, an issue related to the return of ISFs regarding adult-onset conditions in
minors (51, 52). Third, despite these binned, tiered, or layered consent procedures, it has been
suggested that, in general, too much focus has been put on the informational aspect of
counselling and that instead, more attention should be paid to its interactional, collaborative,
and ethical nature (45). Besides this general challenge of an adequate counselling process for
ISFs, also the policy on opting out requires further clarification. Related to the terminological
vagueness, it is, e.g., unclear whether ACMG’s and AGNC's opt-out possibility only applies to
SFs or also to IFs, a question also linked to the undetermined weight of patient autonomy. A
similar vagueness occurs in the Bioethics Commission’s recommendation on balancing
patients’ possible opt-out preference versus professional duties regarding both IFs and SFs.
The ESHG and EuroGentest have plead for a clear opt-in and opt-out protocol regarding ISFs,
both for adult and minor testing, but again, no specificities have been given (6, 8). The policy
of avoiding ISFs and intentionally covering results by bioinformatics filters raises ethical
guestions because, even though these results are masked for the professional eye, they still
exist. It is unclear if this mask actually eliminates the professional duty to avoid harm, an issue
also referred to by the Bioethics Commission’s claim that the fiduciary duty does not allow
professionals to filter additional results exclusively in order to avoid responsibility (17, 20).
Also the practice of reporting ISFs (especially those related to adult-onset conditions) in minor
testing still raises doubts, on both policy and value levels. An interest has been shown in
results that are not (yet) relevant for tested (minor) patients themselves, hence it is debatable
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if (minor) patients’ results can be used for others’ possible benefit or if this is an unacceptable
instrumentalization (24). A thorough reflection is needed on values such as (future) autonomy
and the right not to know, and whether these values, in the context of current genetics, still
have their traditional meaning or if they are in need of a conceptual update.

Regarding the value of actionability, a feasible concept should be elaborated that can
effectively guide practice and policy. Berg’s semiquantitative metric for medical actionability
seems a straightforward procedure to classify ISFs, but a gene’s correct categorization can be
difficult (14, 37, 53). For example, scoring a gene on the severity of its outcome or scoring an
intervention on efficacy is ambiguous when the gene is associated with multiple outcomes or
when different interventions are available. It is undecided in these cases whether the most
severe or the most likely outcome should be scored or whether very radical interventions
should also be considered (53). Moreover, the likelihood of a possible disease outcome and
the efficacy and acceptability of an intervention are partly determined by (the parents of) a
patient’s characteristics and context, an argument also recognized by Berg himself (40). These
pitfalls of a rigorous metric show the difficulty to measure actionability by merely medical
criteria and the need to find common ground for patients, parents, and professionals on the
wide spectrum between a strictly medical interpretation and more subjective and
contextualized interpretations.

The aforementioned problems regarding ISFs clearly demonstrate a reciprocal
interdependence and hence a strong unity of terminology, policy, and values. The
terminological vagueness is reflected in ambiguous guidelines, while the unsettled meaning
and weight of ethical values fail to support effective policy recommendations (31). Denying
this constant interaction results in limited answers to only partial problems and inhibits an
adequate approach of the overall debate. Therefore, as a first recommended approach to the
debate, an absolute integration of all levels in every consideration of ISFs is strongly advocated
and a withdrawal of symptomatic questions that neglect this interaction is an absolute
necessity. This level-integrative approach does not demand the instant and simultaneous
solution of all aforementioned problems, nor the pursuit of an international consensus on all
levels. However, the debate on ISFs should acknowledge how terminological choices and
policy recommendations lack solidity when the underlying levels (of policy and/or values), to
which they always (implicitly) refer, are disregarded. This lacking solidity inhibits an effective
implementation of level-specific decisions, which can result in a diversified practice, an
inequity in access of care and a suboptimal organization of care. On an international level,
unsolid and largely heterogeneous answers on terminology, policy, and value problems can
undermine the guidance and efficacy of these answers and erode the significance of important
principles and values (35). Nonetheless, pertinent ethical, legal, and societal differences exist,
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e.g., between the United States and Europe, which devaluates the aim of global guidelines (7,
35). Moreover, the casuistry of a patient’s specific context and a professional’s particular
judgment impede the idea of a strict uniformity (26). A level-integrative approach should
consider this balance between the pursuit of internationally significant answers and the
necessity of case-by-case solutions on all levels of the ISFs debate.

This level-integrative approach of the debate will still lack important information, as ISFs have
been mainly considered by (boards of) professionals. The experiences of (parents of minor)
patients who encounter the possibility of ISFs are largely unexplored, which further erodes
the debate. Hence, as a second recommended approach, an inclusion of the perspective of
actual end-users is advocated, as a necessary complement to the current professional, top-
down approach. Numerous publications have stressed the importance of the patient
perspective on ISFs but these calls have stayed too vague and have lacked actual realization
(4,13, 15, 20, 37).

Therefore, as a first concretization of the inclusion of a patient perspective, lived experiences
of (parents of) a real patient population should be pursued. Current research frequently
suffers from a hypothetical bias by interrogating people who have to simulate a different role
(e.g., of a patient, parent, or family member) or a different medical situation (e.g., having a
diagnostic question or being genetically tested). Hypothetical discussions, however, can be
very different from lived experiences, which is demonstrated in the increased selectivity in
preferred ISFs by patients with an actual experience of illness and genetic testing (11, 44).

Second, an explicit focus on (possible) ISFs” meaning and significance is suggested. Instead of
(quantitatively) measuring (parents of minor) patients’ evaluation of professional
classifications or recommendations, a qualitative insight in patients’ or parents’ subjective
meaning of ISFs is recommended. This objective is supported by the observation that
professionally determined categories or bins for ISFs, e.g., (medically) actionable results, do
not necessarily correspond with patients’ or parents’ perception (44, 48). This discrepancy in
terminology and underlying values between important stakeholders holds the risk to make
policy instruments ineffective. It is fully acknowledged that more inclusive and subjective
perspectives on actionability and other values challenge the counselling process and return of
results. Nonetheless, it is doubtful whether this is an acceptable excuse to deny personally
useful information to (parents of minor) patients.

Finally, the specific context of a patient’s subjective perspective on ISFs should be emphasized.
Patient-related factors such as patients’ or parents’ family history, social support, primary
condition, and previous experiences with genetic counselling can all mediate the meaning of
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ISFs (20, 39). This suggests that ISFs’ significance is not constructed by single-dimension
criteria (such as pathogenicity or actionability) but by a complex interaction of multiple,
contextualized criteria. Therefore, (parents of minor) patients might also favour more dynamic
or staged consent procedures, in which the validity of personal preferences is not limited to a
single pre-test moment. Having the possibility to give consent at several times, e.g., prior to
testing, prior to receiving (specifically preferred) results, and prior to updates about these
results, can allow to weigh values (e.g., actionability, professional duty, personal autonomy,
etc.) differently in different situations and to make specifically contextualized decisions. It also
allows that information and counselling are (repeatedly) provided and adjusted to evolving
scientific knowledge (48, 50). Finally, contextualized and dynamic policy procedures can
stimulate or necessitate a diversified terminology to cover the different meanings ascribed to
ISFs, which, again, confirms the intrinsic interaction of terminology, policy, and values
regarding ISFs (38).

4.7. General conclusion

Despite the international guidelines on ISFs, a complex interaction of various problems still
confiscates the debate, which impedes an adequate and effective implementation of the
promising techniques of WES/WGS. The diagnostic possibilities of these techniques are
captivating but the required knowledge to manage all results and additional information, is
challenging. A level-integrative and patient-inclusive approach to the debate on ISFs pursues
a more comprehensive understanding of ISFs. It explicitly recognizes, first, the intrinsic
interaction between the different levels of the debate and, second, the importance of a lived,
subjective, and contextualized patient perspective. Ultimately, the integration and alignment
of terminology, policy, and values, and the inclusion of all relevant stakeholders will support
the realization of an effective, well-grounded practice regarding ISFs.
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5.1. Abstract

Background: Incidental and secondary findings (IFs and SFs) are subject to ongoing discussion
as potential consequences of clinical exome sequencing (ES). International policy documents
vary on the reporting of these findings. Discussion points include the practice of
unintentionally identified IFs versus deliberately pursued SFs, patient opt-out possibilities and
the spectrum of reportable findings. The heterogeneity of advice permits a non-standardised
disclosure but research is lacking on actual reporting practices. Therefore, this study assessed
national reporting practices for IFs and SFs in clinical ES and the underlying professional
perspectives.

Methods: A qualitative focus group study has been undertaken, including professionals from
Belgian centres for medical genetics (CMGs). Data were analysed thematically.

Results: All Belgian CMGs participated in this study. Data analysis resulted in six main themes,
including one regarding the reporting criteria used for IFs. All CMGs currently use ES-based
panel testing. They have limited experience with IFs in clinical ES and are cautious about the
pursuit of SFs. Two main reporting criteria for IFs were referred to by all CMGs: the clinical
significance of the IF (including pathogenicity and medical actionability) and patient-related
factors (including the patient’s preference to know and patient characteristics). The consensus
over the importance of these criteria contrasted with their challenging interpretation and
application. Points of concern included IFs’ pathogenicity in non-symptomatic persons, IFs
concerning variants of uncertain significance, the requirement and definition of medical
actionability and patient opt-out possibilities. Finally, reporting decisions were guided by the
interaction between the clinical significance of the IF and patient characteristics. This
interaction questions the possible disclosure of findings with context-dependent and personal
utility, such as IFs concerning a carrier status. To evaluate the IF’s final relevance, a
professional and case-by-case deliberation was considered essential.

Conclusions: The challenging application of reporting criteria for IFs results in diversified
practices and policy perspectives within Belgian CMGs. This echoes international concerns and
may have consequences for effective policy recommendations.

Keywords

Incidental findings, Secondary findings, Clinical exome sequencing, Disclosure, Professional
practice, Focus groups, Qualitative research
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5.2. Background

Incidental findings (IFs) and secondary findings (SFs), which are variants in known disease
genes unrelated to the diagnostic indication, are subject to ongoing discussion as potential
consequences of clinical exome sequencing (ES) (1-3). Since ES simultaneously covers all
coding regions of a patient’s genome, results unrelated to the diagnostic question can be
found unintentionally, as IFs, or deliberately pursued, as SFs (2-5). As ES is increasingly
implemented for the diagnosis of monogenic diseases, various policy documents have been
published regarding IFs and SFs in the US, Europe and Canada (1-3, 5-8). However, these
documents differ on fundamental issues and none of them is accepted as the general
standard. Issues regarding (i) a practice of unintentional IFs versus actively pursued SFs, (ii)
patient opt-out possibilities and (iii) the spectrum of reportable findings remain unresolved
(9-11).

Firstly, the American College of Medical Genetics and Genomics (ACMG) has published highly
influential recommendations which advocate the routine analysis of an additional panel of 59
genes and the reporting of all (likely) pathogenic variants when performing clinical ES (2, 3).
Pathogenic (class 5) and likely pathogenic (class 4) variants can provide adequate grounds for
altering a patient’s surveillance or treatment (12). Class 3 variants of uncertain significance
(VUS), however, should not be considered as sufficient grounds for clinical decision-making
(12). Even though VUS might be reported when possibly relevant to the diagnostic question,
their reporting is not advised when identified as IFs (3, 4, 7, 8). According to the ACMG,
screening for (likely) pathogenic variants in the diagnostically unrelated gene panel should
occur in every case of clinical exome and genome sequencing, as a realisation of the
professional duty to avoid harm (2, 3, 10, 13). However, this opportunistic screening has been
criticised and the American Presidential Commission for the Study of Bioethical Issues
(Bioethics Commission) notes how it might entail additional health risks, overwhelm patients
with (ambivalent) information and stimulate a trend of medicalisation (5). Therefore, the
Bioethics Commission, and also EuroGentest, the European Society of Human Genetics (ESHG)
and the Canadian College of Medical Geneticists (CCMG), are more cautious in their guidelines
about reporting SFs and IFs (1, 5, 7, 8). They advocate a strictly necessary and proportional
application of ES and, if possible, (exome or genome-based) targeted panel testing, which only
analyses a subset of known disease-associated genes and hence minimises the possibility of
diagnostically unrelated IFs (1, 4, 7).

Secondly, the ACMG claims a patient’s right to opt out of deliberately pursued SFs (13). Taking
into account all other international policy documents’ advice of targeted testing and their

90



restraint towards SFs, wide agreement on this opt-out possibility might be assumed (1, 7, 8).
International statements are more vague, however, about opting out of unintentional IFs. The
Bioethics Commission, ESHG and Public Health Genetics (PHG) Foundation recommend that
professionals should make a “prudent professional judgement” (5) concerning their fiduciary
duty when a patient wants to opt out of an IF that is relevant, serious, and medically actionable
(i.e. enabling surveillance and preventive and/or therapeutic interventions) (1, 3, 5, 14). This
way, a patient’s right not to know might be overruled by a professional’s presumed duty to
avoid harm (3). Recently published points to consider for laboratories, however, as well as the
Canadian geneticists’ position statement, strongly advocate respect for a patient’s choice not
to know IFs (6, 8).

Thirdly, the specific spectrum of genes or conditions that should be considered as reportable
IFs or SFs, as well as the underlying reporting criteria, are strongly debated (15, 16). Lists of
conditions and associated genes (including the ACMG gene list) have been challenged by the
critique that variants might be classified differently or might be less penetrant and expressive
in asymptomatic persons (15). Hence the identification of IFs or SFs as predictive disease risks
might be doubted (17). Finally, the possibility of medical actionability has been stressed as an
important criterion for reportable IFs and SFs in various recommendations (1-3, 5). Even
though a semiquantitative metric has been developed as an attempt to assess medical
actionability objectively, this criterion has been criticized (10, 18). On the one hand, the mere
availability of a medical intervention does not guarantee its effectiveness, and many
interventions for conditions on the ACMG list are not supported in terms of their effectiveness
by clinical trials or professional guidelines (14). On the other hand, it has been suggested that
the definition of medical actionability is too narrow and should also include reproductive
choices or should be complemented by the criterion of personal utility (i.e. a personal interest
or benefit that goes beyond improved healthcare outcomes) (15, 19).

Recently, the persistent lack of accord among policy documents has been exemplified in an
international comparison of consent forms used for large gene panels, exome or genome
sequencing. About half of the studied forms did not indicate their policy on reporting IFs or
SFs and many used undefined terms (leaving the reference to IFs and/or SFs and
corresponding reporting practices unclear) (20). Moreover, the spectrum of reportable IFs and
SFs (if specified) as well as the options to opt in for or opt out of (specific categories of) findings
widely varied (20).

The diverse character of recommendations and consent forms and their inclusion of contested
terms and criteria permits a non-standardised practice regarding IFs and SFs. However, only a
limited amount of research has investigated the actual uptake of policy guidelines regarding
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IFs and SFs and has focussed on current reporting practices in a context of clinical ES. A US-
based survey identified diverse practices regarding the spectrum of reportable IFs and SFs
(which considerably exceeded the ACMG list) and different opt-in and opt-out possibilities
(21). Outside the US, two studies, each including laboratories from various countries, have
analogously reported a variety in reported IFs (22, 23). This study aims to further assess the
actual practice regarding IFs and SFs in clinical ES, as well as to investigate the underlying
professional perspectives. This research will also indicate which elements of international
policy documents have been incorporated in practice as being most relevant or feasible and
which elements demand further consideration or adjustment for efficient and successful
policymaking.

5.3. Methods

5.3.1. Recruitment and data collection

To achieve an in-depth understanding of the practice and policy regarding IFs and SFs, a
qualitative study was set up in Belgian centres for medical genetics (CMG). Belgium has eight
CMGs: three in the Flemish Region, two in the Walloon Region and three in the Brussels Capital
Region. Since the aim was not to find out individual or role-specific views but the integrated
perspective of each CMG, and to stimulate open conversation and interaction between
colleagues, one focus group in every CMG was considered to be most appropriate (24). A
purposive sampling approach was used to recruit a multi-disciplinary and representative
group of participants in every CMG, including both clinical and clinical laboratory geneticists
and possibly other professionals. CMGs were informed about our study and its procedure by
a presentation at the Belgian College of Medical Genetics (a federal body for quality of
healthcare in medical genetics). Subsequently, a contact (usually the head of department) at
each CMG was approached by email or telephone to request participation. If the contact
agreed, they suggested a time which suited most of the CMG’s professionals.

All focus groups were conducted in a room at the CMG or associated hospital between
November 2016 and December 2017, and lasted between 67 and 117 min. All focus groups
were moderated by the first author and an observer was present and took field notes in seven
out of eight focus groups. Focus groups were moderated in Dutch or English and participants
could choose to speak Dutch, French or English.

A semi-structured interview guide, created after a thorough literature review, was evaluated
by a multidisciplinary team of an ethicist (HM), geneticist (EDB) and philosopher (ID) and was
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used for all focus groups. Open-ended questions and probes to stimulate discussion were used
(Table 1). Terminologically, “IF” was used to refer to unintentionally identified, diagnostically
unrelated results. “SF” was used to refer to deliberately pursued, diagnostically unrelated
findings. The study’s specific focus on IFs and SFs in clinical ES for monogenic diseases,
excluding preconception, prenatal, screening and research contexts, was emphasised at the
outset of every focus group.

How do you describe an IF in a clinical context in your CMG, apart from following
guidelines? What terminology do you use?

What differences do you see between IFs in array testing and in clinical ES?

What kind of IFs do you report, firstly from the laboratory to the clinician, and secondly
from the clinician to the patient?

What kind of policy regarding IFs would you like to create in the future?

What impact do international guidelines on reporting IFs have on your own practice?

What difficulties do you experience in your practice regarding IFs or SFs? What are the
great challenges in the evolution of IFs?

What is your current practice regarding a patient’s request to opt out of IFs?

How do you consider the intentional search for SFs?

What is your practice when new information is available about an IF, for example for
recontacting patients?

Table 1 Examples of interview questions (chapter 5)

5.3.2. Data analysis

Focus groups were audio-recorded and transcribed verbatim and data are saved until
completion of the full research project on a password-protected server. Data were analysed
thematically, with an inductive approach and unrestricted by theoretical concepts. The
analysis consisted of the consecutive stages of data immersion, code generation, theme
identification, theme revision, theme definitions and production of the final report, as
described by Braun and Clarke (25). All data were coded by MS, and TM independently coded
a substantial subset of the data. Analysis was an iterative and ongoing process during data
collection. Text units could be included in more than one code and/or theme and the analysis
was supported by use of a software program for qualitative data analysis (NVivo12). During
analysis, ideas and reflections were stored as memos. An extensive procedure was developed
to ensure the trustworthiness and credibility of the data collection, analysis and report. The
procedure combined peer debriefing and a systematic audit trail, and covered both the
process and the product of the analysis (26). Following TM’s secondary analysis of a data
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subset, the transcripts and initial code schemes were reviewed and theme names, definitions
and structures were thoroughly discussed by MS and TM. Preliminary thematic structures and
draft reports were discussed exhaustively and reviewed by the multidisciplinary group of
authors until consensus was reached between all of them. Finally, quotes were selected and,
if originally in Dutch or French, translated by MS and TM to illustrate the results. This article
adheres to the COREQ guidelines for reporting qualitative research (27).

5.4. Results

All eight Belgian CMGs agreed to participate. Every focus group was composed multi-
disciplinarily and involved between 6 and 11 participants, with a total number of 68
participating professionals (Table 2).

Six themes emerged from the data analysis: (i) current and general practice in clinical genetic
testing, (ii) the position of genetics in medicine and society, (iii) criteria for reporting IFs, (iv)
impact of IFs and SFs, (v) policy guidelines for genetic practice, (vi) guiding values and
principles. This article addresses the third theme of the reporting criteria for IFs in a context
of clinical ES in adults.

FG1 | FG2 | FG3 | FG4 | FG5 | FG6 | FG7 | FG8 | Total
Participant’s profession
Clinical geneticist 3 3 4 5 3 3 2 2 25
Clinical laboratory 3 3 4 2 4 2 2 6 26
geneticist
Genetic 4 1 2 1 1 2 11
counsellor/Psychologist
Other (Bio-informatician, 1 1 3 1 6
Bioethicist, Trainee MD)
Total 6 11 9 10 8 6 9 9 68

Table 2 Focus group participants (chapter 5)

When considering the reporting of IFs, Belgian CMGs referred to two major criteria: the clinical
significance of the IF and patient-related factors.

5.4.1. Clinical significance of the IF

Currently, Belgian CMGs do not analyse the full exome in clinical ES and mainly use exome-
based panels, hitherto resulting in a rather limited experience with IFs in clinical ES. However,
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whole exome sequencing (WES) was identified as the undeniable future of clinical genetics.
Due to the many monogenic conditions, IFs are expected to be frequent when very large
panels or even the full exome will be analysed.

Professionals also referred to the possibility of screening additional genes as SFs when
sequencing the exome, but a lack of (human, financial, and technical) resources and an
unfulfilled need for guidelines (for example regarding reimbursement and the scope of
analysis) fail to guarantee the required depth and trustworthiness of additional analyses in
clinical WES. This could result in unnecessary interventions or harm and a false sense of
security. Therefore, Belgian CMGs do not deliberately pursue SFs and only consider
diagnostically unrelated findings in clinical ES when they are unintentionally identified as IFs
(Table 3, Quote 1, Quote 2).

According to professionals in Belgian CMGs, reported IFs should be clinically significant, i.e.
they should be relevant to a patient’s health. CMGs especially referred to pathogenicity and
medical actionability as important components of an IF’s clinical significance. However,
throughout the focus groups, the exact delineation of these criteria and their application in
practice has turned out to be challenging.

a. Pathogenicity

A reported IF has to be a clinical risk factor, i.e. a variant predicted to cause disease, and
various CMGs apply and advocated a cut-off for pathogenicity in reportable IFs. They
suggested only reporting class 5 (pathogenic) and class 4 (likely pathogenic) variants in
diagnostically unrelated but known disease genes. Class 3 variants (variants of uncertain
significance or VUS), for example in an unrelated breast cancer gene, are not reported, as this
might have a significant psychological impact or, as a consequence of unnecessary
interventions, medically harmful consequences (Quote 3).

However, several factors complicate the definition of clearly pathogenic IFs. Firstly, verifying
IFs” pathogenicity and predictive value in any particular patient is challenging in general, as
there is usually no corresponding phenotype (i.e. patients are non-symptomatic for the IF’s
associated disease). Secondly, professionals described how, in the future, the advice not to
report VUS in IFs might not always be realised. When a VUS is identified, it can be difficult to
determine whether the affected gene is related to the symptomatic condition or not. CMGs
noted that a VUS in a diagnostically relevant gene is sometimes reported, but when the gene’s
diagnostic relevance is not fully guaranteed, this reporting might undermine the cut-off for
pathogenicity in IFs. Thirdly, variant classifications are dynamic and a VUS may be reclassified
as a pathogenic variant over time. When this variant turns out to be relevant to the
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symptomatic condition, its reclassification may eventually lead to a diagnosis, which patients
usually experience as a relief. Therefore, professionals acknowledged the duty to recontact
patients regarding the reinterpretation of diagnostic results. In the context of IFs, however,
recontacting patients regarding a reclassified VUS, was regarded as logistically impossible.
Moreover, professionals suggested that such a delayed report of an IF would only be
appropriate if patients explicitly agreed to it, as this finding is not directly related to the

indication for testing and does not realise the pursued diagnosis.

Number | Quote Participant

Quote 1 | “Maybe, at random, we could find something and when we | FG 8 - P9
find something that we are sure of, we will tell you. [...] But | Clinical laboratory
we won’t actively look for it.” geneticist

Quote 2 | “There is a filter in accordance with the ACMG | FG7-P7
recommendations, but it is not used as standard. [...] It | Clinical laboratory
takes considerable human capacity to analyse those things | geneticist
and currently it is not included in our routine-protocol, to
look at those things as standard.”

Quote 3 | “The reporting of variants where even we don’t know | FG 2 - P10
whether they mean anything, is the equivalent to reporting | Clinical laboratory
non-information which might make a patient despair or | geneticist
ask for an impossible follow-up. [...] So | think we have a
responsibility as professionals not to go that far.”

Quote 4 | A: “The example would be, in theory, because now we | FG 1
wouldn’t see it, eh, Huntington’s disease, if you see that, at | A= P5, Clinical
whatever age, should you transmit [report] it? So far, the | geneticist
answer is no. [...] And any other change for which you have | B= P1, Clinical
nothing to offer to the patient, we don’t report.” [...] geneticist
B: “But you can have Parkinson’s, Alzheimer’s ... with a
point mutation, for example.”

A: “That would be a better example, indeed.”

Quote 5 | “[...] and then, during the next pregnancy, they would find | FG 2 - P2
out that their child has Duchenne... You don’t want to have | Clinical geneticist
this [kind of situation], whereas we have seen it during a
previous [test], for example in their daughter. So currently,
we don’t work with an opt-out, to avoid this kind of thing.

And I've never met a family who had problems with this
[practice].”
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Quote 6

“[...] so people have to decide between opt-in and opt-out,
and | think it is very complex for people to be sufficiently
informed about this choice. [...] It’s hopeless, people can’t
choose, well, most of them can’t. | mean, most people
don’t have any background knowledge of genetics, so it is
extremely difficult.”

FG 4-P7
Psychologist

Quote 7

“A possibility to choose... You cannot simply force
someone, | mean, you can’t just... The aim of informed
consent is to make a deliberate choice, so you have to give
people the right information, so they can make a choice. |
think that is the aim of informed consent.”

FG6-P1
Genetic counsellor

Quote 8

A: “But, perhaps | don’t understand, if the patient chooses
[an] opt-out, then we don’t report. [...] If the patient
chooses, and it’s clear, to opt out, then we don’t report.”
B: “But | would anyway! [...] | would say, the consequence
of not reporting and maybe losing a parent, for example
the [patient’s] mother very, very young.. Those
consequences are so important that | would choose to
disregard the patient’s decision, | would note it down in the
file that | choose to disregard, because [...] | consider the
consequence of not reporting to be worse than the
consequences of reporting.”

FG 3

A =P1, Clinical
geneticist

B = P8, Clinical
geneticist

Quote 9

“So generally, when we have an IF like that, most of the
time there is a deliberation between the biologist [clinical
laboratory geneticist] who is responsible for the analysis
and the clinician [clinical geneticist] who validates the test.
[...] Sometimes, we even call upon external people, other
centres, or people who have the right experience.”

FG5-P5
Clinical geneticist

Table 3 Quotes (chapter 5)

b. Medical actionability

Most CMGs exclusively report actionable IFs, which were described as findings for which

medical therapy, treatment or preventive screening are available (Quote 4). Several

professionals regarded the knowledge of IFs ad infinitum, including non-actionable IFs, as

harmful, because this includes information that patients do not understand and cannot handle

(practically or psychologically). Professionals also expressed feeling powerless themselves
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about non-actionable IFs and feeling “more comfortable with a cancer predisposition than
with [a predisposition for] a neuro-degenerative condition”. These professionals considered
the limitation of reportable IFs to actionable results as a consequence of their professional
duty and responsibility to decide on relevant information. Ultimately, only reporting
actionable IFs was presented as a pragmatic way of keeping clinical ES practically feasible, as
excluding non-actionable findings reduces the time required for analysis.

Even though they had not actually been in this situation, some professionals remarked that
not reporting non-actionable IFs, for example regarding a neuro-degenerative condition,
could be an ethically difficult decision, as it would withhold important information from
patients and/ or their families. Therefore, one CMG explicitly stated that if they identified
serious, non-actionable IFs, these would be reported. Another CMG suggested that non-
actionable results might, depending on the specific circumstances, be reported as IFs, but, if a
practice for SFs were developed, these deliberately pursued results should only concern
medically actionable findings.

The use of a standard list of medically actionable genes was proposed. Many Belgian CMGs
use the ACMG list of “highly penetrant and actionable genes” as a (not strictly binding)
framework for reportable IFs (2, 3). On the other hand, some CMGs considered such a list as
being in conflict with the dynamic reality of treatments and preventions that can become
available over time. Hence a variant’s actionability might better be determined at the time of
discovery.

Finally, a correlation was suggested between a condition’s actionability and penetrance. Even
though risks are subjectively interpreted, “low penetrance” IFs were considered to be too
abstract, and classifying them as actionable might create unrealistic expectations regarding
the utility of this information. Therefore, as a suggestion for future policy, actionable IFs
should be highly penetrant and patients should be counselled in interpreting incomplete
penetrance.

5.4.2. Patient-related factors

As a second criterion for reporting IFs, CMGs referred to patient-related factors, being the
patient’s preference to know IFs and patient characteristics.
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a. Preference to know

ES allows a selection of analysed genes and hence, theoretically, a choice to receive IFs or not.
However, not all Belgian CMGs offer this opportunity, and practices on a patient opt-in and
opt-out vary widely.

Three CMGs currently offer no opt-out of actionable IFs, although one of them offers an opt-
out of non-actionable IFs. Professionals at these CMGs argued firstly that they have the
ambition or even the duty to prevent future disease that can be avoided (Quote 5) and
secondly that lay people do not truly understand the meaning and possible impact of IFs. In
the event of an opt-out, patients would not realise what they are actually declining (Quote 6).
As a third argument, two CMGs mentioned their ethics committee’s influence on this policy.
It did not allow an opt-out of actionable IFs because professionals should report useful
information when it is available and, again, because patients would not understand their own
decision. Finally, it was observed that patients generally do not dispute the possibility of
receiving actionable IFs. One CMG added that, even if an opt-out is not suggested, patients
can spontaneously ask for it, but no such cases were mentioned during the focus group.

Despite these arguments, one CMG explicitly discussed its current policy and reported an
exception by honouring a patient’s request not to look at breast cancer genes during an
unrelated clinical ES. Two centres mentioned that it would be good to update their ethics
committee on recent developments in clinical ES, possibly to re-evaluate their opt-out policy.
Finally, it was recognised that patients might be distressed when discovering future health
risks as IFs. Nonetheless, these worries were said to be inevitable, as the risk would probably
manifest itself anyway at a later point in life.

Conversely, four CMGs always allow an opt-out of actionable IFs. To justify their policy, these
CMGs also referred to the idea that IFs might be complex to comprehend, also in psychological
terms. Some patients might not be able to deal with the information, and therefore their
preference to opt out of these results should be respected. Moreover, these CMGs stated that
patients’ general and fundamental right not to know should be honoured (Quote 7).
Nevertheless, it was mentioned that only a small minority of patients actually choose to opt
out of actionable IFs.

Finally, one CMG, with limited experience with clinical ES, discussed its future policy and the
possibility of an opt-out in depth. While some of its professionals strongly defended absolute
respect for a patient’s choice, one participant claimed that opting out should only be accepted
if it has minor implications for the patient’s prognosis. When not reporting actionable IFs could

99



have severe consequences, this professional would overrule a patient’s opt-out. Again it was
argued that patients do not understand what IFs and an opt-out really mean. Moreover, the
possible harm of not reporting an actionable IF would outweigh the harm of being informed
against one’s will (Quote 8). To reconcile the two perspectives in this CMG, two opposing
solutions were suggested for a patient’s opt-out: the IF could be reported at a later and more
suitable moment, or the IF could be masked in the report from the laboratory to the clinician.
That way, situations where the clinician knows but cannot disclose relevant patient
information could be avoided.

b. Patient characteristics

Finally, professionals noted that patient characteristics influence whether and how an IF is
reported, as patients' (clinical and personal) context interacts with the IF’s clinical significance
and affects its final relevance. Professionals provided the hypothetical example of the
importance of a patient’s primary condition for the timing of reporting an IF as well as for the
suggested follow-up and counselling, since both results are considered to have an integrated
impact on a patient’s health and life. A patient’s wish for future children or his/her family
history of illness might also affect the disclosure of an IF regarding a carrier status or of a non-
actionable IF (since it could explain an undiagnosed family condition). These last examples
illustrated how personal and family characteristics interact with the definition of actionability
and hence might affect an IF’s clinical significance and disclosure. Most CMGs did not consider
actionability to include lifestyle adjustments or personally useful actions. However, they did
discuss actionability in terms of reproductive decision making, which would enable the
reporting of IFs concerning a carrier status for a recessive condition. Some professionals do or
would not report these findings, because they are not clinically threatening for patients
themselves. It was also mentioned that including prenatal possibilities “would make every
condition actionable”. However, and depending on personal and/or family characteristics and
plans, these results can be relevant to relatives and (future) children. Therefore, half of the
CMGs would consider the reporting of IFs regarding a carrier status for severe diseases (for
example cystic fibrosis or Duchenne muscular dystrophy). Two centres already reported such
findings and one does not offer an opt-out of them. Nonetheless, the psychological impact of
this disclosure was acknowledged and one CMG testified about a family that was emotionally
upset by the disclosure of a cystic fibrosis carrier status.

The interaction between, on the one hand, a patient’s characteristics and (clinical, personal,
reproductive, family, etc.) context and, on the other hand, the clinical significance (including
the actionability) of IFs does not result in a standard outcome, and hence evaluating an IF’s
final relevance frequently requires a professional, multidisciplinary deliberation (Quote 9). To
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facilitate the deliberation process, a national (online) consortium on IFs was suggested, where
“difficult cases” could be discussed, as well as a specialist committee to relieve CMGs of the
exclusive responsibility regarding disclosure.

Despite the case-by-case deliberation, some professionals would still prefer general
guidelines, for example regarding pathogenic variants and actionability, to facilitate the
professional decision about disclosure.

5.5. Discussion

An analysis of current practice at Belgian CMGs regarding clinical ES in the context of adult
testing revealed a diagnostic focus and a standard procedure of exome-based panel testing,
resulting in a low incidence of IFs. Belgian CMGs’ collective policy not to deliberately pursue
SFs mirrors the avoidance of diagnostically unrelated findings and accords with current
laboratory practices and with all international guidelines apart from the ACMG
recommendations (1-3, 6-8, 23, 28).

Whether CMGs report an IF is determined by an interaction between the clinical significance
of the IF and patient-related factors.

5.5.1. Clinical significance of the IF

Belgian professionals indicated pathogenicity and medical actionability as important
components of an IF’s clinical significance. These criteria are not surprising in themselves, as
they are also stressed by leading American and European recommendations (1-3, 7).
Nonetheless, these criteria were extensively discussed because their interpretation and
application in practice turns out to be challenging.

The importance of IFs” pathogenicity was unanimously emphasised. However, Belgian CMGs
also expressed concerns about IFs’ disease predictive value in asymptomatic persons. This idea
is echoed internationally, even by the ACMG itself (3, 6, 9, 29, 30). Richards et al. mentioned
that variants might be less pathogenic and less penetrant if they are unrelated to the primary
test indication and when there is no phenotype or family history of the associated condition
(12). The caution with which Belgian professionals approach the pathogenicity of IFs reflects
these remarks, as well as the warning that unreliably interpreted and reported results might
cause physical and psychological harm (15, 31). The parallel idea expressed by Belgian CMGs
regarding a cut-off for pathogenicity in IFs, and the suggestion to only report class 5 and class
4 but not class 3 variants (VUS), accords with international laboratory practices and points to
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consider, and with the ACMG recommendations (2-4, 6, 21). Not reporting VUS in IFs from the
laboratory to the ordering clinician prevents an over-interpretation of these results’
significance for the diagnostic question and needless patient follow-up (6, 23, 32).

Along with pathogenicity, most but not all CMGs assessed an additional threshold for
reportable IFs, being their actionability. This criterion, as well as its interpretation as medical
actionability, corresponds with an international consensus and might be partly explained by
professionals’ specific role as medical experts (1, 3, 5, 11, 28-30, 33). Nonetheless, the
exclusive reporting of actionable IFs was characterised as a dynamic and ethically difficult
policy by some Belgian centres. Some CMGs suggested to identify low penetrance IFs as non-
actionable, which refers to a correlation between criteria that has already been indicated by
the ACMG and its current list of 59 “highly penetrant and actionable genes” that should be
analysed as SFs (2, 3). Conversely, it has also been suggested that variants’ low penetrance
can be countered by the associated condition’s actionability (28, 30).

5.5.2. Patient-related factors

A notable finding of this study is Belgium’s diverse practice regarding the opt-out of actionable
IFs. The absence of the possibility to opt out was legitimised by the professional aim to avoid
harm. However, in-house discussions about this mandatory opt-in policy and professional
concerns about the psychological impact of reported IFs illustrated that the superiority of
professional duty over a patient’s choice is not self-evident. This value conflict was most visible
in one CMG’s consideration of overruling a patient’s choice to opt out when it was considered
to have harmful consequences. The denial of a patient’s preference, granting this criterion
only a relative weight, sounds polemical but is in line with the “prudent professional
judgement” which is advocated by bodies including the ESHG and Bioethics Commission (1, 5).
It also reflects the idea that the denial of a patient’s choice is sometimes inevitable, for
example when a patient opts out of clinically relevant or medically actionable IFs (9, 16, 31).
The second argument for the obligatory disclosure of actionable IFs, being patients’ presumed
inability to fully understand their impact, has also been suggested internationally (9, 32).
However, postulating a patient’s inability to make well-informed decisions might discount the
efficacy of counselling procedures (5, 8, 34).

Patients’ general acceptance of disclosing actionable IFs supports the consolidation of offering
no opt-out. However, an absence of questions might not necessarily equal an omnipresent
preference to actually know IFs. When a CMG does not suggest an opt-out, few patients might
have the genetic literacy to ask for one spontaneously, since the public understanding of
genetics and its possibilities seems to be rather limited (35). Moreover, it takes courage to
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dispute the professional authority of an informed consent form or pre-test counselling, or to
resist the societal pressure to know as much as possible (33, 36). Finally, a Belgian CMG’s claim
that an IF, and the corresponding psychological distress, will manifest itself anyway at a later
time might not be completely valid, as the incidentally identified variant could have an
incomplete penetrance and/or variable expression, an idea related to the uncertain
pathogenicity of IFs in asymptomatic persons.

Belgian CMGs that allow an opt-out of actionable IFs emphasise the honouring of patients’
wishes and their right not to know. This conflicts with well-known European recommendations
but accords with a Canadian position statement and recent points to consider, and it is
supported by international professional preferences (6, 8, 30, 37). The Belgian suggestion that
results should be masked in the laboratory report for the clinician when patients opt out, has
been expressed internationally (31). However, problems might arise when, as a result of
changed circumstances or values, patients change their mind and do want to know IFs (16).

Finally, there is a general agreement, both within Belgian CMGs and internationally, that the
interaction between an IF’s clinical significance and patient characteristics affects the final
relevance of an IF (9, 15, 16, 23, 30, 32, 33). This interaction clearly shows in the impact of a
patient’s personal context on the criterion and definition of IFs' actionability and, more
particularly, in the relevance and possible disclosure of IFs regarding a carrier status. Both
within Belgian CMGs and internationally, this possible reporting is strongly discussed, as it
might enable reproductive and/or (future) family-wide choices and actions (9, 23, 30, 33). Even
though reporting a carrier status for recessive conditions is in conflict with Belgian CMGs’
general focus on direct, medical actionability, half of them would favour such reporting to
adults. This disclosure is supported by international professionals’ preferences and recent
laboratory points to consider (6, 16, 21, 23). On the other hand, it conflicts with the ACMG
recommendations and creates an additional workload for results which are not clinically
significant for patients themselves (2, 3, 16, 23). However, this claim of reduced significance is
countered by the impact of a reported carrier status on a person’s self-concept and specifically
by the way it might threaten a person’s genetic identity, (future) health perception or wished-
for parental role (38, 39), a psychological effect which was also insinuated by two Belgian
CMGs. The impact of knowing one’s carrier status might even be more substantial in the case
of a serious X-linked condition, such as fragile X syndrome, where carrying the premutation
might also have clinical consequences for the carrier herself (40). Belgian professionals did not
raise this specific example of an IF regarding a carrier status, but nonetheless it goes against
their statement that such a finding is non-threatening for patients themselves.
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The reporting of IFs regarding a carrier status because of its possible value in the specific
(personal or family) context of reproduction, can be considered in the more general debate
on personal utility (19). The concept of personal utility might, based on a patient’s
characteristics and context, categorise findings which allow future (reproductive) choices,
psychological or social coping or intrinsically valuable self-knowledge as reportable results, as
they enable non-medical but valuable actions (19, 41). Even though CMGs acknowledge the
importance of a patient’s context and the difficulty of not reporting medically non-actionable
IFs, most CMGs are not likely to add these options of personal utility to the actionability-
criterion. Moreover, personal utility risks becoming an unspecified umbrella term that justifies
the reporting of any kind of results (19, 42). Therefore, Bunnik et al. suggest limiting personal
utility to meaningful, technically and clinically valid information which “can reasonably be used
for decisions, actions or self-understanding” (42). As a consequence of its problematic
definition, Vears et al. even suggest not assessing actionability as a decisive criterion for
reporting pathogenically significant IFs (6).

As a second consequence of the interaction between an IF’s clinical significance and patient
characteristics, the value of professional deliberation is stressed by both Belgian and
international professionals (9, 11, 16, 23).

On the other hand, some CMGs’ call for guidelines on pathogenicity or actionability is also
mirrored in international research, for example, concerning clinical laboratory geneticists who
favour a list of conditions and genes that should be considered (9, 11, 15, 23, 29).

The tension between a call for (more) guidelines and a patient-specific, case-by-case
deliberation has been identified previously (23). As ES is increasingly implemented in clinical
practice, it seems advisable, at least at a local level of CMGs, to create a guiding framework
which is clarified to patients before testing and which relieves professionals from the
responsibility to individually decide on every case of IFs. To further avoid the chance and
injustice of offering different information to different patients, not only within but also
between CMGs, an (inter)national consensus on relevant criteria might be pursued as a
starting point for reporting practices (20, 22, 23, 43). However, if general guidelines turn out
to be unfeasible and the current diversity in national practice, as disclosed by this study, and
in international practice and policy documents is maintained, a patient’s informed decision on
which results to receive, starts with his/her choice of a specific CMG. In that case, it is
guintessential for every CMG to disclose its local policy. On the other hand, and in line with
the non-standardised outcome of the interaction between the clinical significance of IFs and
patient characteristics, a flexibility in guidelines’ application has been advocated so they can
be accustomed to the particular context (44). Together with the professional expertise in
CMGs, this call for a personalised deliberation nuances the need for and effectiveness of a
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rigid “one model fits all” policy (23). Therefore, the contextualised application of a guiding
framework of reporting criteria for IFs, might result in a personalised, non-standardised
outcome.

To our knowledge, this is the first study on reporting practices and criteria regarding IFs which
includes nationwide certified CMGs and hence achieves a good coverage of a national, non-
commercial practice. The organization of one focus group in every centre revealed the
similarities and differences in practice between centres. Moreover, it encouraged an open
discussion between colleagues and a clarification of underlying reporting criteria. These
results emerged from a Belgian context, with its specific scale and healthcare organisation.
Nonetheless, the results of this study might be (partly) transferrable to other (and larger)
countries with similar healthcare systems and analogous confrontations with diverse
international guidelines, but further research is needed to confirm or deny similarities in
practice and policy. As a consequence of Belgian CMGs’ standard practice of diagnostic exome-
based panel testing, there is still a limited experience with actual IFs in clinical ES.
Consequently, the perspectives expressed by the CMGs might reflect current reporting
practices as well as preferable future policies. Future research should identify whether these
perspectives are actually effected when the exome is fully analysed in clinical practice and IFs
become more frequent.

5.6. Conclusions

Belgian CMGs agree in their reference to common and internationally suggested reporting
criteria for IFs. However, these criteria resist a uniform interpretation and hence result in a
diversified Belgian practice, which reflects divergent, international policy perspectives. Belgian
CMGs consent to the threshold of pathogenicity but concerns about IFs’ predictive value in
non-symptomatic persons and VUS in IFs challenge this criterion’s application in practice.
Furthermore, (medical) actionability is both an advocated and contested threshold, both
internationally and at Belgian CMGs. In their adherence to international perspectives, Belgian
CMGs differ most manifestly regarding patient opt-out possibilities for actionable IFs and in
the weighing of professional duty versus patient autonomy. Finally, the interaction between
the clinical significance of IFs and patient characteristics questions the definition of
actionability and the possible reporting of IFs with personal utility such as findings concerning
a carrier status. The importance of the patient’s context and the non-standardised outcome
of its interaction with IFs’ clinical significance suggest the imminent inclusion of case-by-case
reflections in reporting decisions. Accordingly, (international) guidelines for the reporting of
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IFs in clinical ES might only be effective when they are sufficiently detailed in terms of the
criteria applied as well as responsive to the particularity of each individual case.
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6.1. Abstract

Background: Incidental findings (IFs) and secondary findings (SFs), being results that are
unrelated to the diagnostic question, are the subject of an important debate in the practice of
clinical genomic medicine. Arguments for reporting these results or not doing so typically
relate to the principles of autonomy, non-maleficence and beneficence. However, these
principles frequently conflict and are insufficient by themselves to come to a conclusion. This
study investigates empirically how ethical principles are considered when actually reporting
IFs or SFs and how value conflicts are weighed.

Methods: A qualitative focus group study has been undertaken, including a multidisciplinary
group of professionals from Belgian centres for medical genetics. The data were analysed
thematically.

Results: All eight Belgian centres participated in this study. Ethical values were frequently
referred to for disclosure policies on IFs and SFs. Participants invoked respect for patient
autonomy to support the disclosure of IFs and opt-out options for IFs and SFs, non-
maleficence for the professional delineation of reportable IFs and opt-out options for IFs and
SFs and (the particular scope of) beneficence for the mandatory reporting of actionable IFs,
the delineation of reportable IFs and a current decline of actively pursued SFs. Professional
assumptions about patients’ genetic literacy were an important factor in the weighing of
values.

Conclusions: In line with the traditional bioethical discourse, the mandatory reporting of
actionable IFs might be interpreted as a “technological, soft paternalism”. Restricting patients’
choices might be acceptable, but then its motives should be valid and its beneficent outcomes
highly plausible. Hence, the presuppositions of technological, soft paternalism - patients’
inability to make informed decisions, normative rationality, the efficacy of beneficent
outcomes and the delineated spectrum of beneficence - should be approached critically.
Moreover, distributive justice should be considered an important value in the delineation of
the current scope of the ethical debate on IFs and SFs.

This study of guiding values may stimulate the debate on the ethical grounds for a solid policy
on IFs and SFs internationally.

Keywords

Patient autonomy, Professional beneficence, Soft paternalism, Distributive justice, Clinical
genomic testing, Incidental findings, Secondary findings, Qualitative research
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6.2. Background

In clinical exome sequencing (ES), variants in diagnostically unrelated but known disease genes
can be unintentionally revealed or actively pursued as, respectively, incidental findings (IFs)
and secondary findings (SFs) (1-3). Incidental and secondary findings are the subject of various
reporting guidelines and policy documents, for instance in Europe, the US and Canada (1-7).
Ethical arguments, especially concerning autonomy, non-maleficence and beneficence, have
been frequently cited for reporting these results or not doing so (8, 9). The study presented in
this article set out to investigate empirically how professionals consider these and potentially
other values in actual practice regarding IFs and SFs in clinical ES.

International healthcare conventions have formalised respect for patient autonomy in the
right to receive personal and complete health information (including informed consent before
a medical treatment), as well as in the right to decline medical information, treatment and
intervention (10-14).

In line with these rights, non-disclosure of clinically relevant information has been ethically
rejected and a patient’s right to be informed about (specific) IFs has been acknowledged (8,
15). However, whether this right also installs the professional duty to deliberately pursue
additional findings as SFs, is contested. The American College of Medical Genetics and
Genomics (ACMG) advocates the opportunistic screening of a well-defined list of genes which
are clinically significant, highly penetrant (i.e. with a high probability that the pathogenic
variant will express the associated condition) and medically actionable (i.e. allowing medical
prevention or treatment) (1). According to the ACMG, this pursuit of SFs is the most effective
realisation of patients’ (family-wide) wellbeing and hence of beneficence, a professional
commitment which takes a prominent place in, for example, the Declaration of Geneva (1, 5,
16). Conversely, the European Society of Human Genetics (ESHG), EuroGentest and the
Canadian College of Medical Geneticists (CCMG) are more cautious with diagnostically
unrelated results; they recommend a minimisation of IFs and they explicitly discourage or
seem not to support the active pursuit of SFs (2, 4, 6). Arguments for this cautiousness are the
possibility of physical and/or emotional harm (by overwhelming patients with unnecessary or
harmful tests, diagnoses or interventions) and hence the professional duty of non-maleficence
(3, 8). When IFs are unintentionally identified, these results should only be disclosed if they
are highly significant, highly penetrant and medically actionable (17-19).

With respect to patients’ right not to know, there is a consensus that explicit patient consent
is required for the screening and reporting of SFs (3, 20-22). Since its updated
recommendations, the ACMG also agrees with a possible patient opt-out for SFs (23).
Respecting patients’ choice on disclosure is motivated by the idea that information about
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genetic predispositions cannot be imposed because of its possible psychological, family and
social impact (24). This indicates that the right not to know is supported not only by the value
of patient autonomy but fundamentally grounded in the interest of not being psychologically
harmed and hence in the professional duty of non-maleficence (24). Nonetheless, and despite
the consensus on an opt-out possibility for SFs, the opt-out of IFs has been debated more
intensively. Whereas some professional bodies, such as the CCMG, strongly uphold patients’
right not to know, the ESHG and EuroGentest recommend that the final decision on serious
and actionable IFs should be made by professionals (2, 4, 6). Consequently, the professional
responsibilities to warn, rescue and benefit patients might outweigh the patient’s right not to
know (3).

The weighing of prima facie values such as patient autonomy and professional beneficence is
a classic challenge in bioethics (25) and the debate on IFs and SFs turns out to be a prime
example of it. Consequently, opposing policies are advocated and many questions are still
unanswered. Under which conditions should a patient’s wish to opt out of IFs be respected?
If this right is not absolute, how (for instance based on which criteria or values) can
professionals justify their decision to report these results without patient consent? Should SFs
be deliberately pursued as a realisation of the professional duty of care and the patient’s right
to be informed? And more fundamentally: are autonomy, non-maleficence and beneficence
actually guiding principles in professionals’ decisions about disclosing IFs and SFs? Or is there
a gap between theoretical ethical concerns and practice (26)?

The question whether and how professionals consider these and potentially other values as
guiding notions in the reporting of IFs and SFs in a context of diagnostic ES in adults, is the
focus of this article.

6.3. Methods

A qualitative study was organised in the eight Belgian centres for medical genetics (CMGs) to
achieve an in-depth understanding of professionals’ perspective on IFs and SFs. Since the aim
of this study was not to determine role-specific or individual views but the integrated
perspective of a group of professionals who collaborate in a CMG and might decide on the
disclosure of IFs or SFs after inter-professional deliberation, focus groups were chosen over
individual interviews (27). Aiming for an active debate and open conversation between
colleagues, one focus group in every CMG was pursued (27). A purposive sampling approach
was used in every CMG to recruit a multidisciplinary and representative group of professionals
who are experienced with clinical ES, including both clinical geneticists and clinical laboratory
geneticists and possibly other professionals such as genetic counsellors, bio-informaticians or
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nurses (28). Through a presentation at the Belgian College of Medical Genetics (a federal body
for the quality of healthcare in medical genetics), representatives of all CMGs were informed
about our study and contact information was collected from one or several professionals
(usually including the head of department) at every CMG. Subsequently, a contact at every
CMG was approached by email or telephone by MS to provide additional information about
the focus groups and to request participation. At the contact’s request, a preliminary
consultation was organised at several CMGs to thoroughly clarify the design and aim of the
focus group. If the contact agreed to participate, (s)he or another professional at the CMG
contacted eligible colleagues and assembled a representative group of people. To counter
last-minute cancellations, contacts were requested to assemble a group of about twelve
persons. When participants had been recruited, the contact suggested a time which suited
most of the CMG’s professionals.

Focus groups were conducted between November 2016 and December 2017 in a room at the
CMG or associated hospital and lasted between 67 and 117 minutes. The first author
moderated all focus groups in Dutch or English and participants replied in English, French or
Dutch. In seven out of eight focus groups, an observer was present and took field notes.
Informed consent was obtained from all participants.

A semi-structured interview guide, created after a literature review and including open-ended
questions, was used for all focus groups (Table 4). At the beginning of every focus group, the
focus on IFs and SFs in clinical ES for monogenic diseases, excluding preconception, prenatal,
screening and research contexts, was emphasised.
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How do you define IFs in clinical ES?

What kind of IFs do you report, firstly, from the laboratory to the clinician and, secondly,
from the clinician to the patient?

What do you think about the intentional search for SFs?

What kind of policy regarding IFs and SFs would you like to develop?

What difficulties do you experience in your practice and (future) policy regarding IFs and
SFs?
How is the possibility of IFs addressed during genetic counselling?

What might affect a patient’s interest in IFs and SFs?

What is your policy regarding a patient’s possibility to opt out of IFs?

How would you define a patient’s role in the context of IFs and SFs? How does this role
relate to your professional role?

What impact might a reported IF or SF have on patients?

To what extent do you consider a personalised policy concerning IFs and SFs appropriate
and feasible?

Table 4 Examples of interview questions (chapter 6)

Focus groups were audio-recorded and transcribed verbatim and data were saved on a
password-protected server. The data were analysed thematically (29). The inductive and
iterative analysis process was supported by use of the software program NVivo 12 and
reflective ideas were stored in memos. To assert the trustworthiness of the data collection,
analysis and reporting, an extensive procedure was elaborated, which combined peer
debriefing and a systematic audit trail (30). TM conducted a secondary analysis of a substantial
subset of the data. Consequently, TM and MS discussed transcripts and initial code schemes,
as well as theme names and definitions. Thematic structures and draft reports were reviewed
by the multidisciplinary group of all authors until consensus was reached between them all.
Finally, illustrative quotes were selected and, if originally in Dutch or French, translated by MS
and TM.

This article adheres to the COREQ-guidelines for reporting qualitative research (31).

6.4. Results

All eight Belgian CMGs participated in this study, with a total number of 68 participating
professionals (Table 5).
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FG1 | FG2 | FG3 | FG4 | FG5 | FG6 | FG7 | FG8 | Total
Function participants
Clinical geneticists 3 3 4 5 3 3 2 2 25
Clinical laboratory 3 3 4 2 4 2 2 6 26
geneticists
Genetic 4 1 2 1 1 2 11
counsellors/Psychologists
Others (Bio-informaticians, 1 1 3 1 6
Bioethicists, MD trainees)
Total 6 11 9 10 8 6 9 9 68

Table 5 Focus group participants (chapter 6)

Even though participants were not explicitly asked for principles that supported their
reporting practices regarding IFs and SFs, professionals frequently referred to ethical values
including autonomy, non-maleficence and beneficence, and these concepts emerged from the
data as a specific theme. More generally, the identified themes regarded: (i) current and
general practice in clinical genetic testing, (ii) the position of genetics in medicine and society,
(iii) criteria for reporting IFs, (iv) impact of IFs and SFs, (v) policy guidelines for genetic practice,
(vi) guiding values and principles. This article specifically addresses the sixth theme in a context
of clinical ES in adults.

6.4.1. Patient autonomy and the right to know

Based on a patient’s right to receive relevant information, all participants agreed on patients’
right to be informed about some IFs. Therefore, and in the interests of a just policy, all patients
should have equal opportunities to receive relevant IFs, independent of the testing techniques
used. On the other hand, all Belgian CMGs only reported IFs and did not actively pursue SFs
(cf. infra).

Due to all CMGs’ current clinical practice of ES-based but filtered panel testing in which a set
of known disease-associated genes is analysed, the chance of identifying an IF is not zero but
it is rather small and professionals from all CMGs reported limited experience with IFs in
clinical ES. As the significance of ever more genes becomes known and used panels contain an
increasing number of genes or when testing techniques evolve (and, for instance, include
whole exome or whole genome analysis or genome-based panels), it is assumed that the
number of IFs will increase.

Several professionals advised that, because of the current use of panels and to avoid
unrealistic experiences, patients should be informed that, at this time, not all diagnostically
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unrelated health risks will be identifed. However, it was assumed that people’s requests for
genomic information would increase over time. Consequently, many professionals stressed
that, when whole exome or whole genome sequencing becomes basic clinical testing and
when it becomes technically feasible to comply with people’s growing requests for
information, the general population should have a better understanding of genomics and its
possible consequences and limits. Unrealistic expectations and genetic determinism should
be avoided and people should realise that genetics cannot explain or predict all (health)
concerns.

“We have the impression that people go to the geneticist as if they were going to a fortune
teller with a crystal ball. [After the consultation] they say “well, this is my future”. While we
say “I can’t tell you anything with a genetic test. | don’t know if you have cancer and | don’t
know if it will come. | can’t tell you anything.” (P5, FG5)

In line with the need for better informed citizens, the importance of genetic counselling was
unanimously emphasised. Counselling should inform patients about the possible outcomes of
the test, including IFs, in comprehensive, non-technical terms. Finally, new ways of counselling
were suggested, such as collective counselling sessions where general genetic concepts or
frequent conditions could be explained.

6.4.2. Patient autonomy and the right not to know

Participants described how ES-based panel testing (as a selection of analysed genes) generally
avoids the identification of IFs, which supports the opportunity to respect a patient’s wish not
to know diagnostically unrelated results. Participants suggested two motives for a patient’s
preference to opt out of IFs: emotional distress and diagnostic focus. Firstly, the prospect of
additional genetic information might engender anxiety and patients might not want to or
might not feel psychologically able to deal with this information. One professional explicitly
associated a preference not to know with emotional motives, whereas a preference to know
was associated with rational motives, for example regarding therapeutic options. Moreover,
the inherent degree of uncertainty in IFs and in genetic results in general (because of
incomplete penetrance or variable expression, i.e. the variable manner in which a condition is
manifested) might engender feelings of doubt instead of knowledge and assurance. Secondly,
patients were described as focussed on receiving a diagnosis for their symptomatic condition
and hence they considered IFs and SFs less important side notes. This argument was also
stated by a professional of a CMG without an opt-out possibility for actionable IFs, but it was
in line with some professionals’ doubts regarding the centre’s current practice.

Besides these two patient motives, some professionals explicitly referred to the fundamental
value of patient autonomy and the included right not to know as arguments for
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unconditionally respecting a patient’s preference. Half of the Belgian CMGs always allowed an
opt-out from IFs, including actionable results which were specified as findings for which
medical treatment or preventive screening are available. Participants argued that patients
cannot be forced to receive unwanted information and that a preference “to stay in denial”
should always be respected. The professional duty to avoid psychological harm and emotional
distress, potentially caused by IFs, also favoured the possibility of an opt-out.

“When the patient says “No, | don’t want to have any other result than what we are looking
for”, then | think you should not report it. [...] Therefore, | think, genetic counselling is very
valuable and you have to do everything to respect your patient. | think that’s the most

important thing. It’s not up to us to decide what to report and what not [...].” (P7, FG3)

Some professionals suggested that when a patient opts out, IFs might still be reported from
the laboratory to the clinician, so clinicians can be attentive for early symptoms during follow-
up consultations. It also allows for reporting the IF at a more suitable moment or when the
patient asks about it later. Other professionals, however, suggested that declined IFs should
be masked in the laboratory report, so situations where the clinician knows but cannot
disclose relevant information to the patient are avoided.

Finally, participants discussed the possibility of a selective opt-out from specific (categories
of) IFs and professionals at two CMGs (both allowing an opt-out of actionable IFs) would
support this practice as soon as IFs can be accurately categorised. However, explaining these
categories might become too complex, especially when the number of reportable IFs
increases. Professionals at two CMGs without an opt-out possibility already felt that this
practice was too complicated. It would increase the professional workload and patients were
considered unable to make these stratified choices.

6.4.3. Genetic literacy, patient autonomy and professional beneficence

In all CMGs, a major challenge in clinical ES was discussed, being patients’ inability to fully
understand the meaning and consequences of IFs. Participants mentioned several reasons for
people’s limited genetic literacy and inadequate understanding. Firstly, genetic information
might be conceptually new, complex, extensive and overwhelming. Secondly, and in contrast
to standard medical tests, IFs are usually not expressed in related symptoms and do not reveal
an “instant reality”. This presymptomatic risk assessment with a delayed relevance and
possibly lifelong impact might be difficult to interpret or to use as grounds for decisions.
Thirdly, conditions’ (incomplete or age-dependent) penetrance might be difficult to
understand, especially in unexpressed IFs, and people might not be used to thinking about
risks or chances. Finally, genetic tests might be prescribed by non-geneticists. Combined with
a lack of time for adequate pre- or post-test counselling, these professionals’ limited

120



experience with genetic medicine might result in an incomplete transfer of information and
“uninformed” consent from patients.

Some professionals did not believe that patients’ lack of understanding could be resolved
within the timeframe of a counselling session and hence they did not believe it was possible
for patients to make informed decisions about IFs. Consequently, three Belgian CMGs did not
allow an opt-out from actionable IFs. One professional mentioned that opting out can provide
temporary psychological relief but eliminates neither the medical risk nor the psychological
distress in the long run. Refusing an actionable IF is only a short-term remedy that postpones
distress from the time of knowing to the time of expression. Professionals at CMGs without
an opt-out possibility feared that patients did not fully understand the potential consequences
of opting out, for instance the future benefit that might be declined. Patients might regret it
when, later, a medically actionable condition (for example breast cancer) manifested and they
might blame professionals for non-disclosure of this risk.

“[...] I think the majority of them [patients], 99% of them, do not know what they are agreeing
to or what they are not agreeing to, when they say “I don’t want to know or | do want to
know.”” (P8, FG3)

In addition to the argument concerning patients’ genetic literacy, several professionals
expressed a feeling of responsibility towards patients. They would experience it as
psychologically unbearable and inappropriate to observe but not report a health risk of a
possibly preventable condition. Hence for some professionals, this perceived duty of
beneficence outweighed the value of patient autonomy and supported the absence of an opt-
out possibility for actionable IFs. Professionals of all CMGs debated the interaction between
professional beneficence and patient autonomy and in one CMG, this interaction in the case
of a potential opt-out was the main point of discussion. Whereas most professionals at this
centre advocated a right not to know actionable IFs, one professional upheld the idea of
overruling an opt-out choice and nevertheless reporting a medically actionable IF. Arguments
for this infringement of a patient’s choice were the belief that the consequences of an
unreported IF could be more severe than those of denying a patient’s preference and, again,
the belief that patients do not understand the possible consequences of their own opt-out
choice.

“For something like a BRCA1-deletion [...], | would not accept an opt-out and | would inform
the patient anyway, saying “well, the consequences are so big, so important, [that] | consider
it medically more important that you know, than actually to respect your autonomy as a
patient.” (P8, FG3)

In defence of a mandatory disclosure of actionable IFs, few patients were said to dispute this
policy, which suggested patients’ trust in the professional practice. It also supported a
participant’s statement that a mandatory disclosure should not be qualified as a paternalistic
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act but as acting in line with patients’ interests and with their need for guidance along the
diagnostic quest.

Even though adequate understanding for autonomous decision-making was not considered
possible by everyone, genetic counselling was generally estimated essential and effective to
prepare patients for a potential (mandatory) disclosure of IFs.

“You can compare it to a pregnancy ultrasound. Why do families or mothers want a pregnancy
ultrasound? To hear that everything is okay. Very few people think about the possibility of bad
news and how to deal with it. And | think, when people enter the [genetic] centre, this is one
of our essential tasks. [...] So if you incidentally find a [variant in a] Lynch-gene [included in a
breast cancer panel], you can say something like “look, this is not the answer, but we have
found something else of importance.” It is an essential part of our job that, at that time, this
[information] is not completely new to patients.” (P7, FG2)

Professionals also acknowledged individual variance in the capacity to understand or
emotionally bear genetic information. Personalising the policy on IFs (for example by offering
some patients more options) was, however, regarded as undesirable because it violates the
value of equality and stimulates favouritism and a dual healthcare system. Moreover, offering
personalised options entails the difficulty for professionals of estimating a patient’s situation
and capacities correctly.

It should be noted that at two of three CMGs without an opt-out possibility, professionals did
not only rely on ethical arguments but also referred to procedures prescribed by the local
ethics committee. Participants mentioned that the ethics committee did not allow an opt-out
because it assigned professionals the responsibility of reporting available and useful
information and because it considered patients incapable of informed decision-making in the
context of clinical ES. Remarkably, some professionals at these CMGs said that if the ethics
committee were updated on recent evolutions in clinical ES, a re-evaluation of the opt-out
policy might be possible. However, no in-house consensus was reached on this idea.

As a final remark, several professionals stated that, depending on the patient’s best interests
(including a correct diagnosis), a patient’s genetic illiteracy is no reason to dismiss a genetic
test in se. Even after counselling, numerous patients will not fully realise the meaning and
possible consequences of ES (including the possibility of IFs). However, the test would usually
be performed anyway, as this was considered to benefit a patient’s care.

“I try my best to explain it, but when | notice, at a certain moment, that it [a patient’s
understanding] stops, but they want another child, then | think, also for the best interest of the
patient, let’s just start another test. [...] Doing nothing, because you think they have not fully
understood, while you think it is in their interest to continue, well, then I think, as a clinician:
“What would be the best choice of several options?” (P10, FG4)
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6.4.4. The scope of ethical values

The last theme applies to the scope of ethical values and their application in practice. This
theme was clearly observed in three particular issues concerning the disclosure of
diagnostically unrelated findings.

Firstly, despite patients’ right to be informed about IFs, this right was limited by professionals’
duty of non-maleficence. There was a consensus among professionals at all CMGs to
specifically delineate the scope of reportable IFs. Most participants advocated a restriction of
reportable IFs to class 5 and class 4 (pathogenic and likely pathogenic) variants in medically
actionable genes, but several professionals indicated that this spectrum might change when
scientific knowledge increases or societal interests and taboos change. Only one professional
mentioned that the professional delineation of reportable IFs could be perceived as “rather
paternalistic”. Conversely, at more than half of the CMGs, participants stated that their
professional expertise should compensate for patients’ genetic illiteracy and that it is their
professional responsibility to decide which findings are comprehensible for lay people and
hence relevant to report. Moreover, reporting “ambiguous” or “nonsensical” data (for
instance class 3 variants of uncertain significance (VUS) or medically non-actionable IFs) might
result in harmful interventions, (unnecessary) fear or false feelings of certainty, and
professionals assigned themselves the duty of avoiding these possible harms.

“Professional bodies have decided that it’s about the actionables. Hence only cancer and
cardiac conditions have been included [in lists of reportable results]. | think, if you include more,
it will become very stratified and one might wonder whether patients still understand what
they are signing up for.” (P11, FG2)

“Different systems are being used and some [genetic] centres say “let’s offer different choices
to the patient” and this can go very far. Patients can choose not only whether they want to
receive [additional results] or not but also which [additional results] they want to receive. [...]
| have even seen an [informed consent] form which asked whether you want to receive variants
of non-significance or not. So where the idea is something like “in the laboratory, we can’t
figure it out, so let’s leave it up to the patient.” (P1, FG2)

In the delineation of reportable IFs, some professionals considered the health of patients’
family members as included in the duty of beneficence and hence they supported the
disclosure of IFs regarding a carrier status of a recessive condition.

“When patients find out, during a later pregnancy, that their child has Duchenne [muscular
dystrophy] although we have seen it in their older daughter... You don’t want this to happen.
That’s why we don’t work with an opt-out, to avoid this kind of thing.” (P2, FG2)
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Secondly, the scope of professional beneficence was sometimes delineated by the spectrum
of the “clinical gaze”. Some professionals characterised medical responsibilities as not strictly
limited to the diagnostic question, which resulted in a more extended perspective of a
patient’s health. Mainly professionals at two CMGs without an opt-out possibility for
actionable IFs advocated this holistic clinical gaze.

“It also creates a responsibility, | think, when a patient consults you for a condition and there
is also something else in the family which might be important, that you have to keep this in
mind and do something about it. We have had such a discussion, about someone who
consulted us for cancer while there was also a history of aneurysms in the family. This was not
followed up and the patient died of an aorta aneurysm. Afterwards, it was discussed whether
it was the counsellor’s responsibility to follow up on this.” (P9, FG4)

Other participants, however, defined their fundamental responsibility as more restricted.
Patients were characterised as diagnostically focussed and aiming for a specific answer to a
particular question. To address this request and to answer patients’ questions most efficiently,
professionals should adopt this diagnostically focussed clinical gaze. Hence, these
professionals supported the use of specific, demand-driven tests that minimise the chance of
additional findings.

“I think that we, clinicians, should try to avoid finding IFs as much as possible and so we should
use as many filters as possible to avoid them.” (P3, FG5)

Finally, and associated with the scope of beneficence, several participants mentioned and
showed enthusiasm for a future practice of SFs (described as a practice of opportunistic
screening with a presymptomatic risk disclosure). This possibility was mentioned by
professionals at both CMGs with and without an opt-out possibility for IFs and it was
presented as a practice that could meet patients’ increasing demand for genomic information
and a practice that could achieve a higher level of care. Some professionals even feared that
denying a practice of SFs could someday be labelled a medical error. However, there was a
consensus among professionals at all Belgian CMGs not to routinely pursue SFs yet and to
consider this practice as currently falling outside the scope of beneficence. Various underlying
reasons were mentioned for this limited scope. Firstly, a practice of SFs might be a
disproportionate investment of limited budgetary, logistical, human and technical resources.
Combined with a lack of specific guidelines, this could result in less valid and potentially
harmful results and it would disadvantage a CMG’s workflow and lengthen the waiting time
for diagnostic results. Secondly, and partly due to lay people’s genetic illiteracy, society was
not considered ready for a routine practice of SFs. Finally, it was suggested that patients
fundamentally do not want to receive additional results (whether IFs or SFs) because of the
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intrinsic “bad news” they include. Even though IFs or SFs might be useful, no patient wants to
be confronted with additional health risks. Therefore, there was an agreement among
professionals on patients’ future right to opt out of SFs. This right was also stressed by
professionals of CMGs without an opt-out possibility for actionable IFs.

“You cannot offer a kind of package deal and say “we are going to do this test and you are also
obliged to accept these SFs [...].” That is something you can’t do, it would be unethical.” (P1,
FG7)

The fundamental restraint towards additional “bad news” did not only apply to patients. At
two CMGs, participants expressed the professional feeling of emotional distress caused by IFs.
Neither patients nor professionals are looking for IFs and a confrontation with these findings
is unpleasant to both parties. Hence reporting IFs was characterised as “a dirty job” that still
needs to be done; finding the balance between autonomy, beneficence and non-maleficence
was experienced as “mental gymnastics” for professionals.

“Most people don’t really want to know [this information] anyway, but | think, if you find it,
they should know. But it’s... | try not to get in that situation, if possible [...] If | ask for a
cardiomyopathy, | don’t want to find BRCA mutations, | don’t want to find a mental retardation
mutation! [...] as a medical person, as a doctor, | feel that | have to do it, but still, if | were the
patient, | wouldn’t be pleased to find out. | would rather know, but | wouldn’t be pleased about
it.” (P8, FG3)

6.5. Discussion

Professionals at Belgian CMGs frequently justified their centre’s practice and policy regarding
IFs and SFs by ethical principles. As a consequence of the use of ES-based panel testing and a
limited experience with IFs in clinical ES, it should be acknowledged that these justifications
might not only consider actual practices but also preferable future policies.

In line with international scholarly literature, professionals frequently referred to principles of
autonomy, non-maleficence and beneficence (8). The disclosure of IFs was supported by
respect for patient autonomy, the professional delineation of reportable IFs was supported by
non-maleficence and the spectrum of beneficence, and the decision not to actively pursue SFs
was supported by the currently limited scope of beneficence. The possibility of opting out of
actionable IFs was the most discussed element during the focus groups and various ethical
values regarding this practice were weighed up. Allowing an opt-out was justified by the values
of autonomy (respecting a preference not to know) and non-maleficence (not inflicting
psychological or medical harm), whereas not allowing an opt-out was mainly justified by the
principle of beneficence (preventing future medical harm as a duty of care). The weighing of
these values was strongly influenced by professional ideas about patients’ genetic literacy,
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their (inadequate) understanding of ES and IFs and their ability to make informed and
autonomous decisions. These assumptions affected professionals’ final choice regarding an
opt-out possibility and resulted in mandatory reporting of actionable IFs at some Belgian
CMGs. The mandatorily reporting of IFs, irrespective of patients’ preferences, might sound
contestable in current, patient-centred ideologies, but it is supported by recommendations by
the ESHG and EuroGentest, which advocate a professional final decision regarding the
disclosure of serious and actionable IFs (2, 4). Conversely, the policy of half of the Belgian
CMGs that allow an opt-out from IFs is supported by Vears et al.’s points to consider for
laboratories and by the CCMG position statement which states that “competent adults should
be given the option prior to testing to receive (or not receive) incidental findings unrelated to
the primary test indication” (6, 7).

If the reporting of IFs occurs against a patient’s consent, this disclosure might be
conceptualised as medical paternalism, i.e. interference in a patient’s autonomy without this
patient’s consent, but only because the medical professional is genuinely concerned about
patients’ health and wellbeing and thinks that his/her interference will benefit the patient (32-
35). Since the professional’s action consists of an epistemic intervention - the disclosure of
medical information which is considered useful - the mandatory reporting of actionable IFs
can also be labelled as “epistemic paternalism” (36, 37).

In line with traditional bioethical discourse, the mandatory disclosure of actionable IFs at three
Belgian CMGs would be considered soft paternalism because patients are assumed to lack the
genetic literacy to fully understand the consequences and impact of ES and IFs and hence, in
this context, they are unable to make informed, autonomous decisions (25, 38, 39). Soft
paternalism is not uncontested but accepted by many as a common medical intervention and
is, on occasion, also preferred by patients themselves (25, 40). In addition to the previous
conceptualisation, we will refer to the mandatory reporting of actionable IFs as technological
soft paternalism. In comparison to other medical information that patients might understand,
ES-technology and the abundant and complex results it might generate (including IFs) are, also
after standard pre-test counselling, considered very complex for the average patient (34, 41).
Hence the medical technology used is the specific and context-dependent cause of patients’
inadequate understanding and inability to make autonomous decisions, and it is the
underlying technological justification of soft paternalism.

In summary, the technological, soft paternalism regarding actionable IFs can be characterised
as the professional decision, motivated by patients’ best interests, to disclose actionable IFs
because patients lack the genetic literacy to understand the technology of ES and its complex
results and hence are, in this context, incapable of autonomous decisions.

Despite the technological, soft paternalism’s grounds in undeniably complex medical
information and its benevolent focus on patients’ wellbeing, some remarks can be made
regarding its justification and efficacy in the specific context of clinical ES and actionable IFs.
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Firstly, as the soft paternalism is grounded in the specific context of ES-technology and its
complex results, the mandatory reporting of actionable IFs might be considered a modus of
“procedural paternalism”: only in the specific context of genetic testing by means of ES-
technology and at the specific time of diagnostic testing are patients incompetent and non-
autonomous and hence professionals are authorised to decide on the disclosure of results
without patients’ consent (39), However, it is hard to claim that, even in this specific
technological context, every patient lacks the genetic literacy to understand complex ES-
results, and hence is incompetent to decide autonomously about the disclosure of these
results. It seems that exceptions to technological, soft and procedural paternalism should be
allowed but it is unclear how these exceptions are compatible with the principle of justice.
These reflections were also expressed by professionals from some Belgian CMGs and in
participants’ restraint concerning more personalised choices regarding IFs because of their
possible violation of the justice principle. Technological, soft paternalism could also be
considered a type of “endangerment paternalism”, where actions are generally subjected to
paternalistic actions because of the risk that at least some people are incompetent (39).
However, this would imply that some patients are limited in their actions without actual proof
of their inadequate understanding, turning the paternalistic intervention into hard
paternalism towards autonomous persons (39). Moreover, autonomous decisions about IFs
might not require a full and technological understanding of ES and instead, autonomy and
genetic literacy might be considered a continuum. Rather than an absolute ideal, autonomy
can be considered a threshold concept where patients have a sufficient understanding and are
sufficiently competent and autonomous (36, 39). It is also likely that this understanding should
not focus on the technology of ES, but rather on comprehensible and practical consequences
of test results, an idea which was, along with the suggestion about new ways of counselling,
also raised by Belgian professionals (3, 42, 43). The possibility or at least the pursuit of a
sufficiently informed and autonomous patient does, however, not deny professionals’ more
profound understanding of ES and genomic results, and this expert epistemic position applies
generally in medicine (25). Moreover, the complexity of ES-results is generally acknowledged
and literature has shown that the genetic literacy of the general population is rather limited
(44, 45). Hence, doubts about patients’ ability to make informed decisions about IFs, even
after pre-test counselling, are not uniquely Belgian concerns (17, 46). In conclusion, rather
than aiming for a fully informed patient decision-making, the issue of IFs might be agreed upon
by a dynamic process of shared decision-making, in which both the patient and professional
participate actively (33). This idea aligns with the suggestion that counselling and consent
should not focus strictly on information provision and patients’ individual, rational and
autonomous decisions, but should pursue a relational autonomy where patients and
professionals reach a decision collaboratively (47). In such a relational decision-making
process, respect for autonomy and beneficence might be expressed in such a way that both
values can be respected (48).
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Secondly, the mandatory reporting of actionable IFs was partly supported by the assumption
that an autonomous patient would agree with disclosure. This suggests that a preference to
know is the rational preference because it is well-informed. This idea was also expressed by a
Belgian professional who considered a desire to know to be a rationally grounded choice,
whereas a desire not to know was usually considered emotionally grounded. However, the
association between wanting to know and rationality on the one hand, and not wanting to
know and emotion on the other hand, could be challenged. Various emotional reasons are
possible for wanting to know IFs, for instance a fearful desire to control life as much as
possible. Conversely, as also suggested by professionals who support an opt-out and might
value non-maleficence (and autonomy) over beneficence, knowledge can be emotionally
disturbing and the rational control over one’s life can necessitate some degree of ignorance
(35).

“Rationality sovereignty” (39), which supports the normative standard of wanting to know, is
related to the well-known argument of incoherence, which states that ignorance inherently
conflicts with autonomy and that autonomous individuals who want to make informed
decisions cannot ignore relevant medical information (14, 36). Likewise, Harris has advocated
that patients should be “rational choosers” who base their decisions on “an appropriate level
of information” (49). Whether the argument of incoherence is true or not, it does not apply
to the mandatory reporting of IFs. If patients need to be competent and autonomous, they
need to be informed about the process of testing, the procedure of ES and its possible
consequences, including IFs, before testing and not afterwards about actual IFs. The claim that
being adequately informed requires the mandatory reporting of IFs confounds the
prerequisites of an autonomous decision (i.e. being adequately informed about the genetic
testing procedure and possible results) and its possible consequences (i.e. being informed
about identified IFs). The only way to validate this claim is to state that ignorance about
actionable IFs can impede future autonomous decisions about one’s health and life. However,
as stated above, receiving IFs does not absolutely guarantee an enhanced rationality or, as
explained below, a better medical and/or psychological outcome.

A last remark should be made on some professionals’ claim that few patients dispute the
mandatory reporting of actionable IFs. A central clause of medical paternalism concerns the
act of going against patients’ preferences (33). If most patients seem to value the return of
actionable IFs positively, it might be questioned whether the mandatory reporting can actually
be classified as a paternalistic intervention. Sandman and Munthe have stated that decisions
and interventions are paternalistic whenever they ignore patients’ perspectives, even if they
do not explicitly go against patients’ preferences (33). Even if patients retrospectively approve
of professional decisions, their autonomy is partly undermined by being denied some control
over the decision-making process (33). Moreover, this retrospective approval might be the

128



effect of a psychological coping strategy to accept information one cannot unlearn.
Nevertheless, from a consequentialist point of view, which also supports paternalism and its
beneficent outcomes in general, it might be upheld that the (moral) harm of mandatorily
reported IFs is decreased by patients’ retrospective approval of the paternalistic and epistemic
intervention.

The mandatory reporting of IFs may certainly result in effective prevention or early treatment
of disease. However, it might be questioned whether the soft paternalism regarding
actionable IFs is absolutely effective. A minimum requirement for paternalism to be justified
is that its benefits outweigh its risks (25). This claim echoes the screening criteria of Wilson
and Jungner and the American Medical Association (AMA) Principles of Medical Ethics, which
state that genetic testing is most opportune when it will meaningfully affect a patient’s care
(13, 50). Hence it should be demonstrated that mandatorily reporting actionable IFs will
benefit a patient’s health, a claim which is, however, contested sometimes. Knoppers has
warned for the “overpromising” of genetic data and, more generally, the pathogenicity,
penetrance and expression of variants in asymptomatic persons have been disputed (51). IFs
may vary in reliability and possible use and it should be realised that reporting misinterpreted
or uncertain findings might result in unnecessary or harmful follow-ups or interventions (35,
37, 52-55). Moreover, IFs might cause changes in family, social and professional structures,
considerable financial costs, problems regarding insurance or, as already mentioned,
emotional harm (35, 36). For Belgian professionals who support an opt-out possibility, the
values of non-maleficence and patient autonomy might take precedence over professional
beneficence because of these possible negative consequences of reported IFs. For
professionals who reject an opt-out possibility, these potential consequences are, per contra,
not considered sufficient reasons to outweigh the professional duty of beneficence. If,
however, the advantages of reported IFs were surpassed by (possibly underestimated)
negative consequences, then the mandatory reporting of IFs invalidates the benefit that
paternalism is supposed to provide and violates the professional duty of non-maleficence (55).

This introduces a last topic: the scope of values and, more specifically, the delineation of a
patient’s best interest and of a professional’s responsibility and beneficence.

Firstly, this topic was reflected in discussions on reportable IFs. Should only results which
might benefit a patient’s medical interest be disclosed? Or should a medical professional also
consider results for a patient’s psychological and personal benefit or for the health of his/her
family members? Some Belgian professionals referred to a family-wide concept of medical
beneficence when arguing for a possible disclosure of IFs regarding a carrier status of a
recessive condition, an idea for which international support has increased (7, 56). Bullock’s
context-sensitive evaluation of patients’ best interest further broadens the concept by stating
that the disclosure of medical information should be guided by an evaluation of patients’
physical health, their short- and long-term psychological wellbeing and respect for and the
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facilitation of their (future) autonomy (36). The delineation of a patient’s best interest is
related to the debate on IFs’ actionability and the question of whether these genomic findings
should only enable medical interventions or also personally valuable actions, a topic which we
have discussed elsewhere (57).

Secondly, questions about the delineation of beneficence were reflected in professionals’
divergent ideas on the spectrum of the professional “clinical gaze”. Whereas some (especially
people working in CMGs without an opt-out possibility) advocated a more holistic clinical gaze
that is not strictly bound by the diagnostic question, others defended a professional diagnostic
focus, in line with patients’ core interest. However, and irrespective of participants’
perspective on the clinical gaze or opting out of IFs, no one has currently recommended the
deliberate pursuit of SFs. Belgian professionals showed that they were well-acquainted with
the ACMG recommendations on SFs and sometimes they (implicitly) referred to these
recommendations to explain or justify their CMG’s policy on IFs. An example concerned a
participant’s delineation of the spectrum of reportable IFs (“Professional bodies have decided
that it’s about the actionables. Hence, only cancer and cardiac conditions have been included.”
P11, FG 2). This echo of recommendations on SFs in the discourse about IFs might be partially
caused by a limited experience with IFs in clinical ES but it also illustrates these
recommendations’ international impact. The intertwinement between the discourse about IFs
and the one about SFs can also be discerned in laboratory points to consider, where it is stated
that “[i]f a variant on the ACMG list is identified as UF [unsolicited finding] then it should be
reported.” (7). Despite this echoing of recommendations on SFs, there was a consensus among
professionals from Belgian CMGs that the active pursuit of SFs currently exceeds the spectrum
of beneficence. Underlying arguments were society’s unpreparedness for this practice (an
idea associated with genetic illiteracy) and people’s fundamental unwillingness to hear bad
news (an idea associated with the duty of non-maleficence). However, these problems could
be countered by initiatives that increase people’s genetic literacy and by an absolute opt-out
possibility for SFs. Hence the most fundamental argument for the decline of a practice of SFs
might be professionals’ statement that this practice is currently an unjust allocation of limited
resources. Even though some Belgian professionals were enthusiastic about potentially
achieving a “higher level of care” through SFs, this practice was considered currently
unfeasible and hence inappropriate. This opinion tallies with the AMA-principle that specific
care can be denied when it compromises the provision of more fundamental care and with
the ethical acknowledgement of a limited professional duty of beneficence because of limited
resources and distributive justice (13, 25). In this sense, Belgian professionals’ perspective
conflicts with ACMG members’ evaluation of screening for SFs as standard medical practice
and with the suggestion that if diagnostically unrelated information is that valuable, its
discovery should not be left to coincidence but actively pursued (1, 5, 52, 58). Justice, as
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argued by this last statement, should not be achieved by withholding the opportunity of SFs
from patients but by guaranteeing equal access to these results for all patients (52).

In Belgian CMGs, the current lack of resources and the principle of distributive justice may not
only justify the current decision not to actively pursue SFs but also the nationwide use of ES-
based panel testing (as both practices limit the amount of analysed genes and hence of
required resources). This limitation of possible results (including IFs) is supported by
international professionals’ questioning of the return and pursuit of IFs and SFs as the most
efficient use of limited resources (17, 55, 59, 60). A filtered analysis minimises (but cannot
completely avoid) the chance of IFs and - most of the time - it is most efficient in terms of
diagnostic clinical relevance, it avoids an information overload and it allows clinicians to
maximally realise their clinical task (59). Hence, it is within the boundaries of this panel of
available results that concepts of reportable results, opt-out and mandatory disclosure should
be considered. It also implies that even the professional duty of geneticists who assign
themselves the responsibility of a more holistic clinical gaze is still bound and delineated by
the scope of the genetic panel. In other words: for reasons of beneficence, the clinical gaze
and the spectrum of professional duty might exceed the diagnostic question but currently, for
reasons of distributive justice, this duty does not exceed the scope of the diagnostic panel.
Ultimately, this suggests that the value of distributive justice profoundly delineates the scope
in which values of autonomy, non-maleficence and beneficence are currently debated. An
increase in available resources, decreasing costs of clinical ES-based testing or evolutions in
scientific knowledge, societal preferences or people’s genetic literacy may (but not necessarily
should) affect the impact of distributive justice, the spectrum of reportable results and the
weighing of values in an ethical disclosure policy on IFs and SFs.

6.6. Conclusions

Professionals at Belgian CMGs frequently refer to ethical values for disclosure policies on IFs
and SFs. Respect for patient autonomy is invoked to support the disclosure of IFs and opt-out
options, non-maleficence to support the delineation of reportable IFs and opt-out options and
(the scope of) beneficence to support a mandatory reporting of actionable IFs, the delineation
of reportable IFs and a current decline of actively pursued SFs. Additionally, the value of
distributive justice largely delineates the scope of reportable results and the spectrum in
which ethical values are currently debated. Over the coming years, the spectrum of the ethical
debate on IFs and SFs might change and initiatives to improve people’s genetic literacy might
affect the legitimacy of a restriction in patient choices on disclosure. Soft paternalism may be
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acceptable, but the validity of its motives and the plausibility of its beneficent outcome should
be continuously verified in the context of scientific, economic and societal evolutions.

This study does not address all aspects of IFs and SFs which require ethical reflection. Topics
concerning the informing of family members about IFs, the notification of patients when new
information on IFs is available and the implications of patients’ choices for the use of
(electronic) health records or patient portals are not included in the scope of this article but
definitely require further research. The results of this study emerge from a Belgian context
with its specific healthcare structure. However, the way values are weighed in the context of
IFs and SFs might be familiar to or instructive for other countries. Therefore, a more
international and collective debate on the ethical grounds for a solid (future) policy on IFs and
SFs might be highly valuable.

Acknowledgements
We would like to thank all professionals from the included Belgian CMGs for their
participation.

Authors’ contributions

MS developed the interview guide, recruited participants and moderated the focus groups.
She transcribed the focus group recordings and thematically analysed the transcripts. MS was
a major contributor in writing the manuscript.

The interview guide was evaluated by HM, who also attended the focus groups as an observer.
HM evaluated thematic structures and fundamentally reviewed draft manuscripts.

A secondary analysis of a data subset, including transcripts and initial code schemes, was made
by TM. TM and MS discussed and revised theme names, definitions and structures until
consensus was reached. TM also fundamentally reviewed draft manuscripts.

EDB and ID facilitated recruitment and they evaluated the interview guide and preliminary
thematic structures. Draft manuscripts were exhaustively reviewed by EDB and ID and they
both contributed to the final structure of the manuscript.

All authors have read and approved the final manuscript.

Funding

This study is supported by a Special Research Fund - Concerted Research Actions (BOF - GOA)
BOF15/GOA/011. Co-authors HM and EDB are supported by funding from the Research Foundation
Flanders — Fonds Wetenschappelijk Onderzoek (FWQO), respectively 1205415N and 1802215N. Co-
author TM is supported by a Clinical PhD fellowship from the Research Foundation Flanders — Fonds
Wetenschappelijk Onderzoek (FWO), 1700618N.

The funding sources had no role in the design and conduct of the study, in the collection, management,
analysis and interpretation of the data, or in the preparation, review, or approval of the manuscript.

132



Availability of data and material

None of the data generated and analysed during this study are publically available for reasons
of personal privacy, but they are available from the corresponding author in response to a
reasonable request.

Ethics approval and consent to participate

This study is approved by the Commission of Medical Ethics at Ghent University Hospital
(reference number B670201628974). Participants signed an informed consent form, and
personal information was altered or removed to create an anonymous report.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

133



6.7. References

1. Green RC, Berg JS, Grody WW, Kalia SS, Korf BR, Martin CL, et al. ACMG
recommendations for reporting of incidental findings in clinical exome and genome
sequencing. Genet Med. 2013;15(7):565-74.

2. van El CG, Cornel MC, Borry P, Hastings RJ, Fellmann F, Hodgson SV, et al. Whole-
genome sequencing in health care Recommendations of the European Society of Human
Genetics. Eur J Hum Genet. 2013;21(6):580-4.

3. Presidential Commission for the Study of Bioethical Issues. Anticipate and
communicate: ethical management of incidental and secondary findings in the clinical,
research, and direct-to-consumer contexts. 2013.

http://bioethics.gov/sites/default/files/FINALAnticipateCommunicate PCSBI 0.pdf.
Accessed June 2017.

4, Matthijs G, Souche E, Alders M, Corveleyn A, Eck S, Feenstra |, et al. Guidelines for
diagnostic next-generation sequencing. Eur J Hum Genet. 2016;24(1):2-5.
5. Kalia SS, Adelman K, Bale SJ, Chung WK, Eng C, Evans JP, et al. Recommendations for

reporting of secondary findings in clinical exome and genome sequencing, 2016 update
(ACMG SF v2.0): a policy statement of the American College of Medical Genetics and
Genomics. Genet Med. 2017;19(2):249-55.

6. Boycott K, Hartley T, Adam S, Bernier F, Chong K, Fernandez BA, et al. The clinical
application of genome-wide sequencing for monogenic diseases in Canada: Position
Statement of the Canadian College of Medical Geneticists. ] Med Genet. 2015;52(7):431-7.

7. Vears D, Sénécal K, Clarke A, Jackson L, Laberge A, Lovrecic L, et al. Points to consider
for laboratories reporting results from diagnostic genomic sequencing. Eur J Hum Genet.
2018;26(1):36.

8. Christenhusz GM, Devriendt K, Dierickx K. Disclosing incidental findings in genetics
contexts: A review of the empirical ethical research. Eur ) Med Genet. 2013;56(10):529-40.
0. Schaefer GO, Savulescu J. The Right to Know: A Revised Standard for Reporting

Incidental Findings. Hastings Cent Rep. 2018;48(2):22-32.

10. World Health Organization. A declaration on the promotion of patients’ rights in
Europe. 1994. https://www.who.int/genomics/public/eu declaration1994.pdf. Accessed 18
Jan 2019.

11. Council of Europe. Convention for the protection of Human Rights and Dignity of the
Human Being with regard to the Application of Biology and Medicine: Convention on Human
Rights and Biomedicine. 1997. https://www.coe.int/en/web/conventions/full-list/-
/conventions/rms/090000168007cf98. Accessed 15 Jan 2019.

12. UNESCO. Universal Declaration on the Human Genome and Human Rights. 1997.
https://unesdoc.unesco.org/ark:/48223/pf0000110220.page=47. Accessed 15 Jan 2019.

13. American Medical Association. Code of Medical Ethics. 2001. https://www.ama-
assn.org/delivering-care/ethics/code-medical-ethics-overview Accessed 11 Feb 2019.

14, Wilson J. To know or not to know? Genetic ignorance, autonomy and paternalism.
Bioethics. 2005;19(5-6):492-504.

134



15. Boardman F, Hale R. Responsibility, identity, and genomic sequencing: A comparison
of published recommendations and patient perspectives on accepting or declining incidental
findings. Mol Genet Genom Med. 2018;6(6):1079-96.

16. World  Medical Association. WMA  Declaration of Geneva. 2017.
https://www.wma.net/policies-post/wma-declaration-of-geneva/. Accessed 26 June 2019.
17. Mackley MP, Fletcher B, Parker M, Watkins H, Ormondroyd E. Stakeholder views on
secondary findings in whole-genome and whole-exome sequencing: a systematic review of
quantitative and qualitative studies. Genet Med. 2017;19(3):283-93.

18. McGuire AL, Joffe S, Koenig BA, Biesecker BB, McCullough LB, Blumenthal-Barby JS, et
al. Point-counterpoint. Ethics and genomic incidental findings. Science. 2013;340(6136):1047-
8.

19. Shkedi-Rafid S, Dheensa S, Crawford G, Fenwick A, Lucassen A. Defining and managing
incidental findings in genetic and genomic practice. ) Med Genet. 2014;51(11):715-23.

20. PHG Foundation, Hall A, Hallowell N, Zimmern R. Managing incidental and pertinent
findings from WGS in the 100,000 Genomes Project. 2013.
http://www.phgfoundation.org/documents/326 1369298828.pdf. Accessed June 2017.

21. Middleton A, Patch C, Wiggins J, Barnes K, Crawford G, Benjamin C, et al. Position
statement on opportunistic genomic screening from the Association of Genetic Nurses and
Counsellors (UK and Ireland). Eur J Hum Genet. 2014;22(8):955-6.

22. Ross LF, Rothstein MA, Clayton EW. Mandatory Extended Searches in All Genome
Sequencing "Incidental Findings," Patient Autonomy, and Shared Decision Making. JAMA-J Am
Med Assoc. 2013;310(4):367-8.

23. ACMG Board of Directors. ACMG policy statement: updated recommendations
regarding analysis and reporting of secondary findings in clinical genome-scale sequencing.
Genet Med. 2015;17:68-9.

24, Andorno R. The right not to know: an autonomy based approach. J Med Ethics.
2004;30(5):435-9.

25. Beauchamp TL, Childress JF. Principles of biomedical ethics: Oxford University Press,
USA; 2001.

26. Vos S, van Delden JIM, van Diest PJ, Bredenoord AL. Moral Duties of Genomics
Researchers: Why Personalized Medicine Requires a Collective Approach. Trends Genet.
2017;33(2):118-28.

27. Gill P, Stewart K, Treasure E, Chadwick B. Methods of data collection in qualitative
research: interviews and focus groups. Br Dent J. 2008;204(6):291.

28. Silverman D. Doing qualitative research: A practical handbook. 4th ed. London: SAGE
Publications Limited; 2013.

29. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol.
2006;3(2):77-101.

30. Creswell JW, Miller DL. Determining validity in qualitative inquiry. Theory into practice.
2000;39(3):124-30.

31. Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative research
(COREQ): a 32-item checklist for interviews and focus groups. Int J Qual Health Care.
2007;19(6):349-57.

135



32. Dworkin G. "Paternalism". In The Stanford Encyclopedia of Philosophy.
https://plato.stanford.edu/archives/win2017/entries/paternalism/. Accessed 23 July 2019.
33. Sandman L, Munthe C. Shared Decision Making, Paternalism and Patient Choice.
Health Care Anal. 2010;18(1):60-84.

34, Holroyd J. Relational autonomy and paternalistic interventions. Res Publica.
2009;15(4):321.

35. Takala T. Genetic ignorance and reasonable paternalism. Theor Med Bioeth.
2001;22(5):485-91.

36. Bullock EC. Mandatory Disclosure and Medical Paternalism. Ethical Theory Moral Pract.
2016;19(2):409-24.

37. Nijsingh N. Consent to epistemic interventions: a contribution to the debate on the
right (not) to know. Medicine Health Care and Philosophy. 2016;19(1):103-10.

38. Savulescu J. Rational non-interventional paternalism: Why doctors ought to make
judgments of what is best for their patients. J Med Ethics. 1995;21(6):327-31.

39. Fateh-Moghadam B, Gutmann T. Governing through Autonomy. The Moral and Legal
Limits of "Soft Paternalism". Ethical Theory Moral Pract. 2014;17(3):383-97.

40. Rodriguez-Osorio CA, Dominguez-Cherit G. Medical decision making: paternalism
versus patient-centered (autonomous) care. Current opinion in critical care. 2008;14(6):708-
13.

41. Grady C. Enduring and emerging challenges of informed consent. N Engl J Med.
2015;372(9):855-62.

42. Gourna EG, Armstrong N, Wallace SE. Compare and contrast: a cross-national study
across UK, USA and Greek experts regarding return of incidental findings from clinical
sequencing. Eur J Hum Genet. 2016;24(3):344-9.

43. Wicklund CAL, Duquette DA, Swanson AL. Clinical genetic counselors: An asset in the
era of precision medicine. Am J Med Genet C. 2018;178(1):63-7.

44, Krakow M, Ratcliff CL, Hesse BW, Greenberg-Worisek AJ. Assessing Genetic Literacy
Awareness and Knowledge Gaps in the US Population: Results from the Health Information
National Trends Survey. Pub Health Genomics. 2017;20(6):343-8.

45, Tomlinson AN, Skinner D, Perry DL, Scollon SR, Roche MI, Bernhardt BA. “Not tied up
neatly with a bow”: professionals’ challenging cases in informed consent for genomic
sequencing. J Genet Couns. 2016;25(1):62-72.

46. Berg JS, Amendola LM, Eng C, Van Allen E, Gray SW, Wagle N, et al. Processes and
preliminary outputs for identification of actionable genes as incidental findings in genomic
sequence data in the Clinical Sequencing Exploratory Research Consortium. Genet Med.
2014;16(2):203-.

47. Samuel GN, Dheensa S, Farsides B, Fenwick A, Lucassen A. Healthcare professionals'
and patients' perspectives on consent to clinical genetic testing: moving towards a more
relational approach. Bmc Medical Ethics. 2017;18:11.

48. Cohen S. The logic of the interaction between beneficence and respect for autonomy.
Medicine Health Care and Philosophy. 2019;22(2):297-304.

49, Harris J, Keywood K. Ignorance, information and autonomy. Theor Med Bioeth.
2001;22(5):415-36.

136



50. Wilson J, Jungner G. Principles and practice of screening for disease. 1968.
http://www.who.int/bulletin/volumes/86/4/07-050112BP.pdf. Accessed Jan 2019.

51. Knoppers BM. From the Right to Know to the Right Not to Know. The Journal of Law,
Medicine & Ethics. 2014;42(1):6-10.

52. Wouters RH, Bijlsma RM, Frederix GW, Ausems MG, van Delden JJ, Voest EE, et al. Is It
Our Duty To Hunt for Pathogenic Mutations? Trends in molecular medicine. 2018;24(1):3-6.
53. Holtzman NA. ACMG recommendations on incidental findings are flawed scientifically
and ethically. Genet Med. 2013;15(9):750-1.

54, Burke W, Antommaria AHM, Bennett R, Botkin J, Clayton EW, Henderson GE, et al.
Recommendations for returning genomic incidental findings? We need to talk! Genet Med.
2013;15(11):854-9.

55. Ormondroyd E, Mackley MP, Blair E, Craft J, Knight JC, Taylor JC, et al. "Not pathogenic
until proven otherwise": perspectives of UK clinical genomics professionals toward secondary
findings in context of a Genomic Medicine Multidisciplinary Team and the 100,000 Genomes
Project. Genet Med. 2018;20(3):320-8.

56. O'Daniel JM, McLaughlin HM, Amendola LM, Bale SJ, Berg IS, Bick D, et al. A survey of
current practices for genomic sequencing test interpretation and reporting processes in US
laboratories. Genet Med. 2017;19(5):575-82.

57. Saelaert M, Mertes H, Moerenhout T, Baere E, Devisch |. Criteria for reporting
incidental findings in clinical exome sequencing - a focus group study on professional practices
and perspectives in Belgian genetic centres. BMC Med Genomics. 2019;12(1):11.

58. Scheuner MT, Peredo J, Benkendorf J, Bowdish B, Feldman G, Fleisher L, et al.
Reporting genomic secondary findings: ACMG members weigh in. Genet Med. 2015;17(1):27-
35.

59. Christenhusz GM, Devriendt K, Vermeesch J, Dierickx K. Why Genomics Shouldn't Get
Too Personal: In Favor of Filters Re: Invited Comment by Holly K. Tabor et al. in American
Journal of Medical Genetics Part A Volume 155. American Journal of Medical Genetics Part A.
2012;158A(10):2641-2.

60. Townsend A, Adam S, Birch PH, Lohn Z, Rousseau F, Friedman JM. "I Want to Know
What's in Pandora's Box": Comparing Stakeholder Perspectives on Incidental Findings in
Clinical Whole Genomic Sequencing. American Journal of Medical Genetics Part A.
2012;158A(10):2519-25.

137



138



Cha pter 7 — AN INTEGRATIVE MEANING OF GENOMIC INCIDENTAL FINDINGS — A QUALITATIVE
STUDY AMONG PATIENTS WITH AN INHERITED RETINAL DISEASE

Saelaert M, Mertes H, Moerenhout T, Leroy BP, Van Cauwenbergh C, Devisch |, & De Baere E. An
integrative meaning of genomic incidental findings — A qualitative study among patients with an

inherited retinal disease. (In preparation)

139



140



7.1. Abstract

Genome-based testing may not only answer a patient’s diagnostic question but it can also
reveal incidental findings (IFs), i.e. predispositions for potential disease that exceed the test
indication. Knowledge of patients’ interpretation of possible IFs and of motives for (not)
wanting to know particular IFs is still limited. This article examines the meaning of IFs from a
patient perspective. An interpretative phenomenological analysis was made of 14 interviews
with patients with an inherited retinal disease.

Patients assign a complex meaning structure to IFs, including three main components. The
first component focusses on the characteristics of an IF and possible consequences of
disclosure; the second component applies to the impact of a patient’s lived illness experience;
the third component addresses a patient’s family embedding and its variable relevance in
different contexts.

The complex meaning structure of IFs suggests the need for personalised counselling
procedures that transcend a strictly clinical and result-centred approach.

7.2. Introduction

Currently, genetic testing by whole-exome sequencing (WES) is increasingly implemented in
the clinic as an efficient technique to diagnose Mendelian (monogenic) diseases (1, 2). As WES
is able to simultaneously sequence a vast number of genetic regions (3-5), the technique is
particularly appropriate for identifying the cause of genetically heterogeneous conditions that
may be caused by pathogenic variants in multiple genes (6). Since WES virtually analyses all
protein-coding genes, molecular findings may be identified that are beyond the test’s
diagnostic aim. These diagnostically unrelated and potentially important findings can be
unintentionally discovered as incidental findings (IFs) or actively pursued as secondary findings
(SFs) (7, 8).

Patients and lay people have shown a strong interest in IFs and SFs and they generally prefer
the disclosure of many types of results, including findings associated with an increased cancer
risk, early-onset conditions or a carrier status of recessive conditions (3, 9-11). Some studies
have indicated a predominant interest in “medically actionable” findings (12-15), meaning
results for which a medical treatment or prevention is available that could improve the
outcome of the associated condition (16). These medically actionable IFs and SFs are
considered an opportunity for disease prevention and future informed medical decision-
making (17-19). However, people are not merely interested in the medical significance of
genetic results and many also want to receive medically non-actionable IFs and SFs, for
instance associated with progressive neurodegenerative conditions or multifactorial
conditions (3, 9, 20-22). Many people interpret ‘actionability’ in a broad sense and refer to
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lifestyle changes, the psychological, reproductive and future value of genetic results and the
value of knowing in itself (12, 13, 18-20, 22, 23).

Nevertheless, not everyone wants to receive (all) diagnostically unrelated findings (23).
Reasons for not wanting to know are the potential costs of additional testing, the complexity
of results, a strict focus on diagnostic results or a distrust in the healthcare system (13). The
most important reason for not wanting to receive IFs and SFs is the risk of psychological harm
and distress and the fear of not being able to emotionally cope with these results (3, 14, 18,
21). This psychological risk has been specifically associated with results without a clear
pathologic significance (variants of uncertain significance or VUS) and with medically non-
actionable findings (12, 13, 19). Nevertheless, the rationale of emotional harm is mentioned
more frequently by professionals than by patients and patients generally suppose that
refusing the disclosure of IFs and SFs may be more harmful than receiving these results (11,
19, 21-23).

Despite current research on patient preferences regarding IFs and SFs, many questions remain
unanswered. Firstly, research has often focussed on the perspective of cancer patients (3, 12,
15, 19). This is undeniably an important group of stakeholders who represent a large
proportion of patients that are genetically tested by WES and potentially confronted with IFs
and SFs. Patients with different conditions may, however, have different interests regarding
genomic results (18). Hence, the perspectives of patients with other illness experiences should
be investigated (23). Secondly, patients have been frequently asked to indicate the categories
of IFs and SFs they would like to receive, but it is still unclear how they exactly interpret these
categories (3, 10, 23, 24). Most attention has been paid to the category of (medically)
actionable results, but also a condition’s other characteristics should be explored from a
patient perspective. Thirdly, little is known about the underlying motives for patients’
preferences regarding IFs and SFs. The opportunity for (future) medical decision-making and
lifestyle adjustments, as well as the avoidance of psychological distress are important motives
for (not) wanting to know but the possibility of other reasons should be explored. Patients’
illness experience and their family history of disease may affect their perspective on IFs and
SFs but these suggestions require further investigation (11, 13, 19, 23, 25).

In response to these concerns, this article will profoundly examine the meaning of IFs and SFs
from a patient perspective. Particular attention will be paid both to the subjective
interpretation of IFs and SFs and to underlying motives for these interpretations and
associated preferences (not) to know. Specifically, the meaning of IFs will be investigated in
patients with an inherited retinal disease (IRD). This in-depth analysis may contribute to a
better care for patients who are diagnostically tested for various genetic conditions.
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7.3. Methods

7.3.1. Design

The design and analysis of this qualitative study are based on the method of interpretative
phenomenological analysis (IPA) (26). IPA aims to clarify personal meanings of lived
experiences or specific objects (‘phenomena’) in a homogeneous group of people (26). This
method is frequently used to understand subjective experiences in healthcare and health
psychology and it has also been applied for the interpretation of genetic results (27-29).
Moreover, IPA can be used to study people’s expectations and interpretations within a
broader context of experience (30).

7.3.2. Recruitment and participants

Participants were recruited by purposive sampling. People could be included in the study if
they had received a diagnosis of an IRD, were genetically tested, were at least 18 years old
and were able to fluently speak Dutch.

IRDs represent a large group of clinically and genetically heterogeneous eye disorders with an
estimated collective prevalence of 1 in 2000, affecting about two million people worldwide
(31). To date, IRDs have been associated with mutations in over 270 disease genes, making
WES-based testing a suitable approach for genetic testing (32). With the approval of Luxturna
™ as the first retinal gene therapy and with the progress of many promising gene-based
therapies for IRD, a definite genetic diagnosis in IRD is particularly important (33, 34).

Based on the inclusion criteria, EDB, BL and CVC (a geneticist, ophthalmic geneticist and
molecular geneticist involved in patients’ clinical care and genetic testing at Ghent University
Hospital) selected eligible participants. Selected patients were contacted by BL and EDB and
were informed about the study. Those who were potentially interested to participate and
agreed to be contacted by the lead researcher, were contacted by telephone by MS; they were
given some additional information and were asked for participation. When people agreed to
participate, an interview was scheduled. Fourteen patients (ten women and four men), aged
between 23 and 51, were interviewed. Twelve participants had undergone a diagnostic WES-
based test, of which 11 received positive genetic testing results. One participant received
genetic testing results by targeted gene panel testing and one (presymptomatic) participant
received a positive result by cascade testing of a familial mutation.
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7.3.3. Data collection

MS conducted all in-depth interviews. Interviews took place at the participant’s house or in a
room at the university or hospital, depending on patients’ preferences. All interviews were
conducted between January 2017 and February 2018 and lasted between 50 and 150 minutes.
When patients are diagnostically tested in Belgian centres for medical genetics, it is not
possible nowadays to ask for actively pursued SFs. For this reason, interviews were mainly
focussed on IFs. At the start of the interview, IFs were briefly explained. These results were
described as “additional genetic and health-related results which are unrelated to IRD”.
Examples of possible IFs were given and supplementary information was given if required. A
practice of SFs was also addressed during the interviews but generally, the focus was more on
the diagnostically unrelated character of these findings than on their accidental or active
discovery.

A semi-structured interview guide based on a literature study and evaluated by a
multidisciplinary team of an ethicist (HM), geneticist (EDB) and philosopher (ID), was used for
all interviews. Sociodemographic information (concerning age, work, children, siblings, etc.)
was collected throughout the interview. Examples of open-ended interview questions were
“How do you experience the condition of IRD and how does it affect your daily life?”, “How
did you experience the genetic testing process for IRD?”, “What are your spontaneous
thoughts about the possibility of additional genetic test results that are not related to IRD?”,
“Which kind of results would you be interested in?”, “What, do you think, would be the effect
of receiving these results?” and “How would you expect these results to affect your personal
life or family relations?”. To facilitate and support participants’ reflection, sensitising concepts
regarding characteristics of IFs-associated conditions, as identified in the literature, were
presented. These concepts included the (medical) actionability, penetrance (i.e. the
probability that a variant will express the associated condition), estimated age of onset,
impact on reproduction and severity, among others. For every concept, a separate card
(available in two font sizes) with a brief description was presented. Concepts were defined
with a minimal use of jargon and verbally illustrated with examples. These cards were not used
when the participant was not able to read them because of low vision. Participants indicated
whether they were able and/or willing to use the cards.

7.3.4. Data analysis

Interviews were audio-recorded, transcribed verbatim, made anonymous and saved on a
password-protected server until completion of the full research project. If an independent
transcriber was involved, the transcripts were checked for accuracy. Software program
NVivol2 was used to support data analysis. IPA requires a case-by-case analysis of the
transcripts that moves from a descriptive to an interpretative level. Initially, every interview
was read multiple times, while descriptive, linguistic and conceptual annotations were made.
Secondly, emerging themes were identified inductively. The emerging themes were listed in a
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table and connections and higher-order themes were determined. Every transcript was
analysed separately in this way, while always allowing for the appearance of new themes and
the adaptation of existing themes. Lastly, a table and framework of all superordinate themes
and subthemes, thematic connections, definitions, and significant excerpts was composed to
construct an overview of all interviews (26). This facilitated an interpretation of the data that
exceeded the sum of its parts (35).

As IPA is an interpretative pursuit, an extensive procedure combining peer debriefing and a
systematic audit trail was followed to ensure the credibility and trustworthiness of both the
process and product of analysis (36). TM independently analysed a subset of the data to
validate the analysis of MS. Transcripts, theme definitions and connections were thoroughly
discussed by MS and TM. Thematic structures and draft reports were exhaustively reviewed
by the multidisciplinary group of authors until consensus was reached between all of them.
Finally, quotes were selected, translated and included in the results to support the
interpretative results.

7.3.5. Ethics

This study was approved by the Commission of Medical Ethics at the Ghent University Hospital
(reference number B670201628974). Written consent was obtained from all participants. The
informed consent form was provided digitally when requested. Participants were assured that
participation or refusal would have no impact on their treatment and/or relationship with
their caregivers and that identifiable results would not be shared with treating physicians or
other care givers. Additionally, participants were informed that the interview could always be
paused or stopped. Several participants appreciated the interview as an opportunity to tell
their story. If participants asked for (professional) psychological support after the interview,
they were given the contact information of a genetic counsellor.

7.4. Results

In the inquiry of IFs’ meaning from a patient perspective, three superordinate themes were
identified:

i Result-specific qualities

ii. Lived illness experience

iii. Family embedding

These three themes corresponded with the main components of IFs” meaning structure and
with underlying motives for (not) wanting to know particular results.

Patients constructed the meaning of IFs throughout the interview and often, their
interpretation evolved and became more nuanced. Only one participant persistently
expressed the wish to know all possible IFs, including results with an uncertain pathogenic

145



significance, and only one patient held on to the idea of not wanting to know any IF. Most
participants oscillated between wanting to know and not wanting to know and they balanced
various conflicting motives. This ambivalence resulted from the simultaneous and interacting
impact of all three components of IFs’ meaning structure.

"At first sight, you would say “yes”. But if you think about it a bit more... | wouldn't want to
know what is going to happen. | think it’s quite frightening to know that within a few years,
you will get cancer or Alzheimer’s disease. [...] | think it’s an ambiguous thing. On the one hand,
you don't want to wait your entire life for something that might happen. On the other hand, it
might be useful to know. | don't know.” (P3)

Figure 2 illustrates IFs’ meaning structure from a patient perspective. In the intersections,

examples are given of interactions between different components.
In what follows, each component of IFs” meaning structure is analysed in more detail.
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- Impact of a family history of disease
on the interest in associated IFs

- Impact of a family history of disease
on the interpretation of IFs’
characteristics (e.g. penetrance)
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progress and coping strategies
as preview to own future
illness experiences

Figure 2 Incidental findings’ meaning structure from a patient perspective

7.4.1. Result-specific qualities

The first component of IFs’ meaning structure related to potential qualities of a specific
genetic test result that may be identified as an IF. During diagnostic testing, none of the
participants actually received IFs. Therefore, this meaning component encompassed
hypothetical reflections. When considering result-specific qualities of a potential IF,
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participants mainly focussed on (i) characteristics of the potential IF and its associated
condition and (ii) assumed consequences of disclosure (Figure 2).

a. Characteristics of the IF

Important characteristics of a potential IF and its associated condition were actionability,
penetrance, severity and age of onset. Participants interpreted these characteristics in a
nuanced way and applied them as motives for (not) wanting to know IFs.

Firstly, an important characteristic of a potential IF was the actionability of the associated
condition. One patient mainly stressed possibilities of medical prevention or therapy but
usually, actionability was interpreted as a broad concept that exceeded the clinical domain.
Therefore, the disclosure of IFs that could empower lifestyle changes or practical actions (such
as financial or residential decisions) was also considered valuable. Receiving IFs was
considered an opportunity to prepare for future disease, recognise early symptoms, improve
one’s self-awareness or enjoy life to the fullest.

“Then you know that there are some things to keep in mind. [...] Like for Alzheimer's disease...,
then | could prepare for that and maybe |[...] pay attention to or notice first symptoms.” (P2)

Several participants characterised actionability as contextualised and dynamic. This
interpretation was grounded in the importance of personal living conditions and in
expectations of scientific progress.

“Yes, [| would like to be informed about an IF associated with an untreatable condition],
because what’s not treatable today, might be so in the future.” (P2)

Secondly, participants emphasised the importance of a condition’s penetrance. Most patients
preferred the return of IFs with a high probability to result in the associated condition;
disclosed IFs should be “hard mutations” that indicate “real risks”. Low-penetrance IFs were
presumed to be numerous, overwhelming and potentially resulting in psychological distress
or unnecessary actions. Nevertheless, it was difficult to decide on a cut-off threshold for
penetrance. Risks were variedly interpreted in terms of percentages (“80% chance”) or by
comparing them with other disease risks in themselves or others (“your top 10 of risks” or “a
higher chance than someone else”). An IF’s penetrance was also considered as correlated with
other factors such as an associated family history of disease (which was presumed to raise
penetrance).

Thirdly, the severity of an IF-associated condition was an ambivalent motive for disclosure.
Overall, patients were particularly interested in preconditions for severe diseases and some
claimed that these results should always be reported. The main reason for this interest was
the idea that these results would definitely stimulate preventive actions. Nevertheless, several
participants mentioned that the disclosure of IFs regarding less severe conditions could also
be useful, as long as it allowed for (physical or psychological) actions in the near future. One
participant explained how for example Alzheimer’s disease is especially burdensome for
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someone’s family members. This suggested an interpretation of severity that did not only
include personal impact but also the impact on others.

Finally, patients valued the age of onset of an IF-associated condition in different ways. Two
of the youngest participants clearly preferred the disclosure of IFs associated with conditions
with an onset during “active life” (regarding work, reproductive decisions, etc.). These
conditions were assumed to have the most substantial impact, whereas later-onset conditions

o

were considered as part of “’normal ageing”.

“When you're 70 [...], | think you're going to have some [physical] problems anyway, for
instance a heart disease. So whether you need to know additional risks then, hmm... | think,
for me, the limit is about the age of retirement, when life is more relaxed anyway. From that
age on, it would matter less to me whether or not | know [about an IF]. They can tell me but |
would not worry too much about it. But before you are 65, you are still working, you want
children or you have young children... Then | would certainly like to know [about an IF], yeah,

for sure.” (P1)

A second argument against the disclosure of IFs regarding later-onset conditions involved the
warning that this knowledge may trouble people from the time of disclosure and hence have
a lifelong psychological impact.

Conversely, two participants between 40 and 50 years old expressed their interest in IFs
associated with later-onset conditions. This interest was motivated by these results’ potential
relevance for family members and by concerns about and previous experiences with illness
and death in friends or relatives. The interpretation of a condition’s age of onset was
summarised in a patient’s remark that IFs should be reported in the right context and as soon
as they are optimally actionable. Nevertheless, participants also doubted the possibility of
accurately predicting a condition’s age of onset.

Many participants spontaneously mentioned the interaction between an IF’s potential
characteristics. An IF-associated condition should, for example, not only be severe but also
highly penetrant. Alternatively, the low penetrance of conditions could be countered by
severity or highly effective actionability.

b. Consequences of disclosure

Participants were convinced that disclosing an IF has its consequences, either operational (i.e.
on actions) or psychological. The specific consequences of a disclosed IF were assumed to
largely depend on the particular characteristics of the IF and on someone’s character and
context.

Operational consequences of disclosure were strongly related to the IF’s actionability and
participants showed a general willingness to take medical or personal action. Some patients
suggested that if an IF allows for preventive actions, especially concerning reproductive
decisions, people should take action. On the other hand, participants also interpreted
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actionability as context-dependent. In the context of IRD, some patients had experienced that
an intention to take action cannot always be realised, for instance because of financial, social
or family reasons. Consequently, some participants acknowledged that not everyone will take
action as a result of a disclosed IF. Additionally, actions may not always realise the expected
or desired outcome. This lack of guaranteed success could be a motive for not wanting to
know any IF or, conversely, for making no difference between medically actionable and non-
actionable results.

“It’s all just a matter of definition. [...] Some cancers are treatable but what kind of effect do
you really realise? 20% of treated patients may live a year longer, so technically, it’s treatable.
But actually, in terms of quality of life... Ok, 20% of them get an extra year, but 80% of them
don’t.” (P5)

Patients repeatedly mentioned that, in essence, IFs always imply bad news and many
participants expected some psychological distress. One patient — who preferred only to
receive medically actionable IFs - feared that an IF's psychological impact may be that
powerful that the associated condition could actually be expressed. Another participant —who
preferred not to receive any IFs - was worried that the disclosure of an IF may cause a constant
waiting for the first symptom, even if this might never occur. In line with this idea and despite
the desire to receive particular IFs, many participants preferred a partly open and unknown
future. Participants considered everyone at risk for some disease, since (health) risks are
inherent to life. Being aware of too many risks may be paralysing and may even decrease the
actionability of knowledge, since it is practically impossible to act upon every risk. Therefore,
life should also be taken as it comes.

“At work, someone died very unexpectedly. But something like that can happen and it can also
happen to me: | can get an unexpected disease. However, you have to accept it, you have to
move forward.” (P11)

On the other hand, patients noticed that refusing IFs only avoids the psychological distress but
not the actual, physical risk. Therefore, some participants preferred the disclosure of IFs rather
than to remain in ignorance and worry about potentially unreported risks.

“If they told me they would only disclose the identified things [IFs] for which a treatment exists,
| would be worried and | would wonder what other things they have found but don’t tell.” (P6)

Despite concerns about IFs’ psychological consequences, most participants considered
themselves able to handle these results. Several participants mentioned specific reasons for
this assumed ability, usually related to their (scientific, medical, etc.) job or studies.
Remarkably, “other people” were not always supposed to be able to cope with IFs, especially
not with medically non-actionable IFs. Patients repeatedly emphasised the importance of
genetic counselling for a (practically and psychologically) successful coping with IFs.
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7.4.2. Lived illness experience

The second component of the meaning structure of IFs (Figure 2) is based on the difference
between, on the one hand, lived experiences of symptomaticillness and diagnostic test results
and, on the other hand, reflections on presymptomatic conditions and abstract test results.
This component contains three subcomponents: symptomatic experience, diagnostic focus
and abstract information. The first two subcomponents are related to patients’ lived IRD
experience, their emphasis on the impact of actual illness (symptomatic experience) and their
assessment of the value of diagnostic test results (diagnostic focus). The third subcomponent
is related to the presymptomatic character of IFs.

This section will show how the abstract character and interpretation of IFs is affected by
symptomatic experiences and a diagnostic focus. Finally, the interaction between the three
subcomponents affects patients’ valuation of preventive actions.

a. Symptomatic experience

All but one participant experienced IRD-associated symptoms: most patients suffered from
night blindness and tunnel vision and most had experienced a visual decline. As professionals
were not able to provide an exact prognosis, patients considered the evolution of their IRD
unpredictable. Most participants perceived this as distressing or disappointing and some had
a feeling of receiving no answer to fundamental questions. Despite the unknown prognosis
and based on previous experiences, most participants feared a further deterioration and its
potential consequences.

“Especially when | would be living alone and my vision would even be worse, then | would be
afraid... How am | supposed to live then? How should | deal with it? | have no answer to the
question whether my vision will stabilise or get worse, I just don’t know.” (P13)

Nevertheless, some participants preferred an unknown prognosis and uncertainty over a
definite negative prognosis.

Interviewer: “Suppose there would be a crystal ball about your IRD prognosis, would you want
to look into it?”

Participant: “That’s a difficult one... | don't know. If the answer would be that | would suffer
severe visual impairment only at a later age, then I'd like to know. But if it would be within ten
years...” (P4)

The impact of IRD was described as ubiquitous. Participants provided mobility and job-related
examples, such the inability to drive a car or the necessity to change or quit one’s job. Several
participants feared not being considered competent at work or did not feel supported.

“One day, | had to go to my supervisor. (S)he said: “I would rather work with a single-armed
person than with you. | don’t know what you’re capable of and that just doesn’t work.” If only
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someone had helped me a bit and had shown some understanding... However, if that’s not
possible...” (P9)

The progressive nature of IRD could imply the requirement of giving up more and more things
and patients described the psychological and existential impact of this never-ending process.
Participants frequently expressed the feeling of having no one who “really understands” their
situation.

The use of specific devices to cope with IRD widely varied among patients. Some people used
no supportive aids, others used glasses, computer software, a white cane and/or a guide dog.
Many participants tried to accept the consequences of their illness and emphasised what was
still possible. IRD was part of normal life and dealing with its consequences had turned into a
habit. Nevertheless, patients regularly met the limits of coping strategies, since many activities
were still challenging or impossible. Patients also perceived the constant need for assistance
as confronting, which could result in a rejection of help and devices.

“That girl uses a white cane, but I still have to overcome that obstacle, | just can’t do it. [...] |
think I’'m too proud for it... [...] My parents say | have to be more open about my [visual]
problems. | try to and | asked for assistance at work. But that white cane, that’s one step too
far...” (P12)

b. Diagnostic focus

When reflecting on the experience of genetic testing, many patients emphasized their specific
and delineated interest in diagnostic test results. This diagnostic focus motivated patients’
interest in IFs that may explain other symptomatic (non IRD-related) health problems or in IFs
that may be relevant to understand their IRD. One participant would, in the end, only be
interested in this kind of IFs.

“I have a certain birthmark and it has already been suggested that this may be related with
my eye condition. [...] So if they take a broader look [in a genetic test], they may find things
that are related in some way. | think that’s really a positive thing.” (P6)

Patients had generally been appreciative towards the disclosure of diagnostic test results, as
these results may be relevant for family members or be a first step towards (future) treatment.
Results were also appraised as a proof of professional commitment or scientific success or
perceived as a relief per se. Some participants mentioned a remarkable effect of disclosed
diagnostic test results, namely an increased vigilance towards experienced IRD-related
symptoms.

"It might sound silly, but at night, when | watch my clock, | wonder whether | see these numbers
as sharp as before. Is the intensity of light still the same?” (P2)

Nevertheless, many patients also minimised the importance of diagnostic genetic test results.
These results were merely a confirmation of a clinical diagnosis participants already knew and

152



the results did not change their illness experience. Contrary to their hopes, most patients
realised that medical treatment would not be available on short notice.

“I don’t get up every day thinking something like “I hope they’re going to find something [a
treatment] today”. | know they’re working on it but they were already working on it fifteen
years ago. It’s good that they have identified the gene but | realise that scientific research takes
a lot of time and money, which is not always available.” (P6)

Concerning the relation between patients’ symptomatic experience and diagnostic focus, it
was remarkable that the symptomatic experience and the familiarity with ubiquitous IRD-
related symptoms could query the validity of genetic test results or clinical information. For
some patients, negative IRD-test results in family members were not entirely reassuring and
could not prevent a vigilance towards potential symptoms.

“I have to admit that I’'m attentive all the time. For example, when we walk together outside,
especially in the dark, | ask them [children] to look up and | ask whether they can see the stars.
Because | can’t. If they say they can see them, I’'m okay.” (P13)

In line with many participants’ specific interest in diagnostic test results, various patients
noted that IFs would be valuable side-effects of a test but not their core interest and not an
aim per se. Participants’ diagnostic focus did not completely erode the potential value of IFs
but it tempered patients’ interest and made it more selective. Many patients would not be
interested in presymptomatic, diagnostically unrelated findings if there was no symptomatic
reason for a genetic test or they would not be willing to pay extra for the return of IFs.
Correspondingly, very few participants aspired to actively pursue SFs. As an additional
argument, patients stated that they were not more at risk for IF- or SF-associated conditions
than the general population.

c. Abstract information

Contrary to patients’ symptomatic IRD experience and diagnostic focus, patients’ considered
presymptomatic test results more ambivalent: these results could be valuable but were also
quite abstract. The participant who was still asymptomatic for IRD illustrated this ambivalence
and oscillated between the feeling of being a patient already and the attenuation of the
current consequences of the positive test results.

“I am communicating this [reproductive] information [to my partner] as a patient. It’s very
emotional for me and maybe less objective. [...] Now, for the moment, | received this [IRD]
diagnosis, but... One day, | will experience those problems, but not yet today. And that’s what
matters, | mean, it doesn’t change anything right now.” (P1)

Equally, patients assigned an ambivalent value to IFs and considered these possible results
both valuable and abstract.
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“My eye condition is really concrete and tangible and | can specifically say “this is my problem,
that’s the cause, those are the consequences.” [...] But if they would inform me about a
potential risk for breast cancer, | would talk about it with my parents but not with all my
cousins, because, there is nothing uh..., it’s not concrete and present yet. It’s something
different than actually having the disease. It’s different to have a predisposition with the
chance of not getting the disease.” (P6)

To overcome the abstract character of presymptomatic IFs, some participants applied a
strategy of what we will call “symptomatic echoing”: result-specific qualities (i.e. IF’s potential
characteristics and consequences) echoed elements of patients’ IRD experience, and motives
for (not) wanting to know IFs were derived from experienced IRD symptoms and
consequences. Many patients wanted to receive medically non-actionable IFs and they
frequently explained this preference by referring to the medical non-actionability of the IRD-
related test result. The disclosure of this diagnostic result was considered valuable for various
reasons and this experience supported the desire to receive non-actionable IFs. Likewise,
patients motivated their interest in the disclosure of IFs regarding a carrier status by referring
to the autosomal recessive transmission of some types of IRDs. Some participants also
suggested that their way of managing IFs would be comparable to their IRD-associated coping
strategies, both practically and psychologically.

Nevertheless, the difference between diagnostic, IRD-related results and presymptomatic IFs
affected participants’ valuation of preventive actions. Many participants described how
several of their (professional, mobility-related, etc.) decisions were based on assumptions
about the evolution of their IRD. Some participants had learned to use a white cane or to read
braille, even though they did not need these skills yet. Patients experienced these preventive
actions as emotionally confronting but emphasised their value and usefulness for possibly
future situations. Contrarily, patients sometimes questioned the value of preventive actions
in function of IFs. IFs may never cause actual disease and consequently, people suspected the
usefulness of reorienting one’s life towards a future that might never happen. Hence, some
participants stated that - also medical - actions concerning IFs could wait until first symptoms
would occur.

“Without any problems | wouldn't go to the hospital. If | would feel something, for instance in
my breasts, | would ask the doctor for further tests. But for the time being, | have no problems,
except for my eyes.” (P11)

7.4.3. Family embedding

The last component of IFs” meaning structure addresses patients’ interrelational context and,
more specifically, patients’ embedding in their family context. Patients’ family embedding was
clearly associated with both previous components of IFs’ meaning structure. This last result
section will describe the association between a patient’s family embedding and their lived
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illness experience and the association between family embedding and more abstract IFs. This
will indicate the variable relevance of a patient’s family embedding in different contexts.

a. Association between family embedding and lived illness experience

When participants had a close, usually older, family member who was also affected by an IRD,
they may perceive this family member’s symptoms and progress as a possible preview of their
own illness evolution. Family members with an IRD could partly counter the uncertainty of an
unknown prognosis and their coping strategies were frequently appraised as positive and
valuable examples.

“I saw it with my grandfather. Even at his age, he was still able to work with a computer and
[...] thanks to technology, he could live rather independently. [...] He couldn’t see anything but
he still enjoyed many things. [...] He was really an example to me.” (P4)

A major concern among participants was the recurrence risk of IRD. Participants specifically
valued the disclosure of IRD-related genetic test results for (future or existing) children. Even
when their children were not at risk for IRD, they may be attentive to possible symptoms and
some felt they may be over-concerned or overprotective.

One patient explicitly associated concerns about the recurrence risk of IRD with a perceived
guilt in his/her own parents for “having caused” IRD. Several participants had perceived this
guilt and regret in their parents but they all believed that these feelings were unjustified, since
medical technologies to avoid the inheritance of IRD used to be unknown or unavailable.
Ultimately, they saw IRD as the outcome of a “genetic lottery”.

“My parents are very sorry to have a child with IRD and they think they are to blame for it,
well, that’s how they see it. It’s not easy, but they can't do anything about it. They just didn't
know.” (P7)

Most participants had positive experiences with informing family members about their own
IRD diagnosis and associated genetic test results. They considered the disclosure of this
possibly important information self-evident or even morally required. Remarkably, two
participants took a rather normative position towards family members’ reaction on IRD-
associated information. They did not understand or would not support reproductive decisions
that would not account for the recurrence risk of IRD. They pinpointed reproductive
possibilities as one of genetics’ greatest value and emphasised the opportunity to “break the
chain of IRD”.

b. Association between family embedding and abstract IFs

As mentioned in the previous section, participants may consider a family member’s IRD-
associated symptoms as an example of their own future illness experience. Analogously, a
family history of disease could be considered relevant for potential IFs. Many participants
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indicated a family example of (IRD-unrelated) illness as a strong stimulus for wanting to know
associated IFs. A family history of disease would strengthen the reliability of identified IFs and
patients would perceive these kinds of results as not completely unexpected. They also
assumed that these findings would be vigorously motivating to take action. Remarkably, some
participants were also interested in IFs associated with conditions they had perceived in close
friends.

“For those diseases that are common in my family, | would really like to know [whether | have
a predisposition]. | also think there should be a kind of motivation to really take action, like a
family member who has cancer or Alzheimer’s disease. Yes, | think there needs to be this kind
of incentive first.” (P1)

Conversely, participants were less concerned about the relevance of IFs for family members
and future generations. One participant explicitly acknowledged the difference between
his/her strong desire not to pass IRD on to future children and his/her undecided interest in
(the reproductive relevance of) IFs.

“On the one hand, I think it may be good to know for which diseases | have a predisposition.
But on the other hand, maybe | prefer not to know all of this and to see whether it ever comes
to that. But then again, | think this is a bit contradictory [...] | don’t want my children to have
IRD. But for other diseases, | wouldn't do the same. It’s so difficult to choose one side or the
other.” (P4)

Several participants would prefer to know IFs regarding a carrier status of recessive conditions.
This interest was mainly related to a personal desire to have children rather than to the
potential family-wide relevance of these results. One participant’s perspective differed
significantly from most patients’ individual (instead of family-wide) interpretation of IFs’
relevance. This patient — with a fulfilled wish to have children - repeatedly mentioned that
his/her interest in genetic test results, including IFs, was not personally motivated but
primarily grounded on these results’ family-wide value. (S)he considered IFs regarding a
carrier status equally important than IFs with a direct personal impact.

Finally, most participants indicated that they would only inform their partner and first degree
relatives about IFs and a potential family risk. Few felt responsible to inform the extended
family and they expected this communication to be rather difficult, as IFs have an abstract
(because usually presymptomatic) character. Hence, family members could deem these
results irrelevant and useless. Furthermore, family members may not want to know these
findings. One participant pointed out that disclosing personal IFs would inherently reveal the
possibility of a family-wide risk and could bring family members in an uncomfortable position.
“Some people [in your family] may say “no, I really don’t want to know”. | think these situations
get complicated when you say things like “well, | have an increased risk for this and this.” (P1)
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7.5. Discussion

This study investigated the meaning of IFs in a diagnostic context from the perspective of adult
patients with an IRD. This meaning structure was not only grounded in qualities of the
potential IF per se, but also in components associated with patients’ lived illness experience
and family embedding. The different components frequently interacted, which resulted in a
complex meaning structure of IFs and in nuanced motives regarding disclosure. This nuanced
perspective on IFs and SFs has been reported before and it is an important correction to the
assumption of an unspecified patient interest in all genetic information (13, 15, 23, 37, 38).
Throughout the interviews, patients’ specific interpretation of IFs and associated preferences
for disclosure evolved. This evolution, as well as an increasing cautiousness towards IFs and
SFs throughout interviews, has already been identified in existing literature (13-15, 21, 39).
Our study did not systematically assess disclosure preferences at the start and end of every
interview and hence cannot confirm an increased cautiousness or decreasing interest in
results. However, this study endorses an increasingly nuanced meaning of IFs’ throughout
interviews.

The first component of IFs” meaning structure related to result-specific qualities, including an
IF’'s potential characteristics and consequences. With regard to an IF's potential
characteristics, patients emphasised the (medical) actionability, penetrance, severity and age
of onset of the IF-associated condition. These characteristics have been emphasised by
patients before (14, 25) as well as by professionals in policy recommendations (7, 16).
However, an accordance between both stakeholders’ perspective should be perceived with
caution, since they may interpret these characteristics differently.

Firstly, most participants interpreted actionability in a broad sense that largely exceeded
medical interventions. The interest in personally useful results has been expressed in other
patient-focussed studies but contravenes the disclosure preferences of most professionals
(10,12, 13, 18, 19, 37). Actionability was also considered dynamic and context-dependent and
hence not always realisable for everyone (40). Secondly, patients valued IFs’ high penetrance
as an important criterion for disclosure, which is in line with international guidelines and
recommendations (7, 16, 41). Nonetheless, it was considered difficult to decide on a cut-off
value for penetrance, a problem which also bothers professionals (42). Thirdly, a condition’s
impact on family members was sometimes mentioned as an aspect of conditions’ severity.
This relational interpretation may be a symptomatic echoing of the IRD-associated experience
that illness does not only affect the self but also others (23). Lastly, patients expressed a
nuanced interpretation of the age of onset of an IF-associated condition. They assumed that
the exact prediction of a disease’s onset is difficult and they warned for a lifelong psychological
impact of a later-onset condition.
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Concerning IFs’ potential consequences, patients discerned operational (or actionability-
related) and psychological consequences. Throughout the interviews, many participants
expressed an ambiguous idea on IFs’ operational consequences. Participants seemed
prompted to act on genetic information and this motivation has been confirmed in the
literature (14, 17). In the second component of IFs’ meaning structure (lived illness
experience), the abstract character of IFs nevertheless attenuated patients’ motivation to
actually take preventive action, as this action was considered potentially useless (13). Some
participants characterised IFs’ actionability as a quality that would be mainly valuable when
the IF actually results in disease. This way, IFs’ presymptomatic character and patients’ focus
on more urgent medical concerns may result in a lower uptake of (health-related) preventive
actions regarding IFs than suggested, an idea that aligns with the moderate operational impact
of genetic information in general (38, 43-46). Participants’ remark that there is no guaranteed
success of actions may additionally weaken IFs’ operational consequences. As a hypothesis,
this cautiousness towards successful actions may be partially justified by symptomatic echoing
and experienced confrontations with the limits of practical and psychological coping strategies
for IRD.

Regarding the psychological consequences of disclosed IFs, the possibility of distress has been
identified as an important motive for not wanting to know (particular) IFs in this and other
studies (14, 18, 21). Several participants did not want to receive too many IFs and preferred a
partly open and unknown future (17, 39). This desire may mirror some patients’ preference of
an uncertain IRD prognosis over the certainty of a negative prognosis. On the other hand,
study participants generally trusted their own (but not always others’) ability to
psychologically cope with IFs (18, 19). This confidence regarding successful coping might be
caused by some people’s assumption, also in this study, of having a better genetic literacy
than “the standard patient” (13, 18, 47). The assumption that the disclosure of IFs will be
similar to the neutrally or positively experienced disclosure of diagnostic findings may support
participants’ confidence in psychological coping (48, 49). A retrospective study has shown that
the disclosure of medically actionable SFs did not cause feelings of anxiety or distress, which
confirms patients’ confidence (43).

The second and third component of IFs” meaning structure do not refer to the potential IF in
itself but to a patients’ lived experiences and context, of which the importance and impact
have already been suggested in the literature (11, 13, 23, 25, 40, 50).

The second component applies to patients’ lived illness experience. Participants’ symptomatic
and diagnostic focus and the strategy of symptomatic echoing suggest a significant impact of
lived illness experiences on the interest in and interpretation of potential IFs. Whereas a
diagnostic focus may nuance patients’ interest in presymptomatic and more abstract IFs, lived
illness experiences may affect the interpretation of abstract IFs by a strategy of symptomatic
echoing.

On the one hand, existing literature already identified patients’ focus on symptomatic
conditions and diagnostic test results instead of on potential IFs (13, 17, 23, 51). On the other
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hand, several studies suggested that a diagnostic focus may increase patients’ wish to receive
IFs and SFs, especially if patients had not yet received diagnostic test results (11, 39). The
diagnostic odyssey could make patients responsive to any kind of information and they might
fear a reduced diagnostic yield by dismissing IFs or SFs (10, 13). Additionally, patients may
hope for IFs or SFs that could be associated with their symptomatic condition and hence
provide a (partial) diagnosis (19).

With one exception, our study included patients who already received diagnostic results. Still,
they expressed an interest in IFs that may be relevant for their IRD-diagnosis. Hence patients’
symptomatic and diagnostic focus and the disclosure of diagnostic test results should not be
interpreted as elements that absolutely activate or end the interest in IFs. Rather, patients’
symptomatic and diagnostic focus contribute to IFs” meaning by modifying or specifying the
interest in particular IFs.

Some studies identified similar preferences regarding the disclosure of IFs and SFs among
clinical patients and the general population as well as among patients with or without testing
experience (12, 25). Further research is required to determine whether these similar
preferences may be grounded in different motives or if the impact of lived illness experiences
is less pronounced as we currently suspect.

Thirdly, IFs” meaning was affected by patients’ family embedding. This family embedding
seemed to have a variable relevance in different contexts.

On the one hand, a patient’s family embedding could provide valuable examples for future
IRD-associated experiences and for potential IFs. This means that a family history of disease
could provide a preview of possible illness in both a symptomatic and presymptomatic
context. In the context of presymptomatic IFs, a family history of disease could counter IFs’
abstract character and stimulate patients’ interest in these specific IFs. The importance of a
family history of disease for people’s interest in IFs has been suggested before (11, 13, 23, 25).
This interest may obviously be triggered by a higher personal risk for illness. Moreover, it may
be considered a family-wide variant of symptomatic echoing where not personal but family-
wide symptomatic experiences reduce the abstract character of IF’s potential qualities.
Onthe other hand, patients’ family embedding seemed to be affected differently by diagnostic
test results and by potential, more abstract IFs. Whereas most patients were convinced of the
family-wide relevance of diagnostic test results, they were generally less aware or concerned
about the family-wide relevance of potential IFs. Some patients’ were interested in IFs
regarding a carrier status of recessive conditions, an interest that has been observed
internationally (3, 9-11), but in our study, this interest was mainly motivated by personal
reproductive plans and less or not by family-wide benefits. Participants were also less inclined
to inform family members about IFs, since these results may be perceived as irrelevant or
unwanted. IFs’ abstract character may partially explain patients’ restricted awareness of IFs’
potential family-wide relevance (13). Concerns about bringing bad news or causing
psychological distress in family members have been identified before (17, 19, 52, 53) but
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conflict with studies that reported stronger motivations to share IFs with relatives (14, 17, 19,
51).

To our knowledge, this is the first IPA-study on IFs’ meaning from the perspective of adult
patients with an IRD or any other Mendelian disease. Some limitations should be mentioned
however. Participants were selected by genetic professionals/treating physicians. They may
have excluded persons who they considered unsuitable for participation because of linguistic,
psychological or other reasons. Hence a biased sample may have been recruited. Even though
all participants had a lived experience of illness and/or genetic testing, IFs’” meaning structure
did not include actual experiences of disclosed IFs. Some participants explicitly identified this
lack of experience as a barrier to an adequate meaning construction. However, the
prospective interpretation of IFs” meaning will probably be similar to clinical situations where
patients have to decide on disclosure before genetic results are returned. Finally, more
women than men participated in this study. No gender differences were observed but the
small sample and research design of this study do not allow for a meaningful identification of
gender-based differences.

7.6. Conclusion

From a patient perspective, IFs have a complex meaning. This inherently affects effective
counselling strategies for WES-based diagnostic testing.

Generally, counselling should not only focus on IF-specific qualities and should transcend a
strictly clinical and result-centred approach. Additionally, a patient’s lived illness experience
and family context should also be considered. Because of the complexity of IFs’ meaning,
patients must be granted enough time to carefully consider IFs’ potential meaning and
consequences (14, 22). The context-dependence of IFs” meaning suggests personalised and
dynamic counselling procedures (17).

More particularly, the different components of IFs’ meaning structure may indicate some
specific points of attention. Firstly, patients’ nuanced interpretation of IFs’ potential
characteristics could justify the development of patient-based taxonomies of IFs that
complement professionally designed categorisations (23). The indicated interaction between
these characteristics also shows that single-dimension taxonomies may be inadequate (23,
25). Secondly, patients’ broad interpretation of actionability could be an argument to enable
the disclosure of medically non-actionable IFs. Patients should nevertheless be warned about
the limits of actionability and the danger of a “therapeutic gap” when effective interventions
are unavailable for identified risks (3, 23). Thirdly, the symptomatic and diagnostic focus
suggests that patients differentiate a clinical context from a screening opportunity.
Counselling procedures should acknowledge this focus but should also help patients to
overcome the abstract character of IFs and make them more aware of the potential value,
also for family members, of preventive actions for presymptomatic findings. Symptomatic
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echoing may a useful strategy to patients but may not always be (medically) correct.
Professionals have to assist patients in valid and effective strategies of symptomatic echoing
and understanding.

Translating IFs’ complex meaning into feasible counselling procedures is a main challenge for
the future.
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8.1. Main findings

The main objective of this dissertation was to examine the practice and perspectives of genetic
professionals and adult patients regarding the disclosure and (ethical) meaning of IFs and SFs
in a context of NGS-based clinical genomic testing.

In chapter four, the debate on IFs and SFs was characterised as a multi-levelled discussion.
International recommendations and policy documents were examined and important points
of discussion were assessed at terminology, policy and value level.

At a semantic level, different terminologies for the concepts of IFs and SFs were discussed, as
well as the lack of consensus and its potential consequences. At policy level, recommendations
disagreed on the minimisation of IFs (by a filtering of genome-based results), the intentional
search for SFs and the blurring boundary between diagnostics and screening. Also the
feasibility of traditional counselling and the efficacy of alternative ways of informed consent
were under discussion. Finally, respect for patient autonomy, beneficence, non-maleficence
and actionability were discussed, as well as these values’ relative weight. To this day, the
concept of actionability resists a generally accepted definition and interpretations range from
semiquantitative, individual and medical (mainly advocated by genetic professionals) to
personal, family-wide, reproductive and interactive (mainly supported by lay people).
Common ground is still lacking on this wide spectrum between a rigid, medical interpretation
of actionability and a contextual, subjective interpretation.

The aforementioned concerns were pointed out as inherently connected and reciprocally
sustaining. Without a clear terminology, policy recommendations will be vague or confusing.
Without a profound reflection on ethical values, guidelines will lack a solid and effective
implementation, which may result in a suboptimal organisation of care. To realise a better
understanding of and more effective debate on IFs and SFs, a level-integrative approach and
an explicit acknowledgement of the interaction between different levels was advocated.
Moreover, a patient-inclusive perspective was encouraged as an addition to the mainly
professional approach of IFs and SFs. This complementary perspective should aim to include
lived experiences, qualitatively assessed meanings of IFs and SFs and a patient’s particular
context.

In response to this call for a more comprehensive approach to IFs and SFs, the next three
chapters investigated different levels and perspectives within the debate. More specifically,
two research questions have been examined:

1. How do genetic professionals in Belgian CMGs report IFs and SFs in NGS-based clinical
genomic testing in adults and how do they perceive the (ethical) motives for and
consequences of this disclosure?

2. How do genetically tested adult patients perceive the potential disclosure of IFs and
SFs and how do they assign meaning to these potential results?
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8.1.1. Reporting practices in Belgian CMGs

Chapter five addressed the first research question (“How do genetic professionals in Belgian
CMGs report IFs and SFs in NGS-based clinical genomic testing in adults and how do they
perceive the (ethical) motives and consequences of this disclosure?”) at policy level and
discussed actual reporting practices and future policies. This chapter was founded on the
results of a focus group study.

Belgian CMGs have limited experience with IFs in clinical ES and currently do not support an
active pursuit of SFs. Two major criteria determined professional decisions whether and how
to disclose an IF: clinical significance and patient-related factors.

Reported IFs should be pathogenic and actionable but these straightforward criteria
challenged a univocal interpretation and application in practice. Concerns about IFs’ disease-
predictive value for persons without symptoms, the difficulty to determine whether VUS are
IFs or related to the symptomatic condition and dynamic variant classifications complicated
the application of the pathogenicity-criterion. These challenges resulted in a difficult balance
between the disclosure of clinically valuable information and physical and psychological harm
that may be caused by reported results.

Most Belgian CMGs only reported medically actionable IFs. This delineation was explained as
a professional duty to decide on relevant and useful information and as a pragmatic way of
keeping clinical ES practically feasible. Nevertheless, this demarcation could be a difficult
decision since it may deny patients potentially important information.

The second reporting criterion, i.e. patient-related factors, largely focussed on patients’
preference (not) to know IFs. Belgian CMGs took a substantially different stance on patient
opt-out practices. Arguments for CMGs’ local opt-out policy were related to the avoidance of
future disease, patients’ assumed inability to make an informed decision about IFs, the
influence of the local ethics committee, the potential harm caused by reported IFs and
patients’ fundamental right not to know. Deciding on the most suitable opt-out policy was
acknowledged as a difficult issue in several CMGs.

Finally, professionals focussed on the interaction between particular patient characteristics
and the clinical significance of a specific IFs. This interaction affected the final relevance of an
IF and the decision whether and how this IF was reported, especially in the context of results
with a reproductive value. The willingness of half of the Belgian CMGs to disclose IFs
concerning a carrier status of autosomal recessive conditions questioned the interpretation
of the actionability-criterion and the scope of professional responsibilities. Another
consequence of the interaction between a specific IF and a particular patient was the need for
professional deliberation and the tension between general guidelines and case-by-case
procedures.
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8.1.2. Underlying values of disclosure policies

Chapter six addressed the first research question (“How do genetic professionals in Belgian
CMGs report IFs and SFs in NGS-based clinical genomic testing in adults and how do they
perceive the (ethical) motives and consequences of this disclosure?”) at the value level. This
chapter reflected on the ethical values and principles that professionals in Belgian CMGs
invoked for the disclosure of IFs and SFs.

During the focus groups, professionals frequently referred to respect for patient autonomy,
professional non-maleficence and beneficence to support local disclosure policies.
Professionals invoked the value of patient autonomy to support the return of IFs. However,
they also warned that patients should realise that not all health risks will be identified in a
diagnostic test. Patients should better understand the possibilities and limitations of
genomics, especially when more IFs or SFs may be reported in the future.

For half of the Belgian CMGs, patient autonomy was not only an argument to report IFs but
also a reason to respect patients’ wish to opt out of IFs. The value of professional non-
maleficence and the avoidance of psychological harm could additionally support patients’ opt-
out choice. Nevertheless, not all centres allowed patients to opt out of medically actionable
IFs. This policy was legitimised by a combination of patients’ limited genetic literacy and the
professional duty of beneficence. The combination of both arguments and the influence of
some CMGs’ local ethics committee outweighed the value of patient autonomy inthree CMGs.
All Belgian CMGs extensively discussed their local policy regarding a patient opt-out. In the
discussion section of chapter six, the absence of an opt-out possibility was conceptualised and
critically analysed as a form of technological soft paternalism. Firstly, the general denial of
patients’ genetic literacy and, more fundamentally, the requirement of an absolute
understanding to make informed and autonomous decisions was called into question.
Secondly, a normative rationality was challenged, as well as the characterisation of a wish not
to know as an emotional choice. Thirdly, the beneficent outcome of disclosed IFs as a solid
justification for their mandatory reporting was discussed. Chapter six concluded with a
discussion on the scope of ethical values, patient rights and professional duties. A patient’s
right to be informed about IFs and the spectrum of reportable IFs were limited by professional
non-maleficence and by the duty not to report potentially harmful information. However,
actionability-concepts that exceed the medical level and that include, for instance, personal
or family-wide utility may contest this delineation of reportable results. Finally, the right to
know not only IFs but also SFs was denied in all CMGs by the current delineation of
professional beneficence and limited resources. Therefore, the value of distributive justice
was considered an important factor in the current scope of the debate on IFs and SFs.

8.1.3. IFs" meaning from a patient perspective

Chapter seven changed perspective and addressed the second research question (“How do
genetically tested adult patients perceive the potential disclosure of IFs and SFs and how do
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they assign meaning to these potential results?”). Based on an IPA-study with 14 participants
that had been genetically tested for an IRD, the complex meaning of IFs was described. IFs’
meaning structure from a patient perspective consisted of three main components: result-
specific qualities, lived illness experience and family embedding.

The result-specific qualities referred to the characteristics of the potential IF and its associated
condition, as well as to the assumed consequences of disclosure. Patients particularly
considered characteristics of actionability, penetrance, severity and age of onset. These
characteristics were interpreted in a nuanced way that frequently exceeded the strictly
medical level. Subsequently, patients mentioned possible operational and psychological
consequences of disclosed IFs. These consequences were characterised as personal and
context-dependent. IFs’ operational consequences were associated with these findings’
actionability. Patients were generally motivated to act on potentially disclosed IFs but they
also mentioned several barriers for preventive actions in response to abstract information.
Many patients referred to anxiety and distress as possible psychological consequences of
disclosed IFs. For some, this potential distress limited the spectrum of IFs they would like to
receive in favour of a partly open future. Nevertheless, most patients considered themselves
able to emotionally cope with the disclosure of IFs.

The second component of IFs’ meaning structure applied to the impact of patients’ lived iliness
experience and the difference with abstract, presymptomatic information. Most patients
exhaustively described the ubiquitous impact of IRD, both practically and psychologically
(symptomatic experience). Regarding past experiences with genetic testing, participants
emphasised their specific interest in diagnostic test results (diagnostic focus), which tempered
and specified their interest in IFs. In contrast with this symptomatic and diagnostic focus,
patients assigned an ambivalent statute to presymptomatic IFs as both valuable and abstract
information. Patients sometimes countered IFs’ abstract statute by use of a strategy of
symptomatic echoing in which IFs’ potential qualities echoed IRD-associated experiences
(regarding, for instance, medical non-actionability).

The third component of IFs’ meaning structure concerned patients’ family embedding.
Patients assigned a variable relevance to this family embedding in a context of symptomatic
IRD or in a context of presymptomatic IFs. In a context of symptomatic IRD, a patient’s family
embedding was deemed relevant in terms of an IRD-associated recurrence risk. This
recurrence risk had motivated most participants to inform family members about IRD-
associated genetic test results. In a context of presymptomatic IFs, however, patients would
be less concerned about diseases’ recurrence risk. Patients were generally less concerned
about the family-wide relevance of IFs, which affected their motivation to inform relatives
about potentially identified IFs. This disclosure was assumed to be challenging and possibly
unwanted.

Overall, IFs’ complex, context-dependent meaning called for personalised counselling
procedures that transcend a strictly clinical and result-centred approach.
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8.2. Reflection

Recalling the prologue and the introduction of this dissertation, it may be questioned again
whether IFs and SFs may be an opportunity to unleash the creature of Hope from Pandora’s
box, and if so, how this release is to be realised in an effective, efficient and ethical way. How
should identified IFs or SFs be interpreted? Which results can or should be reported? And what
may be the meaning and consequences of these results’ disclosure?

These questions were partially answered in reference to important criteria, meaning
components and values that have been identified and discussed throughout this dissertation,
but definite and ready-made answers remain difficult to articulate. The results of the empirical
research (as described in chapters five, six and seven) showed how professionals’ and patients’
perspectives on IFs and SFs are complex and multi-layered. IFs” meaning from a patient
perspective results from a complex interaction between various components, including both
IF-related qualities and personal, context-dependent elements. Genetic professionals decide
on the disclosure of IFs based on criteria of pathogenicity and actionability which are
challenging to interpret and to apply in practice. Moreover, IF-related factors interact with
patient-related factors and may affect whether an IF is considered relevant and how it is
reported. Ethical values of patient autonomy, professional beneficence, non-maleficence and
justice may be invoked to support specific policies but these values frequently conflict and
their interpretation is challenged in the context of clinical genomic medicine.

Overall, this dissertation revealed nuance and ambiguity in both the professional and patient
perspective and experience. Hence, it emphasised the complexity of questions on an effective
and ethical disclosure as such and it identified a fundamental uncertainty. When IFs and SFs
are an urgent reality that genetic professionals and patients need to cope with in the current
clinic, this may evoke a tendency to hide uncertainty and emphasise what is actually
understood or what is considered standard knowledge (1).

This general discussion will, however, explicitly acknowledge and thoroughly reflect on the
uncertainty that accompanies IFs and SFs. Consequently, uncertainty will be challenged as a
necessarily negative or paralysing concept. Should uncertainty be solved before an efficient
policy on IFs and SFs can be realised? Or can uncertainty be included as a workable tool in an
effective and ethical policy? In this discussion, an explicit analysis of uncertainty in IFs and SFs
will indicate possible ways to answer this last question in the affirmative.

8.2.1. A characterisation of uncertainty in IFs and SFs

Complexity and uncertainty are neither unique to IFs and SFs, nor to the domain of genetics
and genomics (1-5). A vast amount of literature has been published on medical risk
assessment, the communication of probabilities in a healthcare setting and the impact of a
patient’s particular context on the interpretation of clinical information (6). An exhaustive
analysis of genomic or medical uncertainty is beyond the scope of this dissertation but the
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taxonomy of uncertainty by Han et al. may support a reflection on the overall results of this
dissertation.

In 2011, Han et al. designed a conceptual taxonomy of medical uncertainty. Uncertainty was
defined as a “metacognition” and as a conscious awareness of incomplete knowledge that
may result in feelings of for instance indeterminacy and doubt (6-8). It was described as a non-
monolithic phenomenon that exists in multiple varieties and that can result in a wide spectrum
of effects (6). Han et al. wanted to create a framework of uncertainty that was both broad
enough to include various types of uncertainty (as experienced in different stakeholders) and
detailed enough to clearly distinguish these different types of uncertainty (6).

In the taxonomy of Han et al., medical uncertainty is classified on three dimensions: locus,
source and issue (6, 7). The locus of uncertainty applies to the particular stakeholder who
experiences the uncertainty (7). The source of uncertainty is characterised as the cause or
fundamental reason for uncertainty (7). This source contains three main components:
probability (a phenomenon’s fundamental, first-order indeterminacy or the inherent
indeterminacy of future outcomes, also called “aleatory uncertainty”), ambiguity (a second-
order and epistemic uncertainty caused by unavailable, inadequate or imprecise information)
and complexity (uncertainty caused by features of the phenomenon or information itself that
complicate understanding, for instance a multiplicity of potential outcomes) (6, 9). Finally, the
issue of uncertainty is defined as the manifestation, outcome or situation to which the
uncertainty applies. This issue can be scientific (including uncertainties about diagnosis,
prognosis or treatment), personal (including psychosocial and existential uncertainties) or
practical (including uncertainties about the structure of healthcare and about the procedures
to access healthcare) (6).

In 2017, Han et al. specifically applied the taxonomy of medical uncertainty to a context of
clinical exome sequencing (7). Many components of the source and issue dimensions were
refined by adding one or two more levels of additional components (7).

It is not the aim of this discussion to force all of this dissertation’s results into the taxonomy
of uncertainty. Rather, this taxonomy is an opportunity to better understand the complexity
of IFs and SFs and, eventually, to discover possible ways to effectively cope with these results
and their inherent uncertainty.

Since Belgian CMGs do not actively pursue SFs and only report IFs when these are accidentally
identified by NGS-based clinical genomic testing, this reflection will mainly but not exclusively
focus on IFs. To do so, the 2017 taxonomy of medical uncertainties in clinical genome
sequencing of Han et al. (7) is applied to a level of detail that is considered necessary and
suitable for this discussion (Figure 3).
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D. Investigator

E. Policymaker

Figure 3 A taxonomy of medical uncertainties in clinical genomic sequencing

In what follows, the taxonomy of Han et al. will be used to more explicitly articulate the
uncertainty that has been identified throughout this dissertation. More specifically,
uncertainties regarding pathogenicity, the non-standardised relevance of results, actionability
and lived experiences will be discussed.
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a. Source and issue uncertainty reqarding pathogenicity

The study in Belgian CMGs on actual reporting practices for IFs and SFs showed various
challenges for a correct interpretation of identified IFs. In this interpretation, genetic
professionals were confronted with various causes of uncertainty in IFs (source uncertainty)
and uncertain effects of IFs (issue uncertainty).

The reporting criterion of pathogenicity was a first area in which these source and issue
uncertainties clearly emerged.

Source uncertainty is intrinsic to IFs as well as to any presymptomatic genetic result, since
these findings concern risk assessments (inherently including probability uncertainty) instead
of instant diagnoses of actual pathologies.

Additionally, IFs are usually “genotype first” results, which implies that these results have to
be interpreted in the absence of the associated phenotype or clinical symptoms, a difficulty
which was also mentioned in Belgian CMGs (10, 11). A variant’s pathogenicity is usually
assessed in cohorts of persons with a personal or family history of the associated disease but
less is known about a variant’s predictive value for persons without associated symptoms (10,
12-21). IFs’ pathogenicity, penetrance and expressivity in unaffected or low-risk persons are
still vigorously debated and it is still unclear whether IFs can be classified in the same way as
diagnostic results of patients with associated symptoms (10, 20, 22-24). Also IFs’ predictive
value for populations with a paucity of genomic reference data is still discussed (25). This lack
of scientific knowledge about IFs’ predictive value enhances IFs’ source uncertainty in terms
of ambiguity (7).

Very recently, the ACMG and the Clinical Genome Resource have published new
recommendations on the interpretation and reporting of constitutional copy-number variants
(CNVs)(26). CNVs, including deletions, duplications and triplications, can contribute to the
development of diseases such as intellectual disability or autism spectrum disorder but their
interpretation is challenging. To support consistent interpretation and reporting practices
across different laboratories, a semiquantitative point-based scoring system has been
developed, based on the most relevant evidence categories for CNV classification (including,
for instance, genomic content, predicted functional effect and evidence from case and control
databases). Grounded on the sum of the point values assigned to each evidence category, a
CNV is classified as pathogenic, likely pathogenic, of uncertain significance, likely benign or
benign, which aligns with previously published sequence variant interpretation guidelines
(22). The CNV interpretation recommendations also apply to IFs and SFs and the authors
emphasise the importance of classifying CNVs irrespective of the reason for testing. In other
words: CNVs with diagnostic relevance and CNVs that were identified as IFs or SFs should be
classified in the same way and the same variant should be classified consistently across
different patients. A person’s phenotype may be taken into account when applying the scoring
system but the pathogenic classification should not be solely grounded on someone’s
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phenotype; instead, variant classification and clinical significance should be considered
uncoupled assessments (26).

Nevertheless, the authors warn that even this semiquantitative scoring system may not be
able to fully resolve IFs’ source uncertainty, since it is not an absolute algorithm that can be
applied to all scenarios. It can function as a guide but it does not eliminate the need for sound
professional judgement in the evaluation of evidence and in the assessment of a classification.
Moreover, changes in technology, scientific evidence and professional experience may require
updates of the semiquantitative scoring system (26).

IFs’ source uncertainty results in uncertain diagnostic or prognostic consequences, which are
specific types of scientific issue uncertainty (7). Because of this scientific uncertainty, genetic
professionals repeatedly warned for the interpretation of IFs and SFs as false positives in
persons without symptoms (27-30). This cautiousness has been supported by research that
identified a difference between the higher amount of identified pathogenic variants in
research populations and the lower prevalence of the associated condition in the general
population (10). To avoid over-interpretation, laboratories generally do not report VUS IFs to
the referring clinician, a practice which aligns with the ACMG recommendations (23, 31-33).
Yet, even when an IF has been identified as a (likely) pathogenic variant in a known disease
gene, the person’s actual diagnosis and prognosis may be uncertain (34).

Conversely, the analysis of additional genes may not be of the same quality as the analysis of
primary results in a diagnostic context. Because of this source uncertainty (caused by
ambiguity and, more specifically, test limitations), negative results regarding IFs or SFs do not
necessarily guarantee an absence of additional pathogenic variants and additional risks (23,
35). This lack of guarantee prompted Christenhusz et al. to perceive an identified IF as un
unintentional bonus by virtue of the used test whereas no conclusions should be drawn from
the non-identification of IFs (35).

The risk of false positive and false negative results and the general pathogenic uncertainty of
IFs and SFs imply that these results’ potential benefits and risks are still uncertain (15, 23, 34).

Holtzman therefore advised to think of IFs and SFs merely as potential research material (28).

b. Uncertainty because of non-standardised relevance

The focus group study in Belgian CMGs identified that the uncertain interpretation of IFs is not
only caused by result-specific qualities but also by the interaction between the specific IF and
the particular patient. This interaction results in a non-standardized relevance of IFs.

In the taxonomy of Han et al., this patient-specific and context-dependent interpretation of
IFs may be categorised as source uncertainties of ambiguity and complexity that may be
caused by a patient’s family history of disease, the interaction between a patient’s
symptomatic condition and the IF or a patient’s reproductive plans. It results — on the issue
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dimension — in scientific diagnostic or prognostic uncertainty and in personal uncertainty
regarding, for instance, the relevance of an IF for a patient’s family members or for a patient’s
desire to have children.

To manage these uncertainties, professionals of Belgian CMGs emphasised the importance of
professional deliberation. This call for patient-specific deliberations contrasts with another
internationally suggested solution for IFs’ interpretative uncertainty, namely more guidelines
on the disclosure of IFs and SFs (13, 36-40). Clinical and laboratory geneticists and genetic
counsellors have called for more (detailed) guidelines on reportable results and on IFs’
pathogenicity, a request also expressed in Belgian CMGs (3, 31, 37, 41).

General guidelines may facilitate a more uniform disclosure practice, both within a clinical
institute and across different CMGs. At least at the local level of a particular CMG, it may be
recommended to develop a guiding framework on the disclosure of IFs and SFs which is clearly
communicated to patients before testing. In terms of efficiency, it relieves professionals from
the burden to individually decide on every case of IFs. In terms of justice and patient
autonomy, it creates similar opportunities to receive relevant IFs or to decline unwanted
information. If different CMGs develop different policy frameworks (which currently is the
case in Belgium), it is quintessential for CMGs to be transparent about their disclosure
practices since, in that case, patients’ rights to know and not to know are already affected by
the choice of a specific CMG (39).

Nevertheless, the development of general guidelines — also within a particular genetic centre
— will be hindered by the problematic interpretation of important concepts and criteria, such
as medical relevance or actionability, and by the dynamic nature of scientific knowledge and
variant interpretation (29). Moreover, as a consequence of the aforementioned interaction
between genetic test results’ relevance and a patient’s personal and contextual
characteristics, standard guidelines will not be able - both within and across CMGs - to
eliminate the need for professional deliberation (39, 42). A context-specific, case-by-case and
flexible application of guidelines and professional experience, expertise and judgement may
result in non-standardised outcomes and remains indispensable in complex medical situations
that resist rigid “one model fits all” policies (3, 13, 31, 37, 39, 43, 44). Such a case-by-case
approach, in which guidelines are combined with personal and contextual detail, should not
be interpreted as a relativistic approach but as an approach that values the particularities of
a situation and the specific needs of an individual (45).

Professional deliberation may also alleviate situations where an identified IF exceeds the
treating physician’s expertise (20, 29, 46-48). Because of her specific expertise, a physician
may not realise or, instead, overestimate the importance of an IF, which may result in
suboptimal disclosure practices or improperly counselled patients (29, 47, 49, 50).
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c. Issue uncertainty reqarding actionability

The concept of (medical) actionability was central to each chapter of this dissertation.
Nevertheless, the lack of a straightforward and definite interpretation of this concept was
illustrated in the discussions in Belgian CMGs as well as in patient interviews. Since both
professionals and patients expressed concerns about this criterion’s interpretation, the
uncertainty in actionability applies to the /oci of both stakeholders.

To this day, the interpretation of actionability as a criterion for the disclosure of IFs is mainly
or even exclusively decided upon by genetic professionals. From a patient perspective,
however, the professional interpretation of actionability may be too broad or too narrow.

On the one hand, the professional interpretation of actionability may be too broad. The
theoretical availability of a medical and personal intervention may not equal a patient’s ability
to realise this action, since actions may be out of reach for a variety of personal, social or
financial reasons (51, 52). Hence, even if effective interventions are available, patients may
not have access to these potentially beneficent interventions (53). These practically
inaccessible actions and interventions are frequently illustrated in the public debate, for
instance in the recent cases of “babies Pia and Victor”, children with muscle disease SMA1
who needed a medicine with a cost of 1,9 million euro. Several participants in the patient
interviews mentioned the context-dependence of actionability, which indicates their
acknowledgement of actionability-related uncertainty. On the issue dimension in the
taxonomy of Han et al., this uncertainty can be categorised as practical uncertainty (is an
intervention or action available in the current healthcare system?) and as personal uncertainty
(is an intervention or action available because of personal, economic or social reasons?)
(Figure 3)(7).

Another reason why the professional interpretation of actionability may be too broad, is
related to the potential impact and consequences of interventions. An IF regarding a
pathogenic variant in the BRCA1-gene allows a preventive mastectomy to minimise the
increased risk for breast cancer. This is, however, a radical intervention and a patient may
value its impact as too substantial, especially in combination with the experience of a
symptomatic disease, and classify this action as unsuitable (14, 34, 54). Alternative actions
such as a regular follow-up with mammograms are available, but what if the patient’s clinician
promotes a preventive mastectomy as the most efficient risk reduction? And what if clinical
interventions do not have the same effect on people who carry a genetic variant but have no
symptoms yet (34)? In the taxonomy of Han et al., these questions refer to therapeutic
uncertainty: which intervention is most suitable in response to an IF and who (or which locus)
determines this?

Personal, practical and therapeutic uncertainties concerning the actionability of an IF may not
be sufficient reasons for not reporting the result. Professionals may be unable to correctly
assess a patient’s ability or preference to act and patients should be allowed to make their
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own assessment of personally, practically and financially feasible actions. However,
uncertainties concerning an IF’s actionability should be acknowledged as potential obstacles
in the realisation of a finding’s actionability. Neither the actionable nature of IFs, nor the
mandatory disclosure of results can actually oblige patients to take any kind of action (55, 56).
Consequently, the benefit of a reported IF may be undone when the patient is not able to or
refuses to take action (11).

People seem to make a distinction between the value of knowing actionable information and
truly acting on this information in a presymptomatic context (57-60). A similar limited effect
has generally been observed concerning people’s lifestyle changes in response to genetic risk
information (61). Various participants of the interview study also expressed a dilemma
between the motivation to take action regarding potentially identified IFs and the ambivalent
value of preventive actions in response to presymptomatic results. Several patients
mentioned how results’ actionability lacks a guarantee of success, a concern about the
context-dependence of actionability that has been identified before and that, more
fundamentally, may be influenced by the difficulty to change people’s risk perceptions and
disease beliefs (61-63). This emphasises the therapeutic uncertainty in actionable IFs and the
patient-experienced personal uncertainty regarding possible consequences of disclosed IFs.
Research should further examine patients’ interpretation of IFs’ actionability to avoid an
asymmetry between their interpretations and professional expectations.

On the other hand, it has been suggested throughout this dissertation that, from a patient
perspective, the professional interpretation of actionability may be too narrow.

From the professional perspective, medical actionability has become a key criterion for
disclosure (34, 40, 42). This criterion can be both a necessary condition for disclosure (only
medically actionable IFs can be reported) and a sufficient condition for disclosure (medically
actionable IFs will be mandatorily reported). In such policies, the values of clinical wellbeing
and medical beneficence are assessed as major values in people’s life (64, 65).

If, however, IFs’ medical actionability is challenged by therapeutic, personal or practical
uncertainty, the privileged status of this criterion may be questioned. Moreover, most
participants of the patient interview study seemed to dismiss a strict delineation between
medically actionable and medically non-actionable IFs and they interpreted actionability in a
broad sense, which is in line with international research (44, 63, 66-69). Patients’ interest in
medically non-actionable IFs may also be motivated by their dynamic and hence non-
deterministic and uncertain interpretation of actionability: what is not actionable today, may
be so tomorrow. This dynamic interpretation aligns with people’s previously identified
motivation to receive IFs out of fear to miss out on potentially useful information (70).

The difference between professionals’ and patients’ interpretation of actionability instigated
several researchers to move beyond the professional monopoly on the interpretation of
actionability and to increasingly include patient perspectives in reporting criteria for IFs and
SFs (49, 71-73).
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As mentioned in chapters four and five, considering personal utility as a criterion for disclosure
may also raise problems (73). Actionability may become an unspecified umbrella concept and
stimulate a trend towards the disclosure of any result (74, 75). Counselling patients about
personally useful results may also become very complex and it should be considered whether
the costs of interpreting and reporting personally useful results can be outweighed by their
potential benefit (76, 77). Patients may overestimate the actionability of personally useful IFs
and the ability to control one’s health (44, 78).

Because of the interpretative difficulties regarding actionability, it has been suggested to
completely discard the criterion of actionability as a threshold for reportable IFs in a context
of adult testing (51). Instead, IFs* (likely) pathogenic impact may be a sufficient reason for
disclosure (51, 52).

d. Experience-based uncertainty

Besides’ patients’ experience of uncertainty concerning IFs’ actionability, they also seemed to
experience a more comprehensive type of uncertainty. This may be explained by a short
reference to the prologue and introduction of this dissertation. The myth of Pandora was
discussed as an illustration of the genomic paradigm shift that may currently take place in
medicine (79, 80). IFs in NGS-based genomic testing could be an ideal opportunity for a gradual
transfer from the old to the new paradigm. The indication for testing is still situated in the old,
diagnostically focussed paradigm while simultaneously, the genome-wide test creates the
opportunity to enter the new and more holistic paradigm. Most patients who were included
in the interview study were interested in partially realising the paradigm shift and they wanted
to receive (some) diagnostically unrelated information when considered personally valuable.

However, the paradigm shift also needs to be nuanced. NGS-based genomic testing may allow
for new and more holistic answers but they are also valued for possible answers to more
traditional and diagnostically focussed questions (81). This idea was confirmed by the
interviewed patients’ nuanced interpretation of and interest in IFs. Patients did not merely
ground their interpretation of IFs in result-specific qualities but also in illness- and family
related components. Also in the existing literature, is has been suggested that disease-specific
elements and personal or medical concerns, hence lived (illness) experiences and context, may
affect patients’ interest in and interpretation of IFs (29, 61, 63, 65, 68, 69, 82-86). This
compound meaning structure of IFs may be considered an empirical elaboration of
Christenhusz et al.’s emphasis on a patients’ health context and family history for the
interpretation of IFs (65).

Because of patients’ lived experience of illness and their (family) embedding, they have more
and nuanced knowledge about the potential meaning and impact of IFs on their personal life
(62, 80, 87, 88). It is exactly this expertise at a personal, psychological and family level that
may cause feelings of uncertainty towards the meaning of potential IFs: lived experiences and
detailed knowledge about one’s personal context generate a greater awareness of elements
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that may affect IFs” impact. This was reflected in nuanced and non-deterministic
interpretations of possible IFs, for instance regarding these results’ psychological, operational
and therapeutic effects, and, consequently, in a modest patient interest in these findings. In
the categorisation of Han et al., this nuanced interpretation of possible effects can be
associated with personal, practical and scientific (therapeutic) uncertainty regarding IFs’
effects.

Patients’ acknowledgement of uncertainty in IFs, grounded on their expertise in their own
experiences and context, is similar to the way genetic professionals are more aware of
uncertain scientific interpretations and consequences of IFs precisely because of their
scientific expertise. The patient experience of uncertainty in IFs also aligns with lay people’s
general acceptance of a certain degree of uncertainty in genomic test results and with a bio-
medical-psycho-social approach of genetic information (9, 48, 57, 63, 89-93).

Additional reasons besides patients’ personal, practical and family expertise may support their
nuanced interpretation of potential IFs and their experience of uncertainty.

Firstly, particular elements of lived illness experiences may affect the interpretation of
potential IFs, an idea which has been suggested before and which took a central place in the
results of the patient interviews (62, 63, 94). Specifically with regard to the concept of
uncertainty, it may be questioned whether patients’ acknowledgement of uncertainty in IFs
could be realised by a strategy of symptomatic echoing. Because of patients’ lived experience
of illness and genetic testing, they are familiar with some characteristics of genetic test results
and information. All interviewed patients but one experienced living with IRD, a blinding
disease with an ubiquitous impact and unpredictable prognosis. The receipt of diagnostic
genetic test results was experienced positively but it did not fundamentally change or relieve
patients’ experience, neither did it allow for a more specific prognosis or a treatment on short
notice. The experience of the modest or neutral impact of genetic test results may be
projected on possible IFs and withhold patients from an over-interpretation (95, 96). Most
patients desire the return of specific IFs but the modest impact of diagnostic test results on
their illness experience may nuance these results’ interpretation and induce an experience-
based uncertainty concerning IFs.

This hypothesis of the projection of IRD-experienced uncertainty on possible IFs suggests that
symptomatic echoing functions in two opposite ways: it aims to solve the abstract meaning of
IFs and it results in a nuanced interpretation of IFs because of experience-based uncertainty
regarding genetic test results.

Secondly, a nuanced and uncertain interpretation of IFs may, for some patients, be supported
by certain feelings of hope or positive opportunities that are allowed by uncertainty (3, 9). For
instance, when there is a 20 to 60 percent chance of disease, patients may emphasise “the
better end” of the spectrum (8). This inclination was also perceived in chapter seven where
some patients preferred a vague IRD prognosis over a definite negative prognosis. It also aligns
with many people’s general preference of ignorance over knowledge when it comes to
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negative things that may happen and with the idea that uncertainty is the price some people
are willing to pay for more autonomy (97, 98).

Finally, several participants of the patient interview study preferred an open, unknown and
hence uncertain future and a certain degree of “genetic ignorance” (87). This recognition of
and preference for a certain degree of uncertainty in life may be associated with an
acknowledgement of fundamental probability uncertainty in Han et al.’s taxonomy of
uncertainty (7, 99). It may further support the nuanced interpretation of IFs and temper the
interest in IFs and especially in SFs. Health, illness and life cannot be fully predicted, some
uncertainty is unavoidable in the human condition and for many people, this is how it should
be (9, 54, 60, 100).

8.2.2. Consequences of uncertainty

Throughout this dissertation, many issues and (ethical) problems have been discussed that
were related to and affected by the types of uncertainty in IFs and SFs as described above.
Two examples concern the concept of binning systems for IFs and SFs and the ethical values
that may support specific disclosure policies.

Firstly, in the introduction and in chapter four, the binning system of Berg et al. was mentioned
as one of the earliest suggestions for a more standardised disclosure of IFs (101). Almost ten
years after Berg et al.’s initial binning framework, its core idea is still frequently suggested as
an efficient way to structure genetic counselling sessions and informed consent procedures
regarding IFs and SFs (30, 102, 103). Nevertheless, the uncertain pathogenicity and
actionability of IFs and SFs, as well as the divergent professional and patient perspectives
hinder consistent binning procedures and impede the use of counselling and consent
strategies that are based on these procedures (24, 63, 104).

Secondly, as described in chapter six, the uncertain pathogenicity and actionability and the
context-dependent relevance of IFs and SFs may affect the ethical arguments for specific
disclosure policies. When an IF holds an excessive degree of uncertainty, its value for the
realisation of professional non-maleficence and beneficence may be questioned, especially in
case of a mandatory disclosure (105, 106). The uncertainty surrounding many IFs prompted
Hofmann to reject the validity of arguments concerning a right (not) to know or a duty to know
in a context of IFs (107). Hofmann claimed that many IFs are merely data and they do not
provide knowledge, hence arguments which refer to the potential value or risks of knowledge
do not apply to IFs (107).

Analogously, the benefits that may be realised by an active pursuit of SFs depend on the
(uncertain) meaning of diagnostically unrelated test results. As also discussed in Belgian CMGs,
elements such as increasing resources, societal evolution and scientific progress may support
professionals’ responsibility or even duty to actively pursue SFs (108). To this day, however, it
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is still unclear whether the required resources for opportunistic screening can be outweighed
by its realised benefits and whether a practice of SFs can meet the criteria concerning
proportionality and distributive justice (14, 69, 88, 109).

8.2.3. Different perspectives on uncertainty

An application of Han et al.’s taxonomy of genomic uncertainty to the interpretation of IFs by
Belgian genetic professionals and patients shows that both stakeholders experience
uncertainty in IFs but not always in an identical way (3, 7).

Genetic professionals were concerned about the pathogenic interpretation of IFs and its
diagnostic, prognostic, reproductive and therapeutic consequences. Additionally, they
experienced uncertainty because of the interaction between a specific IF and the particular
patient and the non-standardised outcome of this interaction for an IF’s final relevance.
Professionals were aware of these uncertainties because of their role-specific, scientific
expertise and they may aim to solve these uncertainties by medical and scientific progress,
additional guidelines or professional deliberation. These types of professionally experienced
uncertainty correspond with the assumption of Han et al. and with prior observations that
professionals will generally be more aware of different sources of uncertainty (especially
regarding ambiguity and complexity) and scientific (diagnostic and prognostic) issues of
uncertainty (3, 7).

Patients, however, expressed IF-associated uncertainties related to a fundamental and
inherent unpredictability of health, illness and life and these uncertainties were reflected in
non-deterministic interpretations of IFs’ potential characteristics and consequences. Patients
may be aware of these uncertainties in IFs because of lived experiences of illness and genetic
testing and because of their personal context and embedding. These experiences of
uncertainty correspond with Han et al.’s assumption that patients will be more aware of
fundamental probability uncertainty and more concerned about personal and practical issues
of uncertainty (7).

Summarised, whereas genetic professionals were more aware of epistemic causes and
scientific consequences of uncertainty, patients mainly focussed on the lived experience of
uncertainty and personal and practical consequences of uncertainty (62).

Professionals’ and patients’ divergent experiences of uncertainty in the interpretation of IFs
may be easily explained by their different roles but may nevertheless hinder a mutual
understanding of IFs (71). Therefore, this discussion not only aims to identify specific types of
uncertainty but also to investigate whether these uncertainties may be integrated as workable
tools in an effective and ethical policy on IFs and SFs. As a first step towards an affirmative
answer, we advocate a rapprochement of professional and patient-experienced uncertainties.
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8.2.4. A rapprochement of uncertainties

Professional and patient-experienced uncertainties do not necessarily turn IFs and SFs into
invaluable, threatening or unreportable information, since valuable and workable information
does not require an absolute certainty. Medicine inherently takes place in a context of
uncertainty and in this realm, both professionals and patients need to make decisions and
take action despite a spectrum of unavoidable doubts (8).

To allow for ethical decisions and actions that can be supported by both professionals and
patients, it is nevertheless important that this uncertainty is explicitly acknowledged, not only
at a theoretical level but also in the practical realm of genetic consults. Genetic professionals
and patients should become aware of and try to understand each other’s experience of
uncertainty, as well as each other’s role-specific expertise (6-8). This way, both stakeholders’
expertise and uncertainty could become explicitly shared experiences.

a. Professional expertise and modesty

A US-based study of 2010 indicated that a majority of the general population holds strong
misunderstandings about basic genetic concepts (110). Consequently, genetic concepts such
as whole genome sequencing, IFs or SFs may be difficult to comprehend (44, 85). People’s
genetic illiteracy and their awareness of what is already known and understood in genomics
have been a general concern among professionals (29, 40, 57, 89, 111).

Another part of patients’ genetic illiteracy may apply to their rather limited interest in the
technical and clinical validity of test results and their unawareness (on the source and issue
dimensions) of epistemic and scientific uncertainty in the professional interpretation of
genetic test results (4, 18). They also may not realise that they are not aware of this
professional uncertainty and hence suffer from “meta-ignorance” (6). This part of patients’
illiteracy concerns an ignorance in terms of what is (still) impossible to know and understand
in genomic medicine.

Both types of patients’ genetic illiteracy may have their consequences. Firstly, people’s “meta-
ignorance” about what is not yet understood in genomics may result in unrealistic
expectations and an optimistic bias towards genomic information in which potential harm is
downsized and potential benefit is emphasised (71, 90, 111). Patients’ ignorance about
genomic uncertainty and their optimistic bias may partly explain their wish to receive a broad
range of IFs, including medically non-actionable results or even VUS IFs (29, 46).

Secondly, patients’ limited genetic literacy affects the spectrum of results and options they
are offered. Various professionals of Belgian CMGs described how patients may not be able
to understand and cope with specific types of IFs and how therefore these results are not
offered (for instance medically-non-actionable results). One of the most significant
consequences of patients’ assumed inability to understand the meaning of genomic results
regarded the absence of an opt-out possibility of medically actionable IFs. Chapter six
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thoroughly discussed this practice in some Belgian CMGs in terms of a technological soft
paternalism.

Genetic professionals have an epistemic, scientific and role-specific expertise, including
knowledge of what is already understood and what is not yet understood regarding genomics
and IFs (7, 65). Based on this role-specific expertise, professionals should try to increase
patients’ genetic literacy and counter their ignorance about the meaning and potential impact
of IFs (99). Moreover, this education should counter patients’ meta-ignorance and inform
them about what is not (yet) known about genetic test results (6, 7, 65, 112). This implies that
professionals should not only invest in traditional patient education but should also allow an
“epistemic modesty” in their communication with patients, both during pre- and post-test
counselling (4, 65). They should explicitly acknowledge that IFs’" meaning and potential
consequences may be hard to understand and predict, also for genetic professionals (36, 113).

Professional modesty is an act of transparency that may set realistic patient expectations
about the (practical) value of potential results and that may, therefore, result in more
informed patient decisions (1, 3, 4, 111, 114). Equally important, professional modesty is an
act of respect and honesty towards patients (5). It turns uncertainty into an explicitly shared
experience and it may reduce the knowledge gap and disparity between patients and
professionals (5). By realising that uncertainty is not only a personal but also a professional
experience, patients may feel more aligned with professionals and more supported in their
choices. When, for instance, a patient chooses to opt out of IFs, the awareness of professional
uncertainty may support this choice as not merely grounded in patient autonomy but also in
professional non-maleficence (115). This may relieve patients from the feeling of an exclusive
responsibility for the choice made (116). Or, in terms of Fenwick et al.,, a mutual
acknowledgement of uncertainty may indicate that a non-disclosure of IFs should not
necessarily be equated to a refusal to rescue or be rescued; since the implications of many IFs
are still uncertain, it is still unclear whether their disclosure can be perceived as a professional
realisation of a rescue obligation (117).

Counselling, patient education and professional, epistemic modesty will (and should) not turn
patients into genomic experts with a scientific and technical knowledge that equals
professional competence; compared to patients, genetic professionals will always have an
expertise which is inherent to any clinical relationship between professionals and patients,
especially in a context of complex information such as genomics (111, 118, 119).

Therefore, the professional expertise on various source and issue uncertainties in IFs may
allow genetic professionals to decide on a bottom threshold for reportable IFs. Their expertise
on what is both known and still unknown allows them to ensure that reportable IFs meet
certain epistemic and scientific criteria - such as clinical validity or relevance - or do not exceed
a certain level of uncertainty, for instance regarding ambiguity or complexity uncertainty. If
patients desire to receive IFs that do not meet these criteria (for instance VUS IFs or IFs
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regarding ancestry or non-paternity), their wish may be declined by professionals’ expertise
(120, 121). This corresponds with the suggestion that technical and practical factors regarding
IFs (for instance IFs’ technical or clinical validity) should precede ethical issues (for instance a
patient’s wish to know) (99). It also accords with professionals’ idea that patient preferences
may guide disclosure decisions but only as long as these preferences are “reasonable” (24, 71,
122). Nevertheless, the idea of a bottom threshold for reportable IFs based on professionals’
specific, clinical expertise conflicts with the perspective of Schaefer and Savulescu. They
claimed that if non-clinical interests may support people’s right not to know, these interests
should also support the right to know and hence allow for the disclosure of IFs because of
personal, non-clinical reasons (123). Schaefer and Savulescu defended this idea within a
research context, followed by the idea that research participants may also receive information
they may misunderstand without further professional counselling if they explicitly agree to
this (123). However, such a practice in which patients receive unclear information without any
support, is hard-to-defend in a context of clinical care and a rapprochement between
professionals and patients.

Finally, some participants of the interview study expressed an appreciation of a fundamental
uncertainty and unpredictability of life. Therefore, it may be valuable to pay explicit attention
to the most fundamental component of source uncertainty in genomic and medical
information, i.e. probability (8). A professional may explain that medical probabilities do not
literally represent a person’s chance of a single outcome - for instance concerning an IF’s
penetrance or the success rate of a treatment (8). Probabilities are based on an aggregation
of past outcomes whereas the specific characteristics of every individual make future
outcomes fundamentally unknown and unpredictable (8). A more explicit acknowledgement
of inherent medical uncertainty may help patients to better understand uncertainties which
they have personally experienced (124).

b. Patient expertise and contextualised uncertainty

Professional, epistemic modesty regarding IFs mainly applies to the nature and effect of the
genetic test result per se. Elements concerning a patient’s illness and family history may be
taken into account as modifying factors for an IF’s clinical impact, but professionals may be
less able to assess the potential impact of a disclosed IF on patients’ lived (illness) experience
or family embedding. In terms of IFs’ compound meaning structure from a patient perspective,
this indicates that genetic professionals may be experts in IFs’ first meaning component
(result-specific qualities) but not necessarily in IFs’ other two meaning components (lived
illness experience and family embedding). Hence, in the meaning components of IFs that
exceed the clinical nature of the result, in may be patients and not professionals who are the
expert (125). As described above, it is exactly this expertise and this awareness of the practical
and personal consequences of IFs that may confront patients with uncertainty in IFs.
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In analogy with patients’ genetic illiteracy, professionals may be illiterate and even meta-
ignorant concerning patients’ personally experienced and contextualised uncertainty (6).
Therefore, professional, epistemic modesty does not only require the acknowledgement of
professional uncertainty at a scientific level but also at a level of patients’ lived experience and
context (65). Just like professionals should share both their expertise and uncertainty during
genetic consults, patients should share their expertise at a personal and embedded level, as
well as their associated experiences of uncertainty regarding IFs (7). Christenhusz et al.
described this attention for a patient’s particular experience as “making room for the patient’s
story” during counselling and consent procedures (65). In a context of uncertain information,
personal and embedded values that transcend the clinical level may be especially important
(5).

By sharing this personal expertise and uncertainty, professionals should recognise how
patients’ (illness) context and (family) embedding can affect the interpretation of IFs and,
consequently, how different patients can react differently to IFs (18, 36, 49, 54, 87, 104). The
inclusion of patients’ personal meaning structure, experiences and context intrinsically
suggests a tailored, case-by-case counselling approach (14, 37, 39, 91, 111, 114).

Christenhusz et al. did not consider “making room for the patient’s story” equivalent to the
absolute respect for a patient’s choice regarding the disclosure or non-disclosure of IFs (65).
In a true rapprochement between patients and genetic professionals, however, equal weight
could be given to both stakeholders’ expertise and uncertainty. “Making room for the
patient’s story” without acknowledging that this story may contain strong and sufficient
arguments for a patient’s preference not to know particular IFs, may not respect the patient
as a full member in the rapprochement-process (103). Instead, it could result in a favouring of
professional expertise and authority and in a prioritising of the clinical component of IFs’
meaning structure over personal and contextualised components (65).

Hence, acknowledging patients as full members in the rapprochement-process implies their
right to opt out of IFs, even if these results are supported by criteria of clinical validity, severity,
penetrance and actionability or values such as professional beneficence. Whereas scientific
expertise may allow professionals to decide on a bottom threshold for reportable results,
expertise in lived illness experiences and family embedding may allow patients to decide on
an upper threshold of reported results.

Patients’ unconditional right to opt out of IFs has been advocated previously (51, 100, 103,
126). This policy is supported by the idea that no one can be obliged to learn genetic
information against her will, not even when this information has an immediate clinical utility
and may be lifesaving (21, 27, 52, 102, 103). Contrary to Vayena’s and Tasioulas’ idea,
“valuable choices” cannot be equated to choices that realise a better health (127). Instead,
true freedom includes choices and actions that are considered (medically) unreasonable (103).
This idea corresponds with the suggestion that an informed consent should not only protect
patients’ bodies but also patients’ personal autonomy (128). A patient’s best interest can
supersede the medical level and personal and contextual elements may sometimes override
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the value of medical information (37). Analogously, professionals’ fiduciary duties do not only
include the duty of medical care but also the duty of loyalty to a patient’s interests that may
transcend the medical level and the duty to respect a patient’s self-determination (53).

In view of the importance of professionals’ expertise and their disclosure of scientific and
epistemic uncertainty, patient opt-out possibilities should be well-informed. Professionals
should explain the meaning and impact of both accepting and declining IFs and patients should
realise as good as possible what kind of information they accept or decline. A written informed
consent procedure may contribute to this goal but there is a lot of discussion about the most
suitable and effective type of informed consent (18). The use of an informed consent form has
been questioned more generally since it may originate from a fear of liability or a Western
audit culture and since it may create a false feeling of protection both in patients and
professionals (14, 36, 48, 129, 130). Instead, the counselling discussion may be more
important than the signature of an informed consent form, especially when the readability of
the consent document is low (129, 131).

Alternatively, proponents of a written informed consent form have suggested new consent
procedures such as broad or binned consent (29). Both types of consent are based on the idea
that it is impossible to explain all possible IFs (or SFs) in a specific and detailed way (49, 129).
In a broad consent procedure, patients are offered an “all or nothing” choice and they can
only choose to generally accept or decline (a predetermined list of) IFs or SFs (30, 129, 132).
This procedure is, for instance, suggested by the ACMG which does not recommend the
possibility of a partial opt-out (133). In a binned consent procedure, an information overload
is avoided by categorising potential IFs or SFs in delineated packages (102, 103). Subsequently,
patients may choose which sets of results they want to receive and which sets they want to
decline (30, 103). In line with potential implementation problems concerning the binning
system of Berg et al. (101), these consent procedures have been criticised because of the
difficulties of binning in se, the unilateral character of bins, the risk of a professional
preponderance in the delineation of bins and the risk of a burden of tick-boxes that can
undermine informed decision-making (49, 71, 101, 129).

More generally, patients’ focus on lived illness experiences and on diagnostic test results may
challenge a successful informed consent procedure concerning IFs or SFs (60, 69, 82, 100).
Patients’ symptomatic and diagnostic focus during pre-test counselling may cause them to not
pay significant attention to IFs and the abstract and uncertain character of presymptomatic
IFs may impede patients’ appreciation of predictive and preventive medicine (4, 29, 65, 76,
114, 134). The challenging nature of preventive actions regarding asymptomatic IFs has been
demonstrated before and indicates that patients with acute or chronic iliness concerns may
need to be made more aware of preventive possibilities (80, 135). Genetic professionals’
expertise will also be indispensable in this context.
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This introduces the last part of this discussion, i.e. some points of concern regarding the
counselling process for genomic uncertainty in IFs.

8.2.5. Counselling beyond principlism

A rapprochement of uncertainties corresponds with Christenhusz and colleagues’
identification of four ethical signposts for the disclosure of genomic IFs (65). They advocated
a maximal sharing of clinical geneticists’ knowledge, an epistemic modesty about genetic
information, a transparent communication of the significance of IFs from a patient perspective
and an inclusion of a patient’s embedded nature (65). The advocated rapprochement in this
discussion nevertheless differs from these ethical signposts by allowing a patient opt-out of
IFs and it aimed to more specifically delineate expertise and modesty from both the
professional and patient perspective.

The communication of uncertainty may collide with the principle and aim of evidence-based
medicine (1, 6, 100, 136). Even though professionals may be aware of medical uncertainty,
they may not be used or inclined to explicitly communicate this (1, 5). Hence a rapprochement
of uncertainties in IFs may require counselling and consent strategies that go beyond those
that are traditionally used. The development of a counselling strategy for IFs exceeds the
scope of this dissertation but some main points of concern may be identified.

Patients’ response to professional modesty concerning IFs and SFs is still unclear (14). People’s
appreciation of uncertain medical and genomic information has been associated with their
general risk appreciation but also with more contingent factors such as their mood (4, 9, 137).
Lay people’s ability to correctly interpret uncertain information may also be limited, since this
information may be perceived as abstract, complex and confusing (8). Therefore, people may
be ambiguous-aversive and use various strategies to avoid uncertainty (3, 8). Founded on a
pessimistic appraisal of risks and a fear for the potential outcome of uncertain information,
they may a priori decline uncertain but potentially valuable information such as IFs (4, 8, 71,
90). Conversely, they may hesitate to accept or they may even deny professional uncertainty
and instead hold on to their positive expectations regarding IFs or to an optimistic bias (4, 6,
8, 70, 90). This denial may be supported by traditional expectations towards medical
information that should resolve uncertainty and by feelings of frustration when this does not
appear to be the case (3, 5, 9, 47, 63, 113). In this last scenario, counselling patients about
professional uncertainty concerning IFs and SFs may not strongly affect patients’ initial
preferences (72).

The possibility of different reactions to uncertainty and professional modesty indicate the
importance of a balanced and effective way of communicating IFs’ and SFs’ scientific
ambiguity, complexity and uncertainty (3, 29, 77). Communicating professional uncertainty in
a meaningful and understandable way that maintains patients’ confidence in professional
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expertise may require new communication methods that acknowledge and counter the
impact of information’s presentation (8, 77, 137). When, for example, the choice concerning
IFs is framed as a decision on “possibly life-saving health information”, people may be very
likely to prefer the return of these result (137). Also particular examples of IF-associated
conditions can affect patients’ interpretation and choice. Risks associated with cancer, for
instance, may be interpreted as very distressing because of the emotional charge that has
been associated with cancer (62). Hence the presentation of IFs and SFs, including
terminological choices concerning potential outcomes, quantifiable risks and unquantifiable
uncertainties requires proper attention and further research (5).

In line with some people’s risk adversity, people have expressed concerns about “being left
alone” in interpreting IFs and SFs and in coping with these results’ clinical, practical and
emotional impact (94). Consequently, both in this dissertation and internationally, people
have stressed the importance of counselling for a successful coping and for an effective
translation of IFs into adequate medical care and lifestyle changes (94, 122, 138, 139). “Making
room for the patient’s story” and respecting the patient as a full member in the
rapprochement-process should not provoke professionals to leave the patient alone in this
story or to minimise professional responsibilities under the excuse of patient autonomy.

This call for counselling suggests that professionals may need to transcend the level of
scientific information and expertise (43). They may need to take up a more active role in
genetic consults and, together with the patient, think about possible (psychosocial, family-
wide) consequences of IFs, follow-up consults and suitable coping strategies (2, 43, 113, 125).
In other words, they are invited to actively include patients’ expertise and uncertainty in their
consult and counselling. The importance of a patient’s personal context for effective
counselling has been emphasised repeatedly and this context should be acknowledged as a
legitimate argument (29, 36, 41, 62, 88, 114, 138). Personalised care is a value that cannot be
realised from a merely professional perspective; it can only result from an active patient
involvement that allows for a real integration of personal and contextual elements.

Therefore, in a rapprochement of uncertainties, IFs should be perceived as dynamic concepts
whose meaning is conjointly constructed in oscillation between professionals and patients.
Stivers and Timmermans observed how professionals’ way of explaining VUS influenced
patients’ interpretation and how patients’ psychosocial experiences subsequently affected
their acceptance or denial of the professional explanation (124). Eventually, both parties’
interpretation of the VUS was a result of co-construction (124). The authors reported a similar
interactional process in genomic consults concerning the meaning of actionability (140). An
analogous process of interaction may apply to IFs, where an explicit and mutual
acknowledgement of these results’ potential uncertainty may enhance shared meaning-
making and, subsequently, shared decision-making (1, 3, 141). Similarly, Newson et al.
advocated an “ethics of genomic uncertainty” in which professional and patient experiences
are constructively incorporated in a reciprocal understanding of uncertainty (2).
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Considering IFs as co-constructed information implies caution towards recently developed
(online) tools that aim to prospectively assess patients’ preference towards IFs without
professional assistance or interactional communication (86). Finally, the conjointly
constructed meaning of IFs may not only occur at an interactional level between professionals
and patients, but may already start at an interactional level and rapprochement between
professionals, such as laboratory scientists and clinical geneticists. Closer interactions
between these professionals may result in fewer but more clinically relevant results that are
reported from the laboratory to the clinic and in a greater trust of clinical geneticists in
reported results (142). This, again, emphasises the importance of multidisciplinary
professional deliberation and the requirement to integrate a patient’s personal story and
expertise at different stages of clinical care.

An ethics of uncertainty does not only challenge evidence-based medicine but also principles
and values such as autonomous patient choices or professional beneficence (65). Ethical
principlism starts from a rational, liberal and rather atomistic perspective (143, 144). It pays
less attention to elements of lived experience, context, family embedding, complexity and
uncertainty which appeared to be central to this dissertation on IFs and SFs (65).

Therefore, an effective and ethical policy on IFs and SFs may require a reconsideration of
principlism. Both professionals and patients may have to reconsider their role of, respectively,
scientific information provider and autonomous decision-maker. As well as professionals are
invited to transcend the domain of scientific expertise and the value of medical beneficence,
patients may have to revise the intention of making autonomous choices that are founded on
objective medical knowledge. This reconsideration of traditional roles and expectations was
also included in the suggestion of Samuel et al. regarding a more relational approach towards
genetic consent (116). In a context of complex and sometimes uncertain genomic information,
too much attention may have been paid to the informational aspect of consent (116).
Information and autonomy may not be synonyms and both concepts may be inherently
connected with emotion and social embedding, especially in a context of genomic information
that may have a family-wide relevance (113, 116). This idea of a more relational consent aligns
with the idea that people may not be fully rational, independent and autonomous, especially
not in a context of complex and uncertain information, illness and care (80). Instead, they may
be interdependent, inherently related and dynamically connected with others (116, 118, 145,
146). This way, values of care, such as honesty and trustworthiness, may complement
principles of autonomy and beneficence (116, 147). These values can help to ensure that the
disclosure of IFs is not merely an act of potential (medical) benefit but a real act of care.

Finally, the merit of a rapprochement between professional and patient uncertainties is in the
process itself rather than in a final goal that should be achieved. Some types of uncertainty
may be reduced, for instance by scientific progress or a better understanding of a patient’s
lived experience or context. Inherent characteristics of genomic information, its complex
interaction with environmental factors and the dynamics in a patient’s context and embedding
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nevertheless impede an overall solution of uncertainty and some types of uncertainty cannot
be solved by adding ever more complex information (6, 113, 116). Therefore, the
rapprochement between professionals and patients does not aim for a definite solution but
for an acknowledgement, understanding and active integration of uncertainty in the
counselling process for IFs and SFs. As mentioned by Taber et al., uncertainty should not be
acknowledged or resolved so patients would make “the right choice” about (not) being
informed about IFs or SFs; this uncertainty should rather be acknowledged so patients can
decide whether and how the disclosure of these results would be meaningful to them (4).

8.3. Conclusion

In the clinical context of genomic IFs and SFs, a rapprochement of professional and patient
experienced uncertainties can be a next step towards an efficient and ethical policy. This
rapprochement integrates various perspectives and levels of the current debate on IFs and
SFs and it addresses important concerns that have been identified throughout this
dissertation.

At policy level, genetic professionals should, firstly, inform patients about the challenging and
sometimes uncertain interpretation and application of important reporting criteria for IFs and
SFs, such as pathogenicity and actionability. This education and counselling should be
grounded on a combination of professional expertise and modesty. In this act of scientific
modesty towards patients, professionals should simultaneously recognise the impact of a
particular patient’s situation and context on the interpretation of reporting criteria. This
acknowledgement may take the concept of personalised care and the practice of case-by-case
deliberations from a professional to a more patient-inclusive level.

Secondly, IFs’ complex, nuanced and context-dependent meaning as perceived from a patient
perspective should be acknowledged. Patients’ interpretation of IFs transcends the strictly
medical and result-centred level and additionally involves elements of personal illness
experience and family embedding. In a rapprochement of uncertainties, patients are invited
to share their personal and embedded expertise as well as their associated uncertainties
regarding IFs.

At value level, a rapprochement of uncertainties may require a reconsideration of values and
principles that are frequently invoked to support disclosure policies.

Professional modesty may discredit the disparity between well-informed professionals and
illiterate patients and may reduce the knowledge gap between both parties. More generally,
an explicitly shared experience of uncertainty questions the definition of autonomy in terms
of being (fully) informed.

In turn, the integration of IFs’ complex meaning from a patient perspective challenges the
delineation of professional beneficence in terms of strictly clinical benefit. If professionals
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want to understand and integrate the complex and nuanced perspective of patients, they are
urged to transcend the level of scientific expertise and take a perspective that goes beyond
clinical benefit.

In a rapprochement of uncertainties, in which both professionals and patients are stimulated
to share their expertise and uncertainty and to reconsider traditional values of autonomy and
beneficence, the meaning of IFs (and SFs) should be perceived as the result of a dynamic
interaction between both stakeholders. This joint construction does not aim for the solution
of uncertainty but rather for its explicit acknowledgement as a necessary step towards an
ethical policy that respects IFs” and SFs’ complexity in both the professional and patient
perspective.
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8.4. Study limitations and future research

Like any research study, this dissertation has its limitations that simultaneously indicate future
research needs.

The first chapter of this dissertation’s result section advocated a level-integrative approach of
the debate on IFs and SFs. This dissertation’s empirical studies mainly focussed on the policy
and value levels and did not explicitly address terminological issues. Throughout this
dissertation and its underlying studies, the terminology of IFs and SFs was sustained by a clear
definition and delineation of these concepts but the difficulties of these terms are
acknowledged. Further research should aim for a terminological consensus which is clear and
effective for both professionals and patients.

A second limitation of this research project regards the impossibility to analyse the impact of
actually disclosed IFs and SFs, both from the professional and patient perspective. In Belgian
CMGs, the experience with identified IFs in clinical genomic testing is currently limited because
of a standard clinical practice of NGS-based panel testing. Moreover, to this day, SFs are not
actively pursued. Hence the qualitative studies in this dissertation partly have an anticipatory
and hypothetical character. The need for more research on disclosed IFs and SFs and their
impact has been expressed in existing literature (10, 20, 44, 47). Before such research may be
optimally conducted in Belgium, major changes in used testing techniques, institutional
policies and ethical deliberation may be required.

From a patient perspective, however, the partly anticipatory character of the conducted
interviews may accord with the way actual patient choices regarding the return of IFs will have
to be made, i.e. before specific results have been identified (30, 97). More generally, genetic
centres and healthcare need to develop policy strategies that anticipate situations and
problems they have not always experienced yet. The hypothetical character of the conducted
interviews was also reduced by including patients who have lived experiences of illness and
genetic testing (mostly by use of NGS-based panel testing).

Another limitation of both the focus groups and interviews regarded the fact that, for reasons
of feasibility and complexity, not all types of potential IFs or SFs were discussed. The detection
of predispositions for multifactorial, including psychological or psychiatric, conditions or
pharmacogenetics were not questioned. Neither genetic professionals nor patients did
spontaneously mention these types of potential results.

An inherent limitation of the patient interview study regarded the selection of patients with a
specific inherited condition. Future research is needed that includes people with other types
of hereditary disease. In a multicultural and multi-diverse society, research should also include
more people with diverse backgrounds (148).
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An important component of IFs” meaning structure from a patient perspective concerned
patients’ family embedding. Because of the inherent family relevance of genetic test results
and patients’ ambivalent perspective on this relevance (in diagnostic results versus in
potential IFs), the association between IFs, SFs and a patients’ family context calls for further
research.

Future research should also consider professionals’ and patients’ responsibility in family
communication and its consequences. Patients may inform family members without adequate
counselling whereas professionals may harm family members’ autonomy and the principle of
patient confidentiality when they inform family members (120). In this context, ethical
research should consider concepts of personal and family-wide privacy, confidentiality, justice
and (genomic) solidarity.

In the general discussion of this dissertation, we advocated a rapprochement of uncertainties
regarding IFs and SFs between professionals and patients. Further research should indicate
how these uncertainties can be communicated in an understandable and effective way. Also
the counselling and consent strategies that are most suitable to support this rapprochement
of uncertainties should be identified.

It may be questioned whether one single counselling and consent session can simultaneously
inform patients about both diagnostic results and IFs or SFs. A single counselling session may
avoid pre-test situations where patients decline or postpone diagnostic testing because of
false beliefs about potential IFs and SFs or it may avoid post-test situations where patients
miss out on identified IFs or SFs (149). However, it has been questioned whether it is possible
and suitable to inform patients about all these types of results in an understandable way
within the limits of one pre-test or post-test counselling session (79, 89). Including the issue
of IFs and SFs in the diagnostic counselling procedure and informed consent form could make
these procedures too long, overwhelming and complicated and may even undermine the
positive effects of previous successful counselling (129, 149).

Therefore, staged procedures have been suggested in which information on diagnostic results
and IFs or SFs is provided in different counselling sessions and results are returned in different
consultations and reports (134, 135, 138, 149). This procedure may avoid an information
overload and result in better informed decisions, both regarding diagnostic results and IFs or
SFs (89, 149). Staged counselling and consent procedures could align with both professionals’
and patients’ diagnostic focus and with many patients’ more refined perspective on IFs
throughout the interview (14, 18, 65, 87, 91, 150-152). This effect of time and reflection can
be an important hint for effective counselling and lay people have emphasised the importance
of allowing enough time for counselling sessions and decisions on the disclosure of IFs and SFs
(54, 91). More research is needed on the feasibility, efficacy and consequences of staged and
other counselling procedures in a context of IFs and SFs.
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Previous research revealed the potential impact of the counselling person on a patient’s
specific choice regarding the disclosure of IFs (148). Therefore, more research is needed to
identify the most suitable person to take on this counselling role. Clinical geneticists may be
well educated to report identified IFs or SFs but it may be unfeasible to accomplish this task
all by themselves (43, 48, 88, 153, 154). Therefore, genetic counsellors may successfully take
up this role. In Belgium, there is no formal training and no official recognition of this
paramedical healthcare profession but countries such as Canada, the US and the UK may
provide valuable international examples (13, 48). Research should also consider the potential
role of general practitioners in genomic counselling. On the one hand, general practitioners
may have a limited genetic expertise (71). This need for genetic “capacity-building” applies to
several medical fields, such as oncology, cardiology, gynaecology and primary healthcare (11,
48, 52, 76, 89). In this context, EuroGentest and the ESHG Education Committee have
published a minimum set of genetic core competences for all healthcare professionals who
work in a primary, secondary and tertiary care context (155). On the other hand, and despite
general practitioners’ limited genetic expertise, lay people have emphasised the importance
of a trusting relationship with the counselling professional (125). General practitioners are still
assigned a central role in personal healthcare and they may have a frequent contact with
patients and a good knowledge of their medical, personal and family context (48, 65, 88). In
view of the complex meaning of IFs from a patient perspective, this more holistic professional
perspective may be highly valuable.

The specific perspective and expertise of various clinicians suggests a continuum of
stakeholders who each have their own (personal, embedded, scientific) experience, ranging
from patients to general practitioners, specialist doctors (for instance cardiologists,
gynaecologists, oncologists, ophthalmologists or neurologists), clinical geneticists and clinical
laboratory geneticists. The suggested rapprochement of uncertainties may be valuable for all
included stakeholders on this continuum.
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Epilogue - LIVED EXPERIENCES OF A RESEARCHER
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Qualitative research is not conducted in a vacuum. As demonstrated throughout this
manuscript, research participants and the phenomena under consideration are always
embedded in a broad context with its material, psychological, social and ethical components.
This embedding also applies to the researcher (1). Academics in qualitative research
increasingly acknowledge that researchers are an inherent part of the research process (2, 3).
In this process, it is essential for researchers to be aware of their personal preconceptions,
emotions and experiences throughout the collection and interpretation of data (2). Therefore,
I would like to briefly reflect on my own lived experiences throughout the writing of this
dissertation.

At the end of 2015, | applied for a research project that would focus on diagnostically
unrelated findings in genomics and that would include a qualitative study. | had already been
working as a junior researcher for over two years and had conducted over 50 interviews with
palliative people with cancer who are living alone. This way, | had experienced both the
potential emotional impact of interviews and my appreciation for doing qualitative research.
At the start of the new research project on diagnostically unrelated findings in genomics, | had
no clear expectations about the possible emotional impact of this study; | was more concerned
about the medical and technical knowledge this study could require. However, when studying
the literature and preparing the qualitative studies, | realised this research project could
become more personal than | had expected.

Firstly, when analysing the 2013 recommendations of the ACMG (4), | noticed how these
recommendations advised to routinely screen for pathogenic variants in genes associated with
a condition | personally have. Of course, | had thought about my own genetic condition when
| applied for this research project but | honestly did not reflect on it for too long. | had known
this diagnosis for almost twenty years, the condition’s symptoms had largely become a habit
and | do not feel seriously hindered in my daily life.

Secondly, the decision was made to interview people with an IRD. One of the main symptoms
| personally experience concern visual problems and for the second time, | realised the
possible - yet partial - connection between the research project and myself. | realised that the
research project would not only require medical and technical knowledge but also attention
for its possible personal and emotional impact. Nevertheless, | assumed that the partial
connection between the research topic and myself would not hinder me in my research
activities, a message which | also communicated to my supervisors.

Probably every qualitative researcher will, at some point, experience the connection between
herself and her research project. At the end of this particular research project, | still consider
the partial connection between the research topic and myself neither as an obstacle nor as a
precondition for conducting this study. Nevertheless, | cannot deny the personal and
emotional impact of this biographical connection (5).
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Firstly, | often thought about the effect of having a genetic condition for which an
opportunistic screening has been advised. Would | like to be informed about a predisposition
for this condition in the context of a diagnostically unrelated test? Since | can hardly imagine
not having this condition, this question is difficult to answer and seems almost paradoxical to
me. | was genetically tested as a young adolescent and this because of symptoms and a family
history. There was nothing presymptomatic or incidental about this situation and the reported
results. | value the knowledge of the genetic test result but this appreciation is probably
affected by the very fact that this condition is and has been symptomatic for a very long time.
Because of this strong embodiment, it may be more sensible to me to reflect, in line with the
participants of the interview study, on the potential disclosure of IFs or SFs regarding
conditions | have not become physically and personally fused with.

Over the past four years, my lived experience of a genetic condition neither seems to have
realised a straightforward personal preference regarding the disclosure or decline of IFs and
SFs, nor did it cause a consistent evolution in my personal perspective. Instead, | realised how
my perspective on specific IFs and SFs is affected by my personal experiences and context and
how difficult it is to make abstraction of this embedding. To me, the questions what IFs and
SFs may potentially mean to me and whether | would like to be informed about these results,
mainly emphasise the importance and inevitable impact of my own embodiment and lived
experience. In terms of this dissertation, it seems to confirm the requirement to transcend a
purely medical or result-centred level and to allow a more personalised and contextualised
approach to IFs and SFs.

Secondly, | have wondered many times about my attitude towards interview participants who
suffer from symptoms | - partly - recognise. It should be emphasised that the visual problem |
have is not related to IRD, neither in specific symptoms, nor in prognosis. Nevertheless, my
vision has progressively declined over time, can only be partly supported by use of visual aids
and it prevents me, for instance, from driving a car. The differences between my own
symptoms and those of the participants made me decide to not disclose this personal
experience during interviews. | did not consider this disclosure necessary for a better rapport
and it might be considered irrelevant or even inappropriate by the interview participants. The
partial similarities between my own and the participants’ visual experience, however, may
have had some effects. In patient stories, | recognised testing procedures and names of clinical
institutions or professionals. Practical problems and sometimes emotional and family issues
could also sound familiar. The most significant impact of the partial connection between
participants and me probably applied to the psychological effect of some participants’ story. |
felt that some stories deeply affected me, especially when people expressed feelings of
anxiety, frustration or shame. Some interviews also induced personal thoughts and doubts
about my own experience with a genetic condition, personal coping strategies and family
embedding. To cope with the emotional impact of some stories, | made reflexive notes after
every interview. In these notes, | pre-analytically reflected on methodological concerns, the
overall interview and personal issues. This emotional self-awareness and “embodied
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reflexivity” helped me to process the interview at a personal level before initiating the actual
analysis in a more attentive way (3).

Once again, | realised and experienced how conducting qualitative research does not only
require scientific but also emotional effort and how researchers may impact and are affected
by their research project. Trying to understand others’ lived experience starts with the explicit
acknowledgement that research is not conducted in a vacuum, neither for research
participants, nor for researchers. The lack of a protective bell jar may be challenging to
qualitative research and make it “messy” sometimes (6), but it can also make it rich and thick,
in both a professional and personal way.
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SUMMARY

Over the last years, genome wide testing technologies have been increasingly introduced in
the clinic. In these genome-based testing procedures, diagnostically unrelated incidental
findings (IFs) can be revealed or secondary findings (SFs) can be actively pursued. IFs and SFs
can allow for preventive or therapeutic actions but they may also result in anxiety and distress
and needless or harmful interventions. Major challenges regarding these results concern the
different perspectives of professionals and patients on disclosure, potentially divergent
professional practices as a consequence of conflicting recommendations and a limited
understanding of patients’ interpretation of IFs and SFs.

The main objective of this dissertation is to examine the practice and perspectives of
professionals and patients regarding the disclosure and meaning of IFs and SFs in a context of
NGS-based clinical genomic testing in adults. More specifically, this dissertation focusses, first,
on the practice, policy and (ethical) motives concerning disclosure from the perspective of
genetic professionals in Belgian centres for medical genetics (CMGs) and, second, on the
meaning of potential IFs and SFs from the perspective of genetically tested patients.

The results section of this dissertation starts with a critical study of the current debate on IFs
and SFs from a multi-levelled perspective. Major points of discussion are assessed at
terminology, policy and value level.

In the absence of a terminological consensus, policy issues concerning the minimisation of IFs,
the active search for SFs and strategies for feasible and effective counselling are still debated.
Values of autonomy, beneficence and actionability are frequently invoked as underlying
principles but these concepts may conflict and they challenge a univocal interpretation.

A level-integrative approach that explicitly acknowledges the inherent interaction between
the terminology, policy and value levels may stimulate a more effective debate on IFs and SFs.
Additionally, this approach should pay more attention to the patient perspective, including
patients’ lived experience and particular context.

The next three results sections use an empirical and qualitative approach to discuss different
levels and perspectives within the debate on IFs and SFs.

Firstly, reporting policies concerning IFs and SFs in a diagnostic context are addressed from
the perspective of genetic professionals in Belgian CMGs. A focus group study indicated that
SFs are not actively pursued in Belgian CMGs but that a specific subgroup of IFs may be
reported. The clinical significance of an IF and patient-related factors are major criteria for
disclosure. Concerning IFs’ clinical significance, professionals generally emphasised that
reported IFs should be pathogenic and actionable. However, these criteria challenge an
unambiguous interpretation and several professionals expressed the difficulty of finding the
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right balance between clinically valuable and potentially harmful information. With regard to
the reporting criterion of patient-related factors, a diversified practice on a patient opt-out
for medically actionable IFs was revealed in Belgian CMGs. Clinical, practical and ethical
arguments support these local opt-out policies. Finally, an interaction between particular
patient characteristics and the significance of a specific IF can affect disclosure. This
interaction creates the need for professional deliberation, as well as a tension between
general guidelines and a case-by-case approach.

The next chapter of the dissertation focusses on the value level of the debate on IFs and SFs.
This chapter identifies and discusses the ethical values and principles that are invoked by
professionals of Belgian CMGs for the disclosure of IFs and SFs. Respect for patient autonomy,
professional non-maleficence and beneficence are frequently called upon to justify the
disclosure of results. All values are particularly at stake in the highly discussed policy
concerning a patient opt-out of medically actionable IFs. Some Belgian professionals
considered the value of patient autonomy as superseded by professional beneficence, which
resulted in a mandatory disclosure of medically actionable IFs. In this chapter’s discussion, this
mandatory disclosure is conceptualised as a technological soft paternalism. Arguments for this
technological soft paternalism, including professional assumptions on patients’ genetic
literacy and a normative rationality, are critically reflected upon. Also the beneficent outcome
of a paternalistic disclosure is questioned. The chapter ends with a reflection on the value of
distributive justice as an important factor in the delineation of the current scope of the debate
on IFs and SFs.

The last chapter of the results section changes perspective and examines the meaning of IFs
from a patient perspective. This chapter presents the results of an interview study with 14
adults with an inherited retinal disease (IRD).

Patients assign a complex meaning to IFs that includes a nuanced and non-deterministic
interpretation of an IF’s possible characteristics and consequences. From a patient
perspective, IFs’ meaning largely transcends the result-centred and medical level. This is
shown in the way lived experiences of an IRD may affect the interpretation of potential IFs.
Patients’ illness experience may both temper their interest in IFs and influence the
interpretation of IFs’ possible characteristics and consequences. Finally, patients’ family
embedding and history of disease can affect their interest in and interpretation of potential
IFs. This association conflicts, however, with patients’ more limited concern about the family-
wide relevance of potential IFs.

The complex and nuanced meaning structure of IFs from a patient perspective should be taken
into consideration in the development of effective counselling procedures.

Both the focus groups with genetic professionals and the patient interviews reveal a high level
of complexity concerning the meaning and disclosure of IFs and SFs. Meaning structures and
reporting decisions result from a compound and nuanced deliberation process on IFs and SFs,
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both in professionals and patients. This way, the results of the empirical studies lead to a
reflection on the concept of uncertainty in genomic IFs and SFs. Both professionals and
patients experience uncertainty in the interpretation of IFs and SFs but the causes and
consequences of these perceived uncertainties diverge. Whereas genetic professionals are
more concerned about epistemic causes and scientific consequences of uncertainty, patients
mainly focus on lived experiences of uncertainty and personal and practical consequences.
Rather than considering these uncertainties as obstacles for an efficient policy on IFs and SFs,
a rapprochement of uncertainties between professionals and patients is advocated. In this
rapprochement, both stakeholders should become aware of and try to understand different
types of uncertainty. A rapprochement of uncertainties may eventually result in a conjointly
constructed meaning of IFs and SFs that is optimally adjusted to a particular patient’s specific
context.

Overall, this dissertation contributes to a nuanced interpretation of genomic IFs and SFs in

which the voices of professionals and patients, as well as policy and ethical concerns are given
a central position.
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SAMENVATTING

De afgelopen jaren werden genoombrede technologieén steeds meer geintroduceerd in de
klinische praktijk. In deze genoombrede testprocedures kunnen diagnostisch ongerelateerde
toevalsbevindingen (incidental findings of IFs) worden vastgesteld en kunnen secundaire
bevindingen (secondary findings of SFs) actief worden opgespoord. IFs en SFs kunnen
preventieve of therapeutische interventies mogelijk maken maar kunnen ook tot angst of
onnodige en schadelijke interventies leiden.

Tot op vandaag stellen IFs en SFs ons voor belangrijke uitdagingen. Deze uitdagingen betreffen
onder meer de verschillende perspectieven van professionals en patiénten op de rapportering
van IFs en SFs, het gebrek aan uniforme aanbevelingen en mogelijks uiteenlopende
rapporteringspraktijken en het beperkt inzicht in de interpretatie van IFs en SFs door
patiénten.

Dit proefschrift onderzoekt het perspectief van professionals en patiénten op de rapportering
en betekenis van IFs en SFs in een klinische context van genoombrede tests bij volwassenen.
Dit proefschrift focust meer specifiek op de praktijk, het beleid en de (ethische) motieven voor
de rapportering van IFs en SFs vanuit het perspectief van genetische professionals en op de
betekenis van mogelijke IFs en SFs vanuit het perspectief van genetisch geteste, volwassen
patiénten.

De resultatensectie van dit proefschrift start met een kritische beschouwing van het huidige
debat over IFs en SFs. Belangrijke discussiepunten op vlak van terminologie, beleid en ethische
waarden worden hierbij onderzocht.

Voorlopig is er geen consensus over de beste terminologie voor IFs en SFs. Op beleidsniveau
worden praktijken betreffende het minimaliseren van IFs, het actief opsporen van SFs en de
meest geschikte strategieén voor counseling volop bediscussieerd. Waarden betreffende
autonomie, weldoen en de opvolgbaarheid van testresultaten (de handelbaarheid of
actionability van resultaten, d.w.z. de mogelijkheid tot het stellen van preventieve of
therapeutische acties) worden vaak aangehaald als onderliggende beleidsargumenten maar
deze concepten kennen geen eenduidige interpretatie en komen regelmatig in conflict.

Het expliciet erkennen van de interactie tussen terminologie, beleid en waarden kan een meer
effectief debat over IFs en SFs stimuleren. Daarnaast moet verder onderzoek zich richten op
een patiéntenperspectief dat aandacht heeft voor de geleefde ervaring en persoonlijke
context van de patiént.

In de volgende drie hoofdstukken worden de verschillende niveaus en perspectieven binnen
het debat over IFs en SFs verder onderzocht aan de hand van kwalitatief onderzoek.
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Een focusgroepstudie met professionals onderzocht de rapportering van IFs en SFs in
Belgische centra voor medische genetica (CMGs). Professionals in Belgische CMGs sporen SFs
niet actief op maar rapporteren wel specifieke IFs. De klinische relevantie van het resultaat en
patiéntgerelateerde factoren zijn daarbij belangrijke rapporteringscriteria. Wat de klinische
relevantie van IFs betreft, benadrukken de meeste professionals dat gerapporteerde IFs
pathogeen en opvolgbaar (actionable) moeten zijn. Deze criteria zijn echter moeilijk eenduidig
toe te passen in de praktijk, wat tot een moeilijk evenwicht kan leiden tussen klinisch
waardevolle en potentieel schadelijke informatie. Wat patiéntgerelateerde factoren betreft,
vertonen Belgische CMGs een diverse praktijk inzake de mogelijkheid tot een patiénten opt-
out voor IFs die medisch opvolgbaar zijn. CMGs ondersteunen hun lokaal opt-out beleid door
middel van klinische, praktische en ethische argumenten. Tenslotte kan de interactie tussen
de concrete patiént en de specifieke IF de rapportering van resultaten beinvioeden. Deze
interactie maakt professioneel overleg noodzakelijk en creéert een spanning tussen algemene
richtlijnen en casus-specifieke benaderingen.

In een volgend hoofdstuk worden de ethische waarden en principes onderzocht die
professionals in Belgische CMGs inroepen voor de rapportering van IFs en SFs. Respect voor
patiéntenautonomie, niet-schaden en weldoen worden vaak aangehaald als argumenten voor
het al dan niet rapporteren van IFs en SFs. Vooral de praktijk betreffende een opt-out voor IFs
die medisch opvolgbaar zijn, zorgt voor conflicten tussen deze waarden. Sommige Belgische
professionals stellen dat in deze kwestie patiéntenautonomie wordt overtroffen door
professioneel weldoen, wat resulteert in een verplichte rapportering van IFs die medisch
opvolgbaar zijn.

In de discussie van dit hoofdstuk wordt de verplichte rapportering van IFs doorgelicht in
termen van een technologisch zacht paternalisme. Professionele veronderstellingen over de
genetische kennis van patiénten en de idee van een normatieve rationaliteit worden kritisch
bediscussieerd als argumenten voor dit technologisch zacht paternalisme. Ook het positief
effect van een verplichte rapportering wordt in vraag gesteld. Tenslotte wordt de waarde van
verdelende rechtvaardigheid aangeduid als een belangrijke factor voor de huidige reikwijdte
van het debat over IFs en SFs.

In het laatste hoofdstuk van de resultatensectie wordt de betekenis van IFs onderzocht vanuit
een patiéntenperspectief. Dit hoofdstuk geeft de resultaten weer van een interviewstudie met
14 volwassenen met een erfelijke netvliesaandoening (inherited retinal disease of IRD).

Patiénten kennen een complexe betekenis toe aan IFs en hebben een genuanceerde kijk op
de mogelijke kenmerken en gevolgen van IFs. Voor patiénten overstijgt de betekenis van IFs
vaak het resultaatspecifieke en medische niveau. Dit komt onder andere tot uiting in de
manier waarop de ziekte-ervaring van patiénten enerzijds de interesse in IFs kan temperen
maar anderzijds ook de interpretatie van deze mogelijke resultaten beinvloedt. Tenslotte
wordt de betekenis die patiénten toekennen aan IFs ook beinvlioed door hun familiale context
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en een eventuele ziektegeschiedenis. Opvallend is dat patiénten daarentegen minder begaan
lijken met de eventuele relevantie van IFs voor familieleden.

Voor een optimale counseling is het belangrijik de complexe en genuanceerde
betekenisstructuur van IFs te erkennen en mee in rekening te brengen.

De focusgroepen met genetische professionals en de interviews met patiénten geven een
sterke complexiteit weer binnen de betekenis en rapportering van IFs en SFs. Zowel bij
professionals als bij patiénten zijn toegekende betekenissen en beslissingen over rapportering
het resultaat van genuanceerde overwegingen. Dit resulteert in de algemene discussie van dit
proefschrift in een reflectie op de ervaren onzekerheid betreffende IFs en SFs. Zowel
professionals als patiénten ervaren onzekerheid binnen de interpretatie van IFs en SFs maar
de oorzaken en gevolgen van deze onzekerheden zijn vaak verschillend. Terwijl genetische
professionals meer begaan zijn met wetenschappelijke oorzaken en gevolgen van
onzekerheid, zijn patiénten vooral begaan met de beleving van onzekerheid en de persoonlijke
en praktische gevolgen ervan.

Eerder dan deze onzekerheden binnen IFs en SFs te beschouwen als obstakels voor een
efficiént beleid, wordt gepleit voor een expliciete erkenning van en toenadering tussen
onzekerheden zoals deze worden ervaren door beide partijen. Door een wederzijds begrip van
verschillende types onzekerheid kunnen patiénten en professionals interactief betekenis
verlenen aan mogelijke IFs en SFs en dit op een manier die optimaal aansluit bij de specifieke
context van de patiént.

Dit proefschrift wil bijdragen aan een genuanceerde interpretatie van IFs en SFs. Zowel de

stem van professionals en patiénten als beleidsmatige en ethische overwegingen worden
hierbij geincludeerd.
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uitdagende en constructieve lezing van mijn proefschrift. Het is een eer dat dit proefschrift
werd beoordeeld door mensen met zoveel expertise. Bovendien wil ik de examencommissie
bedanken voor haar bereidheid om onder deze bijzondere omstandigheden deel te nemen
aan de verdedigingen en deze bovendien comfortabel te laten aanvoelen.

Daarnaast wil ik starten met het bedanken van die mensen die elke fase binnen dit doctoraat
van heel dichtbij hebben gevolgd.

Ignaas, verschillend zijn we op bepaalde punten absoluut. De één snel en beslist, de ander
vaak met eindeloos veel omwegen; de rolverdeling hoef ik niet te benoemen. Niettemin
kwamen we tot een samenwerking waarin ik zowel uitdaging en stimulans als geruststelling
envertrouwen vond. Die combinatie heeft me tot zaken gebracht die ik alleen niet had kunnen
of durven realiseren en daar wil ik je absoluut voor bedanken. Daarnaast wil ik je bedanken
voor de deur die altijd openstond. Het formaat van de post-it waarmee ik binnenkwam zei
meestal niets over de aard van mijn vraag, maar of het nu een onmogelijk dilemma aangaande
lettertypes betrof of een existentieel geworteld writer’s block, ik kon er altijd mee terecht.
Bedankt om me via je antwoorden op beide soorten vragen door de bomen opnieuw het bos
te laten zien en me tot dit punt te begeleiden.

Heidi en Elfride, ook jullie wil ik van ganser harte bedanken voor de eindeloze hulp, de steun
en het vertrouwen. De nauwgezetheid waarmee jullie mijn werk tegen het licht hielden was
steeds verhelderend en verrijkend. Heidi, de manier waarop je me liet reflecteren op mijn
eigen denkpistes en Elfride, het geduld waarmee je me wegwijs maakte in de genetica, ik heb
het allebei enorm geapprecieerd. Ook de motiverende berichten, de steun op de momenten
van vermoeide wanhoop en de boekentips heb ik enorm gewaardeerd.

Ik wil alle drie mijn promotoren in het bijzonder bedanken voor de steun in de eindfase van
dit doctoraat. Het was soms een uitputtingsslag, niet alles loopt zoals gedroomd en de emoties
namen het op het eind soms over. Maar ook op deze momenten voelde ik me begrepen en
altijd aangemoedigd, waarvoor heel veel dank.

Ook de leden van mijn begeleidingscommissie, prof. Guido Pennings en prof. Veerle Provoost,
wil ik bedanken voor hun feedback en advies.

De studies waarop dit proefschrift is gebaseerd waren onbestaande zonder de deelname van
alle participanten. Ik wil iedereen bedanken die deelnam aan een individueel interview voor
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het vertrouwen en de openheid. Deze interviews zijn niet alleen de basis voor
wetenschappelijk onderzoek maar ook de kern van mijn motivatie als onderzoeker.

Ook alle professionals van de Belgische centra voor medische genetica wil ik bedanken voor
hun tijd en voor hun enthousiaste deelname aan de focusgroepdiscussies. Ik maakte kennis
met een enorm gedreven groep professionals waarvoor de zorg voor elke patiént dagelijks
weer centraal staat. Het was een voorrecht hierover met jullie in debat te mogen gaan,
waarvoor dank.

In de realisatie van de studies en de rekrutering van participanten gaat ook grote dank uit naar
prof. Bart Leroy en dr. Caroline Van Cauwenbergh. Bart en Caroline, bedankt voor de tijd die
jullie steeds vrijmaakten, soms uren lang, voor de duiding die jullie steeds gaven en voor jullie
vertrouwen.

Ook Mayke wil ik bedanken voor haar grote en geinteresseerde hulp bij het uittikken van de
interviews.

Toen ik in 2016 startte als onderzoeker aan de Universiteit Gent belandde ik aan de huidige
Vakgroep voor Volksgezondheid en Eerstelijnszorg, een plek waar ik me zeer snel comfortabel
voelde. Ik deelde het bureau eerst met Yasmien en vervolgens met Jodie en ik wil hen allebei
bedanken voor het gezelschap. Er kon gepraat worden (doch soms enkel na een
geinformeerde toestemming) over zoveel meer dan het werk en de chocolade lag daarbij
nooit ver weg. Sorry voor de soms fanatieke aanslag op mijn toetsenbord en bedankt voor de
deugddoende dan wel ontspannende babbels. Kristien, we hebben het bureau niet lang
gedeeld maar ik heb genoten van en geleerd uit je openheid. Ga ervoor en blijf de wereld
voorzien van de nodige poézie.

Tania, de strook mat glas tussen onze bureaus heeft ons meer gehinderd dan geholpen maar
noch mat glas noch verschillende continenten kunnen ons verhinderen contact te houden,
denk ik. Onze samenwerking heb ik altijd ervaren als enorm motiverend en na een audit-sessie
had ik altijd meer inspiratie dan goed is voor één doctoraat. Bedankt om mijn analyses te
verdiepen en mijn zinnen te verkorten. Ik zal altijd onthouden dat het vanaf drie komma’s
riskant wordt. Maar vooral bedankt voor de toi toi toi en go go go en je zorgzaamheid. Ik wens
je een fantastisch nieuw hoofdstuk toe en ik kijk uit naar de eventuele voetnoot waarin ik naar
de andere kant van de wereld reis. We zien elkaar daar!

Ook de andere collega’s van de PhilMedEthics onderzoeksgroep wil ik bedanken. Kasper,
Liesbet en Svava, ik stak altijd iets op uit onze babbels maar het was bovendien ook altijd een
plezier even met jullie te praten. Ik hoop oprecht dat we elkaar nog regelmatig mogen
ontmoeten, zij het professioneel, zij het voor macaroni met een glas cava.

Kaat, Veerle, Karen en Emelien, jullie bureaus waren regelmatige tussenstops op de route
tussen mijn bureau en de koffiemachine. Bedankt voor de luisterende oren, de kennis over
borrelende kefir, de dagtrips en de wafels op de dijk.

Lynn, paranimf uit de duizend. Je wilde graag een expliciete bedanking en die krijg je ook
omdat je ze echt helemaal verdient. Je kan veel wat ik bewonder, zoals Ufora temmen maar
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ook tot de kern van de zaak komen zonder grote woorden. De afgelopen weken heb je me
bovendien ondersteund op onnavolgbare wijze. Valentijn, pureepatatten in de passe-vite en
aperitief op het terras boven de praktijk van dokter-dokter, het is allemaal van ons en ik kijk
uit naar de verderzetting van deze tradities.

Ik wil graag iedereen van de vakgroep bedanken. Dank voor de kansen die ik er heb gekregen,
dank aan onder andere Claudine, Karine, Anja, llse, Amélie, Ellen en Dirk voor de hulp op alle
administratieve fronten, dank aan Stefan, Veerle, Fien, Pauline, de groep rond End-of-Life Care
en werkelijk aan alle collega’s voor het supporteren en voor de vermakelijke koffie- en
middagpauzes.

Op de vakgroep heeft ook een groep mensen gewerkt die kwaad wordt bij de aanspreking ex-
collega’s. Terecht. Jens, Karolien, Lise, Yasmien, Jodie en Carlotta, we zijn een luide maar
vooral heel goede vriendengroep geworden die ongetwijfeld nog menig vakantiehuis zal
kapen. Ik kijk nu al uit naar de volgende bananentaart en kerstoutfits. Karolien, het deed
enorm deugd om een handlanger te hebben tijdens deze allerlaatste weken. Alle succes
morgen! En Jens, wanneer gaan we nog eens kijken hoe er ’s morgens wordt gedweild in de
horeca? Naar het schijnt zorgt Minnie Riperton voor de soundtrack.

In de categorie “collega’s die echte vrienden werden” verdienen Charlotte en Stephanie een
speciale vermelding. Charly, jij bent misschien wel de eerste die me de meerwaarde van
teamwork echt leerde kennen. Als onderzoekers hadden we dezelfde interesses maar een
totaal verschillende aanpak en dat maakte ons tot een supergoed team. Later bleken we ook
na de werkuren een goed team en sindsdien zijn spontane spaghetti-dates één van mijn
favoriete uitstappen. Stephanie, ik ben zo blij dat jij er later ook bij kwam. Jij die me elke keer
opnieuw opwacht aan het station en jij die voor mij een schnitzel-chalet trotseert, dat kunnen
toch alleen maar tekenen van echte vriendschap zijn. Op naar het volgend weekend bij de
kleine zeemeeuw.

Heel graag wil ik ook mijn vrienden buiten het werk enorm bedanken. Velen van hen gaan al
meerdere decennia mee en het is ongelooflijk om dat te kunnen zeggen.

Ik wil Annelies, Liesbeth en Annelies en uiteraard ook Bas, Maarten en Jonas bedanken voor
de jarenlange vriendschap. Ik kijk uit naar nog vele uitstappen met “de meisjes”. Ik heb alvast
een lijst van mogelijke trips opgesteld, we komen ongetwijfeld ook nog meerdere decennia
toe.

Matthi, die de mooiste nieuwjaarsbrieven schrijft, en Fré, ik kijk uit naar opnieuw meer tijd
met jullie. Fré, je hebt me geleerd soms net iets minder voorzichtig te zijn. Merci voor minder
terughoudendheid en voor meer campingkoffie. Je bent dat ene zetje dat ik vaak net nodig
heb. Bovendien ben je mijn favoriete home-office-co-worker en ik kijk uit naar de
personeelsfeesten die we dringend moeten beginnen organiseren. Ook wil ik je bedanken
voor je grafische hulp de laatste weken en je talent om met kritische klanten om te gaan.
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Sofie en Kristof, gold members van het goede leven. Ooit speelde zich in Rotterdam een
memorabel weekend af en de XL versie in Amalfi moest niet onderdoen. Jullie tonen hoe elke
dag een beetje weekend kan zijn, jullie supporteren alsof het de evidentie zelf is en jullie
maken mij altijd welgezind. Leaving pieces behind en tapas infinity, graag binnenkort opnieuw
aan een zuiderse kust.

Thijs en lIris, team Tieben. Gekend in Gent en ver daarbuiten als allerbeste gastheer en
gastvrouw, als altijd attent en als zorgzaam zonder grote woorden. Bedankt voor de rode kool,
de spaghetti, de beentjes onder tafel en vooral de jarenlange steun en aanmoediging. Ooit
maak ik het goed in ice Marsen.

Mortimer, merci voor de concerten, de café-avonden, de talloze etentjes. We hebben een
vriendschap waarin het leven kan worden doorgepraat tot er werkelijk niets meer valt over te
zeggen en waarin we het daarna meestal weglachen. Het is tijd om de frequentie van die
activiteiten opnieuw op te drijven, dus graag tot snel.

Eva en Annelore, onze band gaat terug tot aan de UGent waar drie uiteenlopende types het
toch zeer goed met elkaar konden vinden. Jullie zijn zorgzaam en attent maar ook zelfkritisch
en moedig en altijd op zoek naar nieuwe manieren om het beste uit jullie zelf te halen. Ik
bewonder jullie meer dan jullie misschien beseffen en ik hoop dat jullie nog lang
driekoningentaart willen eten met mij. Eva, ik wil ook zeggen hoe blij ik ben dat jij en Thomas
me kozen als meter van Brynn. Voor hem wil ik mijn modderlaarzen aandoen en als hij fan is
van kippen en kikkervisjes, dan ben ik dat met veel plezier ook.

Een gelijkaardige maar even grote dankbaarheid gaat uit naar Wouter en Jolien, die me de
allerbeste reden gaven om regelmatig naar Antwerpen te sporen. Wouter, bijna twintig jaar
geleden haalde je de pseudo-maffioso in me naar boven, iets later leerde je me Beasty Boys
strofes vanbuiten en vooral, al die tijd toonde je me hoe het leven te leiden in plaats van te
volgen. Ik denk nog even na over de levensles die ik in ruil wil meegeven aan Boris maar tot
die tijd stel ik voor dat hij me gewoon verder onderricht in zeldzame dieren en klassieke
componisten.

Jan-Jasper, waar en hoe onze vriendschap ooit echt is gestart, lijken we niet goed meer te
weten maar het typeert voor mij ook wel die vriendschap. Ze lijkt zich weinig aan te trekken
van omstandigheden en kan zich manifesteren in veel vormen, van wild tot vertrouwd. Merci
voor al die aspecten, voor het citroentaartje de laatste dag en voor de boeketten. Ik kijk uit
naar meer avonden aan het kleine tafeltje en middernachtmeetings en ik pleit voor een
terugkeer van de kir (royal) op zondag.

Ook mijn andere vrienden, waaronder Bertel, Mira, Natascha, Klaas, Miet, David, Evi, Alexis,
Sara, Sharon, Lies en Isabelle wil ik bedanken en wil ik graag opnieuw wat meer zien in de
toekomst.

En dan is er nog Caro die haar eigen hoofdstuk verdient binnen dit dankwoord. Caro, sinds
mijn eerste thesis supporter je met groot enthousiasme en dat heb je de afgelopen jaren echt
elke dag gedaan. Niemand anders vroeg met zo een constante interesse naar de voortgang
van mijn doctoraat en je had elke keer begrip wanneer ik nog een zoveelste artikeltje moest
lezen. Je kent ondertussen al mijn manieren van zijn, inclusief de minder flatterende, maar je
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lijkt geen enkele te veroordelen. Bedankt voor deze onvoorwaardelijkheid en voor de
eindeloze steun.

Ik wil ook graag mijn familie bedanken. Door jullie kijk ik uit naar Nieuwjaar en Kerstmis en
alle evenementen daartussen. Jullie zijn een groep levensgenieters en tussen alle lawaai door
vormen jullie een hecht netwerk waarvan ik heel graag deel uitmaak. Jonas en Sarah, jullie
bijzondere steun vergeet ik zeker niet. Evenmin vergeet ik de mensen die er niet meer zijn; ik
denk regelmatig aan hen en probeer te leven naar wat ze me onbewust leerden.

Tenslotte wil ik Kurt, Joris en Geertrui bedanken om als broers en zus mijn blik te verruimen
en de Lego te leren delen. Ook Karolien, Saartje en Marc bedank ik zeer graag voor hun
interesse en steun. Maudje, Florian, Juule en Niene, ik ben supergraag jullie tante en bak
binnenkort nog eens pannenkoeken.

In alles overtreffende trap wil ik mijn mama, papa en de Lu bedanken. Jullie hebben
gesupporterd en me gesteund en dat op alle mogelijke manieren maar vooral
onvoorwaardelijk. Ik wil jullie bedanken voor het vertrouwen, de hulp, de zorg evenals voor
het plezier en het lichte. Jullie hebben me alles geleerd en hebben me getoond hoe het leven
vooral moet worden geleefd. Merci.

Marlies
27 april 2020

We die so the others can be born
We age so the others can be young
The point of life is live

Love - if you can

Then pass it on

(K. Tempest)
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APPENDIX

This appendix provides an overview and summary of frequently referred to recommendations
on the disclosure of incidental and secondary findings in diagnostic, constitutional WES/WGS
in adults.

American College of Medical Genetics and Genomics, 2013

Green RC, Berg JS, Grody WW, Kalia SS, Korf BR, Martin CL, et al. ACMG recommendations for reporting of incidental findings in clinical exome

and genome sequencing. Genet Med. 2013;15(7):565-74.

In any case of diagnostic, constitutional WES/WGS (both in adults and in minors), laboratories
should actively and routinely screen for and report pathogenic and likely pathogenic variants
in a list of 56 genes that are associated with severe, highly penetrant and clinically actionable
monogenic conditions that may stay asymptomatic for a long time.
- Disclosure of opportunistic screening results (called incidental findings or IFs)
should not be limited by the age of the person being tested (since the IFs may have
important implications for family members).

A patient opt-out of opportunistic screening is not possible.
- If patients judge the risks of this opportunistic screening to outweigh the benefits
of testing, they should decline clinical sequencing.
- Opportunistic screening is in line with other domains in clinical medicine (e.g.
radiology).

The clinician should provide appropriate pre- and post-test counselling and medical follow-up.

The gene list is a minimum-list and is considered a starting point that may be modified over
time.

Issues on updating the interpretation of IFs, recontacting patients or ordering clinicians, data
ownership and access to raw data are explicitly beyond the scope of these recommendations.

Important changes in the ACMG 2015 recommendations

ACMG Board of Directors. ACMG policy statement: updated recommendations regarding analysis and reporting of secondary findings in

clinical genome-scale sequencing. Genet Med. 2015;17:68-9.

A terminological change is made from incidental findings (IFs) to secondary findings (SFs) to
indicate deliberately screened for and diagnostically unrelated findings.

It is still recommended to routinely screen for (likely) pathogenic variants in the list of 56
genes.
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Nevertheless, a patient opt-out of actively pursued SFs is possible.
- The decision to opt out should be made during the pre-test informed consent
procedure.
- A partial opt-out of SFs is not possible; an opt-out always applies to the entire list
of genes.
- Patients should be warned about the ramifications of opting out.

The list of genes that should be screened is a dynamic, ever-changing list that may be updated
frequently.

Important changes in the ACMG 2017 recommendations

Kalia SS, Adelman K, Bale SJ, Chung WK, Eng C, Evans JP, et al. Recommendations for reporting of secondary findings in clinical exome and
genome sequencing, 2016 update (ACMG SF v2.0): a policy statement of the American College of Medical Genetics and Genomics. G enet

Med. 2017;19(2):249-55.
The gene list concerning SFs is updated from 56 to 59 genes.
- Moreover, the inclusion in the list of pharmacogenomics genes will be considered

in future updates.

Association of Genetic Nurses and Counsellors (UK and Ireland), 2014

Middleton A, Patch C, Wiggins J, Barnes K, Crawford G, Benjamin C, et al. Position statement on opportunistic genomic screening from the

Association of Genetic Nurses and Counsellors (UK and Ireland). Eur J Hum Genet. 2014;22(8):955-6.

An active, opportunistic screening for diagnostically unrelated SFs cannot yet be considered a
routine action in general medical practice. However, if opportunistic genomic screening
should be implemented in practice, the following recommendations should be considered:

- Patients should always be able to consent to or opt out of opportunistic screening.
- In case of an opt-out, laboratories should not screen diagnostically unrelated
genes.

- Opportunistic screening should only apply to serious, life-threatening and
actionable conditions and the benefits of screening should outweigh the potential
harms.

Berg et al., 2011

Berg JS, Khoury MJ, Evans JP. Deploying whole genome sequencing in clinical practice and public health: Meeting the challenge one bin at a

time. Genet Med. 2011,;13(6):499-504.

IFs should be binned in different categories with specific return policies:
- Bin 1 contains (likely) pathogenic variants in clinically valid and actionable genes.
These results should always be returned to patients.
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- Bin 2 contains (likely) pathogenic variants in clinically valid but medically non-
actionable genes.
The disclosure of these results should be discussed by clinicians and patients during
the consent procedure.

- Bin 3 contains variants in genes with an unknown clinical validity and VUS IFs in
clinically valid genes.
These results should never be reported to patients.

Due to increasing experience and new scientific knowledge, this framework will be subject to
ongoing revision.
- The categorisation of more complex (non-Mendelian) diseases may require more
complex frameworks.

Canadian College of Medical Geneticists, 2015

Boycott K, Hartley T, Adam S, Bernier F, Chong K, Fernandez BA, et al. The clinical application of genome-wide sequencing for monogenic

diseases in Canada: Position Statement of the Canadian College of Medical Geneticists. ] Med Genet. 2015,52(7):431-7.

Atargeted approach, limited to the analysis of diagnostically relevant genes, is recommended.
- Hence, a minimisation of potential IFs is advocated.

Competent adults have a right not to know and should be able to opt out of IFs; this choice
should be made prior to testing.

An active pursuit of SFs is explicitly not endorsed.
The possibilities concerning IFs (which types of IFs may be discovered, which types of IFs will

not be reported, which types of IFs may be disclosed if the patient so chooses, etc.) should be
discussed during a pre-test written informed consent procedure.

European Society of Human Genetics and EuroGentest, 2013 and 2016

van El CG, Cornel MC, Borry P, Hastings RJ, Fellmann F, Hodgson SV, et al. Whole-genome sequencing in health care. Recommendations of
the European Society of Human Genetics. Eur J Hum Genet. 2013;21(6):580-4.
Matthijs G, Souche E, Alders M, Corveleyn A, Eck S, Feenstra |, et al. Guidelines for diagnostic next-generation sequencing. Eur J Hum Genet.

2016;24(1):2-5.

An initial targeted approach, limited to the analysis of diagnostically relevant genes, and a
justification of WES/WGS in terms of necessity and proportionality are recommended.
- Hence, the avoidance of identified IFs (called unsolicited findings) and SFs is
advocated.

Generally, patients should be able, like in every presymptomatic genetic test setting, to apply
and change their preference regarding the disclosure of results.
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- However, the right not to know IFs does not always outweigh professional
responsibility and the duties of beneficence and non-maleficence. When severe
and medically actionable IFs are identified that may be relevant for patients and/or
their (future) family, these results may be disclosed against a patient’s preference.

Clinical (genetic) centres should develop protocols on IFs and SFs, the reporting of these
findings and opt-in and opt-out possibilities, so the local policy is clear for a patient before the
test is initiated.
- Moreover, guidelines should be developed about informed consent, the disclosure
of IFs in case of minor testing, recontacting patients in case of new scientific
evidence and data storage.

Public Health Genetics Foundation

PHG Foundation, Hall A, Hallowell N, Zimmern R. Managing incidental and pertinent findings from WGS in the 100,000 Genomes Project.

2013. http://www.phgfoundation.org/documents/326_1369298828.pdf. Accessed June 2017.

In a clinical context and founded on professional responsibilities and the obligations of
beneficence and non-maleficence, it is the physician who will decide on the disclosure of IFs
rather than the individual patient.
- In some situations, respecting a patient’s wish not to know may be justifiable.
- However, when IFs reveal a life-threatening condition that is easily treatable, the
physician may be required to disclose this information and override patient
preferences.

Patients should be informed about the possibility and potential health impact of IFs and an
explicit informed consent for the disclosure of IFs should be obtained.

Presidential Commission for the Study of Bioethical Issues, 2013

Presidential Commission for the Study of Bioethical Issues. Anticipate and communicate: ethical management of incidental and secondary
findings in the clinical, research, and direct-to-consumer contexts. 2013.

http://bioethics.qov/sites/default/files/FINALAnticipateCommunicate PCSBI_0.pdf. Accessed June 2017.

A diversified terminology is suggested which contains primary findings, anticipatable IFs
(known to be associated with the test or procedure), unanticipatable IFs (not known to be
associated with the test or procedure), SFs (actively sought findings per expert
recommendation) and discovery findings (findings discovered by using a test or procedure
designed to detect a broad array of results).

A “therapeutic parsimony” - i.e. a selectivity in chosen tests or interventions — and a

“diagnostic elegance” - i.e. a limitation of potential diagnoses - are recommended.
- Hence, a minimisation of potential IFs is advocated.
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- An opportunistic screening for diagnostically unrelated SFs may hold additional
risks (health risks, emotional overwhelming, medicalisation, etc.) instead of an
actual improvement of care and is therefore not supported.

- Nevertheless, and grounded in their fiduciary duty, professionals should not filter
additional results exclusively in order to avoid responsibility.

Decisions on the disclosure and consequences of identified IFs should be made in
collaboration between the clinician and the patient.

- Howeuver, if severe, clinically significant and actionable IFs are identified while a
patient chose to opt out of IFs, then a “prudent professional judgment” should be
made about disclosure. In these cases, a patient’s choice should be respected to
the extent consistent with the clinician’s fiduciary duty.

Patients should be informed about the IFs and SFs that may arise from the conducted testing
and about the disclosure and management of these results, including which results will be
returned and which will not.

- Guidelines and best practices should be developed.

Vears et al., 2018

Vears D, Sénécal K, Clarke A, Jackson L, Laberge A, Lovrecic L, et al. Points to consider for laboratories reporting results from diagnostic

genomic sequencing. Eur J Hum Genet. 2018;26(1):36.

A targeted approach in the analysis of NGS-based data is recommended.
- Hence, it is supported to prevent the identification of IFs (called unsolicited
findings) as much as feasible.

Only clinically relevant IFs should be reported.
- However, actionability should not be considered a decisive criterion for reporting
pathogenically significant IFs.
- Alsothe reporting of (likely) pathogenic IFs with low or incomplete penetrance and
of IFs concerning a carrier status of recessive conditions is supported.

The right not to know is not absolute but a patient’s preference not to know IFs should
generally be respected.
- The opportunity for other family members to potentially benefit from the
identification of IFs is no sufficient reason to overrule a patient’s preference not to
know.

An active search for SFs is explicitly discouraged.

- If a laboratory actively screens for SFs, this should be performed after written
informed consent (with an explicit opt-in choice) and as a separate analysis.
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Pre-test informed consent procedures should include adequate genetic counselling in which
the types of potentially identified IFs are explained.
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