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Preface

This report is the result of a generous funding grant from the New Zealand Law
Foundation. It is also a legacy of a previous three-year multidisciplinary research project
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implications of new genetic technologies for society: Human Genome Research Project,
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We would like to thank the Law Foundation, and in particular, Executive Director Lynda
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We would also like to acknowledge Josephine Johnston, Research Director of the
Hasting Centre New York, who visited and discussed some of these issues with us in the
early stages of the project. While we are grateful for their interest and engagement in
aspects of this report, the analysis and conclusions contained in it (including any errors)
are those of the authors.



The rationale and scope of the project

The initial purpose of this project was to review genomic advances, and to consider what
the future of “selective reproduction” might look like as a result of those developments.
However, it became clear in the early stages of our research that, given the increasing
incidence of genomic testing across the lifespan and the myriad issues it raises, this
would require a much broader analysis of the genomics literature.

The transformation of the field of genetics and genomics is largely driven by the
prospect, or at least promise, of precision medicine with the approach to investigating
the genetic basis of disease evolving significantly in recent times:'

The genetics field has changed perhaps more than any other scientific discipline
over the past two decades. This transformation has been focused not only on
methodology, but also on a more fundamental shift in the way gene hunting is
executed. Traditionally a highly competitive field, gene hunting has evolved into a
collaborative endeavor in which consortia and open data sharing are central tenets.

Over the past decade and a half] traditional “genetic” research has transitioned to
“genomic” research. While the former is concerned with scrutinising single genes, the
latter scrutinises all of the genes in a human genome. Genomics in turn has undergone
transformations in terms of the methods used to identify disease-associated gene
variants. It has progressed from utilising linkage studies;” to positional sequencing;® to
genome-wide association studies;* to family-based next-generation sequencing; and
finally, to exome sequencing in large case-control cohorts.” This most recent method
involves comparing the genomes of large groups of people affected by a particular
condition with the genomes of healthy individuals, to identify the specific gene variants
involved in the development of disease.”

Significant resources have also been deployed internationally. The Human Variome
Project is an international non-governmental organisation linked with the United
Nations Educational, Scientific and Cultural Organisation (UNESCO), which was
founded in 2010. Its mission is to “ensure that all information on genetic variation

and its effect on human health can be collected, curated, interpreted and shared freely
and openly”.” In 2012 the United Kingdom announced its “10,000 genomes” project
(UK10K) with funding from the Wellcome Trust. The aim of UK10K is to sequence
the genomes of 10,000 NHS patients over 3-5 years. This research is focused on patients
(and their families) who are undergoing treatment for rare disorders, cancer, and
infectious diseases.® Genomics England (a Department of Health-owned company) was
established in 2013. It aims to sequence 100,000 whole genomes of patients and their
families with rare diseases or common cancers by 2017.° Other international projects are
providing access to control and population sequence data that is necessary to conduct
disease research. The United States National Institute of Health (NIH)-funded Clinical



Genome Resource (ClinGen) consortium has also been launched to “systematically sift
the genetic evidence and create reliable databases of the genes and genetic variants
underlying disease”.'” At the heart of all of these initiatives is identifying the genetic
contributors to disease, so that diagnosis and treatments may be developed in the future.

Consequently, the primary question addressed in this research project is what does this
new landscape mean for genetic testing and research in general, but particularly in

the context of reproduction. Specifically, it questions what issues patients, clinicians,
and policy makers are currently navigating, or likely to navigate, in the near future.

To answer this question this report reviews the international literature regarding issues
raised by clinical and genomic research in general, as well as genomic testing in the
paediatric and reproductive context.

The report is set out in two parts. Part I considers genomic testing in the general
population, and considers the paediatric population separately, while Part II specifically
focuses on the reproductive realm. Chapter 1 provides a brief outline of the relevant
science and various genetic/genomic tests, before examining a significant issue associated
with the introduction of whole genome sequencing, which is the discovery of incidental
findings. Chapter 2 outlines the development of genetic and genomic testing in the
paediatric context and reviews the social science literature regarding the clinical and
ethical implications of genetic testing for children and parents. Chapter 3 canvasses the
clinical, ethical and legal implications of the rapidly developing technology of non-
invasive prenatal testing (NIPT), while Chapters 4 and 5 consider developing genomic
tests in invasive prenatal diagnosis, and in the preimplantation, context respectively.



Executive summary

CHAPTER

Whole Genome Sequencing (WGS) involves sequencing an individual’s entire genetic
code. The associated ethical and legal challenges arise from the sheer enormity and
variability of the information that it provides. A particular issue concerns how to
manage incidental findings (IF) that are generated by WGS. IF are findings that may,

or may not, be potentially clinically significant, but are not pertinent to the primary
diagnostic or research goal. This triggers significant issues such as determining the
necessary scope of informed consent prior to undergoing testing or research; how to
classify some IF; whether IF should be returned to individuals, and if so what kinds of
IF should be returned; whether individuals undergoing genomic testing are obliged to
receive the results of certain IF; whether there is a duty to follow-up individuals who
have undergone testing as new gene-disease associations are subsequently made; as

well as generic issues associated with managing large-scale genomic information. While
clinical testing is governed by the general medico-legal framework in New Zealand, there
is no explicit policy regarding the management of IF discovered in the course of clinical
genomics or research. Further, research may often be conducted in a clinical context,
which blurs traditional lines between treatment and research.

Internationally, there is a lack of agreement regarding the management and return

of clinically relevant IF following genomic testing, including genomic and biobank
rescarch.!! The various ways in which professional and national bodies have addressed
these challenges are illustrated in tables provided in the Appendices to this report. This
chapter concludes that physicians have a duty of care to inform patients in the context
of clinical genomics regarding the potential for IF. This requires establishing criteria to
categorize results, explaining the implications of the various categories in advance, and
acting in accordance with the patient’s preferences regarding disclosure in the case of
clinically significant IF. This duty is grounded in the Code of Rights in the clinical context,
or when a study involves a clinician-researcher, and could also apply in the case of some
pure research.

While there is no clear legal requirement to return clinically significant IF to genomics
research participants, there are strong ethical arguments in favour of doing so. These
arguments support a presumption that investigators routinely consider instituting a
process for managing incidental findings if they have the capacity and it does not impose
an unreasonable burden on the researcher or the research project. This presumptive
obligation is also subject to certain additional requirements to protect the interests of the
individual participant. This includes validation of a test result before it is returned if the
original test was conducted in a research laboratory, that consent to disclosure of I has
been obtained from the participant when they consented to the research, and that there is
a mechanism to ensure the disclosure of genetic results is by a suitably qualified person.
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This conclusion means that clinicians and researchers have a duty to consider how IF
will be managed prior to undertaking clinical testing, or when formulating a research
protocol. It requires clinicians and researchers to inform participants in advance of
the potential for IF, the implications of receiving an IF including the familial nature
of the information and that other family members may share the same gene variant,
the implications of a definitive result for insurance,'? and to ascertain the participant’s
preferences regarding return of information. In the context of research where IF are
to be returned, investigators need to clearly determine and communicate the criteria
governing what results will, and will not, be reported. A process for validating test
results generated in a research laboratory is necessary, as well as determining who has
responsibility for disclosing information to participants.

This approach is generally supported by the current research governance framework

in New Zealand. These policies clearly endorse the concept of researchers assuming
significant obligations in regard to research subjects, which may be directly extrapolated
to the genomic research context. However, the boundaries of this obligation are not
explicit, and obligations may need to be tailored to specific research studies.

Given the emerging ethical consensus that IIF should be returned not only in the clinical
but also in the research context, there is a need to determine when, how and what to
return to patients and participants. Achieving this requires “anticipatory governance
and interoperable policies, as well as sound management to ensure that the resources,
both financial and professional, are in place to undertake such a task.”"® Ultimately
formulating clear and transparent guidelines governing the management of IF that reflect
New Zealand’s unique cultural and medico-legal context is warranted.'*

CHAPTER

Chapter 2 considers the implications of new genomic technologies in the paediatric
context. Although genetic diseases are individually rare, in aggregate they are common
in paediatrics. More than 10% of paediatric hospitalisations involve a child with a
genetic condition, and genetic disease represents a major cause of morbidity and
mortality in childhood.” Guidelines and policies generally support diagnostic testing
in children with clinical features suggestive of a genetic disorder, and predictive testing
for conditions with childhood onset. However, an enduring concern of traditional
genetic testing, or even newborn screening, has been safeguarding children’s interests,
particularly when it involves predictive testing for later-onset conditions (predictive
testing) and/or when it can result in uncertainty regarding future health.

Despite a paucity of psychosocial data, concerns regarding the potential for psychosocial
harm have driven the generally precautionary approach adopted to paediatric genetic
testing outside the traditional diagnostic realm.'® However, over the years empirical work
in this context has demonstrated that receiving genetic test results in childhood rarely
leads to a significant adverse impact on children’s psychosocial wellbeing, and in some
cases can be beneficial.'” Although this evidence base remains relatively small, and is



complicated by methodological inconsistencies, it paves the way for further research
aimed at improving our understanding of how children and their families respond to
newer approaches to molecular genetic testing'®

There has been a rapid diffusion of advanced genetic technologies in paediatrics.
Chromosomal microarray analysis (CMA) has been widely used to diagnose
developmental conditions and other disorders such as autism. Next generation
sequencing (NGS) is currently being developed, and implemented, as a diagnostic tool."
As technology has evolved, many novel genes associated with disease have been identified
and many children and their families have benefitted. Increasingly sophisticated tests are
now capable of providing a comprehensive analysis of an individual’s genome, providing
a far greater range of information.”” Although there is no question that new genomic
tests provide a powerful way to determine the causes of rare conditions and syndromes
in the paediatric population, these technologies differ significantly from the older types
of genetic testing.

New genomic technologies create tensions between generating a comprehensive analysis
of a child’s genome to enable the diagnosis of often rare conditions, while limiting

the potential problems that may be created by the wealth of data generated.?' Again,
key policy issues include what genetic variants are tested for in a particular context,
how to approach informed consent, and how any IF and unclassified variants should
be managed post testing. Some professional guidelines recommend targeted gene
panels for diagnostic tests where possible to limit the likelihood of detecting additional
incidental information, or in the case of genome-scale sequencing recommend
restricting subsequent analysis to a limited set of genes.” In contrast, whole genome or
exome sequencing has the advantage of casting a much wider net, and provides greater
information that may assist in a difficult diagnosis.

There 1s a lack of data concerning the psychosocial implications for a child who
undergoes genomic testing in this new era. However, it is possible to extrapolate from
past experiences in Newborn Screening (NBS) and paediatric CMA. This literature
suggests that in the short term, parents’ emotional and psychological reactions to
uncertain or ambiguous results vary considerably and can range between relief, a change
in self-concept, and/or empowerment.” In the context of more advanced tests, some
preliminary research suggests that professional concerns regarding information inducing
anxiety outweighed the concerns of parents, with indications that some parents prefer to
determine what results are reported themselves.?* Overall, it is likely that the psychosocial
impacts will vary depending on the individual’s character or socio-economic situation.
That is, harms may be greater for individuals who are predisposed to anxiety or worry,
or for those who lack access to certain resources such as money, insurance coverage,
access to counselling or other services. Ultimately formulating ethically defensible policy
in the new genomic era requires clarity regarding the principles that should inform it,
particularly in regard to the welfare of the child.

12



In recent times, there has been a shift in the way that traditional principles have been
interpreted, as well as an evolution of paediatric bioethical concepts more generally.
Traditionally, the concept underpinning childhood genetic testing and population
screening of newborns has been the best interests of the child. Initially these interests
were construed in narrow medical terms, such that the focus of NBS was preventing
the devastating harm related to late diagnosis of conditions such as phenylketonuria.
Similarly, in traditional genetic testing the pervasive view of the child’s “best interests”
was that testing was only justifiable if it was likely to confer direct medical benefit
during childhood. Over the years a much broader conception of benefit has now
evolved in NBS with developmental, social and psychological benefits, as well as indirect
benefits to families and society widely considered to be relevant. These include not only
medical benefits that accrue directly to the infant, but also developmental, social and
psychological benefits that may arise from early disease detection, and indirect benefits
to families and society. > Although still debated, some of the more recent guidelines
governing paediatric genetic testing reflect broader considerations that may legitimately
inform testing decisions, such as the potential for better psychosocial adjustment to
disease risk, and avoidance of the so-called “diagnostic odyssey”.

These conceptual shifts are mirrored by the evolution of ethical concepts within
paediatric bioethics more generally, where there has been a move away from an
individualistic “best interests” standard in paediatric bioethics, towards models that place
greater emphasis on parental/familial autonomy. This autonomy is typically constrained
only if a child is likely to be harmed as a result of the parents’ decision. These evolving
ethical concepts have far reaching implications that continue to be debated, but provide
an important conceptual backdrop to inform robust and responsive policy and practice
as genomics advances. Specifically, this may mean actively considering a greater focus

on shared decision-making with parents, an enhanced role and recognition of parental
autonomy, and a broader account of children’s interests.

This chapter concludes that implementing new molecular approaches requires
consideration of how the more “evolved” ethical concepts operate within the current
environment of clinical paediatrics. Further, that families’” perspectives on all aspects of
genetic testing of children will be critically important, but it is likely to necessitate a system
that can be tailored to the needs of many different families in different contexts. Ultimately
advances in genomic technology may have made consensus on a single preferable course
of action regarding genetic testing of children more elusive.® As genetics professionals
attempt to tailor approaches to supporting families in comprehending and processing
increasingly complex genomic results, their efforts will need to be informed not only by
consideration of the key ethical concepts, but also by data detailing the lived experiences of
parents and children with regard to genomic technology.?’



CHAPTER

This chapter outlines the technical, ethical and legal issues associated with the rapidly
evolving technology, Non-invasive Prenatal Testing (NIPT). NIPT is considered by many
to be a “disruptive” technology, not only because it radically alters established methods
of prenatal screening, but also because it has not followed the usual path to clinical
introduction, instead it has been commercially developed and aggressively marketed to
pregnant women.

NIPT involves analyzing a maternal blood sample to screen for fetal chromosomal
abnormalities by isolating and analyzing cell-free foetal DNA. NIPT may be performed
at 10 weeks’ gestation, or potentially even earlier.”® At present, NIPT is mostly restricted
to analysing specific chromosomes for several common trisomies (specifically trisomies
21, 18 and 13), rather than facilitating generalised or untargeted screening.”” Compared
with traditional screening performed in the first and/or second semester of pregnancy,
NIPT has greater capacity to detect these common trisomies if they are present
(sensitivity), and to exclude them if not (specificity).”® While false positive results still
occur, the incidence of these compares extremely favourably with conventional screening
(1% cf 5%). As a direct result, NIPT is capable of reducing the number of unnecessary
invasive procedures such as amniocentesis following false positive screening results, and
also reduces the associated risk of miscarriage.

However, commercial companies are steadily expanding the range of tests that are
available on NIPT panels, some of which include screening for additional trisomies, sex
chromosome abnormalities, and microdeletion/duplication syndromes associated with
rare disorders. This expansion has often preceded scientific and clinical validation of
such tests, and the predictive value of a test may vary greatly. A positive result for a less
common condition is likely to have lower predictive value, i.e. a higher chance of being
erroneous. As more tests are validated, the range of conditions for which NIPT may

be used will expand exponentially, but not all of the tests will have well established, or
significant, predictive value.

While prenatal screening is not a new phenomenon, NIPT clearly has novel aspects: it
is non-invasive and does not pose any physical risk to an established pregnancy; it may
be performed earlier in the first trimester than invasive testing such as amniocentesis; it
potentially provides expanded screening options for women; and it is available privately
in NZ with tests provided by off-shore companies.

Given its potential scope, NIPT has reignited debates involving prenatal testing in
general, as well as concerns such as: eugenics; the appropriate scope of parental
information and choice regarding future offspring; the implications of new technology
for women and the experience of pregnancy; the potential for routinization of expanded
screening, the implications for fetal life and termination of pregnancy; as well as
disability rights arguments, all of which are discussed in this chapter.’’ This analysis
cautiously concludes that, given the concept of screening is to facilitate reproductive
choice and/or enable early post-natal intervention once a child is born, and provided

a screening test has been proven to be reliable and accurate, there would need to be
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good reason to limit private access to expanded NIPT. However, this is subject to
acknowledging the technical limitations of NIPT, as well as concern regarding the
validity and predictive value of some tests currently available commercially. It also
requires an adequate infrastructure and provider knowledge to ensure a sufficient
standard of care for women accessing NIPT, and to reduce the risk of harm associated
with misunderstanding test results.

Significantly, NIPTs rapid integration into clinical care preceded the formulation of
robust clinical guidelines for maternity providers or education. Evidence internationally
suggests that many health care providers who refer patients for NIPT do not have
sufficient understanding of genetics or the limits of NIP'T; which may result in providers
and women misunderstanding test results, with harmful consequences. This chapter
outlines policy and oversight recommendations for the current provision of NIPT in NZ.

As evidence mounts regarding NIPT’s superior capacity to detect common trisomies,
particularly but not solely in higher risk obstetric groups, this chapter concludes that
maternity care providers have a duty of care to inform women about the availability
of NIPT. However, this also requires that patients are adequately informed of the

risks, benefits and limitations of NIPT; in particular that it is a screening rather than

a diagnostic test, it does not detect all fetal anomalies, and ultrasonography is still
indicated for comprehensive screening. This duty of care extends to ensuring that test
results are appropriately interpreted and communicated to women. Given that many
of the test requisition forms permit a provider/patient to “opt in” or “opt out” of
expanded screening it is imperative that providers have sufficient genetic literacy to
provide adequate patient counselling regarding these additional screening tests. A related
concern is that NIPT essentially outsources testing from genetics services. However, the
importance of having access to skilled genetic counsellors if a “high chance” result is
received is reinforced in research that indicates the quality of post-test counseling has a
significant impact on a woman’s subsequent reproductive decision making.

Nevertheless, there is a considerable distinction between operationalising a population-
based screening service, and individuals accessing the technology privately.*? An issue
yet to be determined is how NIPT might be incorporated into NZ’s public screening
service, which attracts different considerations from private NIPT. While publicly funded
population screening is subject to specific screening criteria and resource constraints,

the same is not the case with individuals who access tests privately, and who may weigh
the associated trade-offs differently. Of the possible models reviewed in this chapter, it is
concluded that a 3-tiered model has the greatest merit in a public system.

Ultimately the underlying question in this new era is determining what information
women want from prenatal screening, and how they balance the risks and benefits of
expanded screening, a question that will not be answered universally given that women
(and their partners) are not a homogenous group. Hence a specific issue for NIPT is
whether the information derived from testing is considered by a woman to be subjectively
useful or valuable, given the continually expanding scope of commercial NIPT.



NIPT has an enormous trajectory. It could theoretically, in the future, be used to analyse
an entire foetal genome. However, it is likely that an intermediate phase of NIPT will
see it become the equivalent of current chromosomal microarray testing that has been
introduced in the context of invasive prenatal diagnosis. Consequently this provides an
indicator of the types of challenges that may arise if similar testing becomes possible
using NIPT, and is considered in detail in chapter 4.

CHAPTER

This chapter examines the introduction of chromosomal microarray (CMA) technology
into prenatal medicine. CMA, which is a diagnostic test performed following invasive
testing such as amniocentesis or chorionic villus testing, enables more extensive
chromosomal testing at much higher resolution than traditional tests. CMA may be
used to perform targeted or untargeted testing, and is capable of detecting missing or
additional whole chromosomes, as well as variation in chromosomal segments, called
Copy Number Variants (CNV), which may alter gene function.

CMA identifies a range of conditions, including conditions that may be of variable
severity, may be early- or late-onset, and some conditions that may only have a statistical
likelihood of actually occurring, rather than a certainty. Some findings may be associated
with physical, cognitive, or psychiatric conditions.

A review of the international literature suggests that a particularly challenging

aspect of prenatal CMA is the identification of CNVs that are associated with
neurodevelopmental disorders. Neurodevelopmental or neurocognitive disorders
encompass conditions such as mild intellectual disability, developmental delay, autism
spectrum disorders, speech and learning problems, epilepsy, and schizophrenia.®

Although the use of CMA was initially limited to cases where there were specific
concerns regarding fetal health, its integration into prenatal medicine is increasing
The international literature reflects a distinct shift from the traditional paradigm,
where invasive testing was generally only indicated after an anomalous screening
result, or in the case of advanced maternal age toward broader testing in the absence
of specific indicators of risk. This literature suggests that, when given the opportunity,
many prospective parents elect to undertake more expansive invasive prenatal testing,
particularly if there are elevated risks associated with a particular pregnancy or fetal
abnormalities identified on ultrasound.** However, there is also evidence that some
information may be overwhelming and challenging for some prospective parents.

Historically, research indicates that prospective parents can experience a range of
emotions following prenatal diagnosis of a fetal anomaly, such as anxiety, grief,
hopelessness, guilt and anger.” The distress experienced may be influenced by the
gestational age when the finding is made, the severity of the anomaly (actual or
potential), and uncertainty regarding the diagnosis and/or prognosis.*® Prospective
parents may face decisional conflict, between continuing a wanted pregnancy and
concerns regarding the potential quality of life of a child with additional and potentially
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complex needs.”” In the CMA era, this may be further complicated by the uncertainty
assoclated with some findings.

Some evidence suggests that prospective parents may value information not only when

it would be determinative of a decision to carry a pregnancy, but also when it may have
implications for a future child’s health or well-being. Several studies have reported that
prospective parents prefer to be able to choose to receive information regarding a potential
genetic anomaly or susceptibility identified in a fetus, which may reflect greater general
acceptance of the ubiquity of genetic vulnerability, and a willingness to know more, rather
than less, for multiple reasons. Others caution that ‘unfiltered’ prenatal information may
create intense parental anxiety and potentially alter the parent-child dynamic.*® Ultimately,
a common claim in the clinical reports of CMA is that the factors having greatest influence
on a woman'’s decision whether to continue a pregnancy are not CMA results, but a
combination of the gestational age when a diagnosis is made, the severity of the anomaly
(actual or potential) and the presence of ultrasound abnormalities.

There are several themes apparent in the international literature on CMA. The first is
the assumption often made by prospective parents and clinicians that more information
is better than less. Some women may elect additional testing on the assumption that

it provides greater control over a pregnancy, or that ‘knowledge is power’. While this
assumption may be true of testing that provides definitive diagnoses, the severity of
some conditions may differ significantly amongst individuals, and clinicians may not be
able to predict where the future child may fall on that spectrum. Further, the potential
genomic variants detected can include predispositions to complex disorders—when there
is no certainty that a condition will develop in the future individual. The reality is that
prenatal genomic testing may not provide certainty and, contrary to assumptions, may
be anathema to any sense of “control” given potentially ambiguous results. Although
prospective parents will engage with, and experience risk and uncertainty differently, it is
likely that it will be challenging for many.

Although there is no consensus regarding how, or when, prenatal CMA should be
implemented or the kinds of arrays used, two broad approaches are apparent in the
international literature. One approach adopts a parental choice model, where women
can choose the extent of information that is reported following CMA. Consequently,
consent may be limited to disclosure of findings in specified categories that are discussed
during the informed consent process: e.g. disclosure may be restricted to findings that are
relevant to the abnormality under investigation; or may include findings that may lead to
health effects in childhood; or may include findings that may lead to health effects later
in life; and lastly prospective parents may choose to receive findings that may be relevant
for their own health or reproductive interests.

An alternative approach that is squarely based on the concept of clinical “actionability”
involves a mandatory return model, where clinicians predetermine a test platform and
return all clinically significant pathogenic results, including both early- and late-onset
conditions, with no option for parental choice. On this account, a condition is actionable
if it may be improved by preventive measures or early treatment. This essentially
constitutes mandatory screening for actionable conditions, directly importing a public
health screening model into prenatal medicine.



This analysis suggests that one of the major risks in this context is to make unjustified
assumptions about what women want to know regarding a pregnancy, and the danger
of adopting a one-size-fits all approach. It suggests that there are good ethical and policy
reasons why women should have a choice regarding the categories of results returned

to them following expanded screening and diagnosis. This could be facilitated by a
negotiated agreement that moderates the return of results, but enables revisiting tests at
a later stage if there are subsequent concerns regarding a child’s health or development.
This approach presupposes an account of pre-parental autonomy that aids the exercise
of genuine choice by being provided with good, understandable information, and

the opportunity to discuss issues as needed with an adequately trained practitioner.*
Developing adequate clinical capacity to address these kinds of issues is likely to become
a priority for maternal and fetal health services, given the likely trajectory of technology.
It is possible that, in the future, the current capacity of prenatal CMA will be replicated
in NIPT, transforming it from a screening to a diagnostic test. This could significantly
increase the number of women receiving additional genetic information, should they
choose to access expanded non-invasive prenatal diagnosis.

CHAPTER

Preimplantation Genetic Diagnosis (PGD), which identifies deleterious mutations in
an embryo created using in vitro fertilisation (IVF), was developed so that couples
with a known risk of transmitting a serious genetic disorder to their offspring could
avoid doing so. While PGD identifies a single gene mutation in an embryo, its lesser
known counterpart, Preimplantation Genetic Screening (PGS), may be used to
identify chromosomal abnormalities (aneuploidy) in an embryo. Because chromosomal
anecuploidy is established to be associated with implantation failure or spontancous
miscarriage, and is also known to increase with advanced maternal age, PGS was
developed on the theory that in these circumstances, selecting chromosomally normal
(euploid) embryos would increase the likelihood of successfully conceiving and
carrying a pregnancy to term. PGS, which was introduced clinically before rigorous
studies established its efficacy, has been controversial, with scant evidence that it
actually increases the ‘take home baby rate’, and evidence that it may actually reduce
it. However, developments in testing techniques, as well as advances in IVF and
embryology, promise to alter the nature of PGD and PGS in the future.

The convergence of several technological advances has steadily expanded the scope of
PGD, and has also seen the emergence of “PGS-version 2”. These advances include
changes in embryo biopsy techniques, developments in embryology, as well as ever-
increasing sensitivity and capacity of tests.

PGD is performed in the case of known risk and is targeted to a particular gene. Newer
testing techniques involving a range of Next Generation Sequencing (NGS) methods
enable simultaneous testing for a number of different gene sequences, with less risk of
misdiagnosis. While traditional PGS is limited and only examines around half of the
full complement of chromosomes, newer methods enable broad testing across all 24
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chromosomes (22 pairs and two sex chromosomes). The international literature indicates
that it is now possible to perform comprehensive embryo screening, either in conjunction
with PGD to diagnose a known genetic condition, or as a stand-alone procedure in an
attempt to improve IVF success.

Depending on the method used, it is now theoretically possible to obtain a complex set
of genetic diagnoses following PGD and/or PGS. In particular, some new methods of
PGS will provide not only information regarding aneuploidy that may be relevant to

the success or failure of implantation or the risk of miscarriage, it may also provide a
range of health-related information. As in other contexts, the type of health information
derived from these high resolution NGS methods will vary significantly, and may include
information regarding susceptibility to early- and late-onset conditions, as well as
variants of uncertain significance.

Although still not definitive, some recent international studies involving the latest testing
methodologies suggest that PGS-version 2 is associated with better pregnancy outcomes
than ordinary IVE If current international clinical trials confirm that PGS-version 2
increases implantation rates compared to standard approaches to assessing embryo
quality, it is foreseeable that there will be a professional incentive to provide it, and a
public demand to access PGS as an adjunct to PGD, but also in routine IVFE. This would
signal a move away from recommending PGS based on a predetermined risk threshold,
to providing it as an option for all women undergoing IVE if they are prepared to accept
invasive embryo biopsy and the associated cost.

However, it remains unclear whether PGS-version 2 improves IVF outcomes, and debate
whether it is good practice to provide it to good prognosis IVF patients. Further, some

of the most recent high resolution NGS tests implemented overseas have brought to
light the complex features of early embryo development, which makes a binary transfer
decision in some instances more difficult.

Indeed, the latest technology has resulted in the emergence of a new category of
embryo, the “mosaic” embryo. Mosaic embryos contain a mix of cells, some of which
are chromosomally normal, and some that are not. Newer tests indicate that mosaicism
occurs at higher rates than previously thought. Because they have an uncertain
prognostic outcome, ranging from no effect on a future fetus who will likely be born
healthy, to causing fetal demise if the embryo is implanted or, if successfully carried to
term may cause illness or impairment in a future child, mosaic embryos currently occupy
a “middle ground” in terms of transferability. Consequently, proponents of what is
referred to as “high resolution” PGS version 2 now characterise it as a tool for “ranking”
embryos on the premise that it will expedite the IVF process and reduce the chance of
miscarriage, rather than selecting chromosomally normal embryos.

Early reports from overseas clinics that have introduced this technology report that
some women who undergo such higher resolution NGS testing and find that all of their
embryos are mosaic face difficult and complex decisions regarding embryo transfer,
and may experience ongoing anxiety regarding fetal health when such embryos are
transferred. The psychological and emotional toll on prospective parents who receive



ambiguous mosaic results cannot be underestimated, and it is likely to significantly
impact the experience of pregnancy and childbirth. The emerging literature suggests
that, when informed of the possibilities of mosaic results, some patients elect not to
pursue PGS. The invasiveness and expense, in conjunction with the possibility of
uncertain results and the burdens of decision-making may reduce the appeal of PGS.
Ultimately, whether newer PGS technology improves IVF outcomes by enabling better
selection or ranking of embryos is yet to be confirmed in clinical trials, and the effect on
women’s experiences of conception, pregnancy and birth are yet to be explored.

Ultimately, broad scope preimplantation testing combining PGD and PGS is not a
panacea. Recent evidence suggests that some healthy individuals may carry single gene
mutations that are annotated as disease-causing, which militates against opportunistically
screening for single gene disorders. Further, some of the information derived from
expanding PGS will be difficult to interpret clinically, particularly at the embryonic

stage where there is no fetal ultrasound to assist in identifying potential physical effects
of certain mutations and chromosomal variations. As discussed in chapter 4, the

clinical significance of susceptibility loci (CNVs) associated with neurodevelopmental
and neuropsychiatric conditions is also both highly variable and uncertain. Another
significant factor is that although there is emerging evidence that PGS-version 2

using high resolution microarrays and NGS for aneuploidy may improve IVE success
rates, randomized clinical trials are yet to provide definitive evidence that it improves
outcomes. If it does improve outcomes, this must be balanced against the invasiveness of
biopsy, the associated cost, and the implications of additional information derived by the
different combinations of possible technologies.

Ultimately the main themes to emerge from this literature review involve issues of the
accuracy and reliability of tests, how the increasing information that expanded testing
will provide may be experienced by women and their partners, and how it is best
managed by professionals and policymakers, as well as conceptions of reproductive
responsibility and the appropriate scope of parental liberty.

There is some irony regarding the two broad themes associated with expanded genomics.
On one hand, there is concern that, in some instances, parents may want to know too
little about a future child’s health, and that genetic/parental responsibility presupposes
obtaining health-related information. However, much of the additional information

that may be derived at the embryonic stage is shrouded in uncertainty, is likely to cause
anxiety regarding future fetal health, and may make pregnancies even more tentative
than in the past. On the other hand, there is concern that prospective parents might
want to know too much about a future child, particularly when it concerns non-health-
related traits which is generally thought to be contrary to acting “parentally”. Ultimately,
the literature reviewed indicates that most prospective parents who elect such testing are
generally seeking assurance that their baby will be ‘healthy enough’, rather than seeking
a perfect, made-to-order, baby.

Ultimately, the new reproductive future creates additional, and complex challenges for
women who choose to access them, clinicians who provide them, and policy makers
responsible for their oversight.
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There is as yet no established international policy governing preimplantation NGS
testing methods, which trigger a complex range of clinical, ethical and legal issues.
However, the United Kingdom Human Fertilisation and Embryology Authority (HIFEA)
has recently reviewed its policy given these developments. The HFEA, drawing on
guidelines for genomic testing in the wider context, have established a constrained
parental choice model. Prospective parents who undertake counselling can receive a
range of information, but may also opt for non-disclosure of certain results. In this

case, clinics may withhold test results if the patient has been given the opportunity to
receive genetic counseling regarding the implications and clinics establish protocols to
limit, as far as possible, the risk of unwanted disclosure to the patients. However, the UK
statutory framework also imposes restrictions on transferring an embryo known to carry
an abnormality that poses a significant risk of a serious physical or mental disability

or illness. When making transfer decisions, current policy provides that clinicians must
have regard to the welfare of the resulting child, and should normally obtain clinical
ethics committee approval. In this way, the statutory framework and associated Human
Fertilisation and Embryology Authority Code of Practice imposes a “gatekeeper” role on
third parties, who have ultimate control over a woman’s possible conception.

Ultimately the increasing technologisation and medicalisation of assisted reproduction
as a result of expanded testing is likely to not only affect reproductive outcomes, but will
directly impact future women’s experience of conception and pregnancy. The major
issue triggered by all of these technologies is how, and if, they should be integrated into
clinical practice in New Zealand. It is hoped that the research and findings in this report
provide a starting point to consider the way forward.
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PART @)

Chapter One

Whole genome sequencing: managing incidental findings

Introduction

Although the human genome was first sequenced in 2003, understanding its entire
complexity in order to harness its potential to transform the way we understand, prevent
and treat disease has not yet been fully realised. However, developments in the last
decade and a half, primarily advances in testing technology and the transition from
genetics to large-scale genomics research, herald a new era in the history of genetics.

Some genomics enthusiasts consider that Whole Genome Sequencing (WGS), which
involves sequencing an individual’s entire genetic code, promises to radically change our
approach to human health and medicine—while others are much more cautious in their
predictions." Nevertheless the last few years has seen the emergence of a plethora of
multinational genetics consortia that are all seeking to identify new, or confirm existing,

gene-disease associations. This flurry of activity on the genomics frontier has fuelled
on-going ethical and legal debate regarding the performance of genomics research in
general, as well as its translation into the clinical context.

While issues in genetics are certainly not new, the more novel ethical and legal challenges
associated with WGS arise from the sheer enormity and variability of the information

it provides. The challenges surrounding genomic tests raise important issues regarding
the appropriate scope of informed consent prior to participation in genomic research or
when undergoing clinical testing; the necessary scope of disclosure of results post-testing
(if any); whether or not there is a duty to follow-up individuals who have undergone
testing as new gene-disease associations are subsequently made; as well as issues
associated with managing large-scale genomic information.

As much of the controversy associated with WGS relates to the types of findings that
may be discovered, this section provides an overview of the basic genetics, which is also
relevant to the subsequent chapters on paediatric and prenatal testing. The various
types of human genetic variation that contribute to human differences and disease are
outlined, as well as the kinds of information genetic testing may reveal regarding an
individual’s genetic status. In particular, it focuses on the nature of information that may
be gleaned from the most recent developments in genetic testing, WGS. It also considers
an important aspect of the debate regarding WGS—which is the relevance (if any)

of the distinction usually made between testing that is performed in the clinical realm
versus the research context. It concludes by examining the range of arguments that
have been made regarding clinicians and researchers obligations in relation to obtaining
consent and subsequent disclosure of findings to patients and research participants.
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This analysis highlights the lack of consensus across jurisdictions regarding the
management of incidental findings in clinical testing and research, and identifies the
potential legal and ethical obligations that may arise in this context.

Introduction to the science of human genetic variation

The “human genome” is made up of 23 chromosome pairs, consisting of more than 3
billion DNA base pairs. It contains all the information needed to build and maintain our
bodies. A copy of the entire genome (including all of our genes) is contained within all
cells that have a nucleus."!

Figure 1: the human genome
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A gene mutation is a permanent alteration in the DNA sequence that makes up a
gene, meaning the sequence differs from the norm. Mutations range in size; they can
affect anywhere from a single DNA building block (base pair) to a large segment of a
chromosome that includes multiple genes.*

Events contributing to genomic variation can broadly be divided into three main
categories: single-base-pair changes (or point mutations) that disturb the “normal” DNA
nucleotide sequence; insertions and deletions of larger numbers of nucleotides in the
DNA; and structural rearrangements that reshuffle the DNA sequence, thus changing
the order of nucleotides.”
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Categories of human genetic variation
Single base pair variations

The smallest variations in DNA sequence occur at the level of single nucleotides. Put
simply, such variation consists of single letter spelling differences in DNA, referred to as
“alleles.” If the frequency of the minor (less common) allele is greater than 1% in the
population, such variants are called “polymorphisms”. However, it is also apparent that
rare variants (with population frequencies of approximately 0.1-1.0) can also make a
substantial contribution to the multifactorial inheritance of common chronic diseases.™

Single-nucleotide polymorphisms (SNPs — pronounced “snips”), which have attracted
the greatest interest from researchers, are the most common type of genetic variation
among people. On average, a SNP occurs once in every 1000 nucleotides, and each of
us have between 3-5 million SNPs. Most SNPs have no effect on health or development,
but over the past 5-10 years’ genome wide association studies (GWAS) in large patient
cohorts have made it possible to measure the associations between mapped SNPs and the
presence of common complex conditions. The number of well-validated associations is
now in the hundreds, and the list continues to grow. Examples include diabetes, obesity,
cardiovascular disease, Alzheimer’s disease, age-related macular degeneration and
asthma. SNPs also contribute to biological variation such as height and metabolism.*

However, most SNPs associated with common diseases explain only a small proportion

of the observed contribution of heredity to the risk of disease, in many cases less than
5-10%, but typically 30-50%." This, and the sheer number of genes and environmental
factors that may interact in a complex fashion to result in common disorders, substantially
limits the use of these markers as predictors of disease risk. While understanding

the relationship between SNPs and common diseases has significantly advanced our
understanding of disease pathogenesis, as yet there are no evidence-based guidelines that
recommend the use of SNP markers in assessing the risk of common diseases in clinical
care, although considerable efforts continue to be made in this regard.”

In contrast to SNPs, the word “mutation” is generally reserved for changes in DNA that
are believed, or known, to be directly pathologic. In the case of single base pairs such
changes may also be referred to as “point” mutations. An example is the substitution of a
thymidine base for an adenine base in the human 3-hemoglobin gene that leads to sickle
cell disease. Other diseases may be caused by slightly larger (although still tiny) mutations
spanning a few base pairs, such as the delta F508 mutation on chromosome 7 that leads
to deletion of one amino acid in the cystic fibrosis trans membrane regulator (CFTR)
protein channel.* These types of mutations were among the first to be described when
genes associated with diseases, such as cystic fibrosis (CF), were mapped and cloned some
20 to 25 years ago." Most of these disease-causing gene mutations are uncommon in the
general population.”
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Larger insertions and deletions: copy number variants (CNV)

Larger segments of genetic material may also vary. These larger-scale changes were
originally thought to be as uncommon as the point mutations discussed above, and to
occur in single genes. Such mutations were typically described in relation to classical
Mendelian dominant or recessive diseases such as Duchenne Muscular Dystrophy
(DMD), neurofibromatosis (NF) and tuberous sclerosis (T'S).

However, in the last 10 years it has become apparent that changes of this magnitude are
also very common®! and occur in many locations throughout the genome. In fact, more
than 10% of human DNA appears to contain these differences in gene copy number.
Copy number variations (CNVs) can consist of insertions, deletions, inversions, and
duplications that result in changes in the physical arrangement of single or multiple
genes. Variation in gene copy number can influence the activity of genes and ultimately
affect many bodily functions. CNVs can:

*  be benign, 1.e. have no effect on the phenotype;
* contribute to non-pathologic differences between individuals;

*  be disease/condition-causing (through variation confined to single genes e.g. DMD,
T'S; or spanning multiple genes such as microdeletion syndromes e.g. 22q11.2);

» confer increased risk for certain conditions (such as Crohns disease, autism, or
schizophrenia);

*  be of uncertain significance (although as more CNVs are recorded in large databases
it 1s likely that our understanding of the significance of these variations will improve).

Future research will focus on the consequences of copy number variation in different
parts of the genome to study the contribution of these variations to many types of disease.

Penetrance and expressivity
Penetrance and expressivity vary considerably for CNVs that have been associated with
underlying diseases or conditions.

Penetrance refers to the proportion of people with a particular genetic change (such

as a CNV) who exhibit signs and symptoms of a genetic disorder. If some people with
the mutation do not develop features of the disorder, the condition is said to have
reduced (or incomplete) penetrance. Reduced penetrance often occurs in familial cancer
syndromes. For example, many people with a mutation in the BRCAI or BRCAZ gene
will develop cancer during their lifetime, but some people will not. It is not possible to
predict which people with these mutations will develop cancer, or when the tumours will
develop. It is thought that reduced penetrance results from a combination of genetic,
environmental, and lifestyle factors, many of which are unknown. This phenomenon can
make it challenging to counsel patients with some genetic variations.*
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Expressivity refers to the range of signs and symptoms that can occur in different people
with the same genetic condition. Although some genetic disorders exhibit little variation,
most have signs and symptoms that differ among affected individuals; which is termed
variable expressivity. For example, the features of Marfan syndrome vary widely: some
people have only mild symptoms (such as being tall and thin with long, slender fingers),
while others also experience life-threatening complications involving the heart and blood
vessels. Although the features are highly variable, most people with this disorder have a
mutation in the same gene (FBN1). Another example of variable expressivity is the most
common human microdeletion syndrome, 22q11.21, which is highly penetrant but has
a range of phenotypic expression broad enough to encompass symptoms so mild they
remain undiagnosed, as well as disorders that were previously designated as different
clinical syndromes (eg DiGeorge syndrome, velocardiofacial syndrome). As with reduced
penetrance, variable expressivity is probably caused by a combination of genetic,
environmental, and lifestyle factors, most of which are not fully understood.”

Structural re-arrangements

Finally, whole chromosomes may also be duplicated or deleted (e.g. trisomy 21 Down
syndrome; 45X Turners syndrome)’* or there may be structural re-arrangements of large
parts of chromosomes, such as translocations which may be balanced or un-balanced.”

The scale and consequences of these three groups of changes (summarised in the figure
below) vary dramatically depending on where and when such a variation occurs. For
example, the change of a single base pair can have profound health consequences (e.g.,
the substitution of a thymidine base for an adenine base in the human 3-haemoglobin
gene), whereas a large, balanced translocation event (in which the genetic information
on an entire arm of a chromosome may switch places with the arm of another
chromosome) may have no direct consequences for the affected person.

Epigenetic variation

Although not discussed in detail here it should be noted that genetic variation may also
occur outside of the DNA sequence. Epigenetic variation involves “chemical tags” that
act as switches that control genes’ activity. Conditions including cancers, metabolic
disorders, and degenerative disorders, as well as some syndromes usually diagnosed in
childhood such as Prader-Willi, Angelman, and Beckwith-Wiedemann syndromes, have
all been found to be related to epigenetic changes.™
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Figure 2: Human Genetic Variation”’
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@ An introduction to genetic testing

Genetic testing is the process by which a person’s DNA or chromosomes are analyzed for
the presence of particular DNA sequences that encode for traits of interest. Historically,
genetic testing involved the analysis of targeted genes or particular chromosomes for
evidence of a gene-based or chromosomal abnormality that caused, or contributed to,
the development of a particular disease or disorder in an individual. Traditionally such
testing was focused either at the molecular DNA level (Sanger sequencing) to determine
single gene disorders, or at the cytogenetic level to identify structural or numerical
chromosome abnormalities.

More recently new approaches such as WGS and whole exome sequencing (WES) have
begun to replace these techniques, but considerable overlap remains concerning the
types of information that can be derived. The table below summarises these types of test
information and introduces the newer testing modalities.

Table 1: Types of test information®

Diagnostic testing Testing to determine whether symptoms are caused by
a genetic disorder and potentially to guide treatment

Predictive testing Testing to predict the future onset of a health
condition with reasonable certainty

Susceptibility testing Testing for variants that somewhat increase risk for a
disease, but where many people who test positive will
not actually develop the condition

Carrier testing Testing for variants that will not influence the health
of the person tested but may cause a genetic disease
in his or her children

Pharmacogenomic testing Testing for variants known to influence how
pharmaceuticals are processed, leading to
personalized use or dosage recommendations

Testing technologies
Single-gene testing Testing for variants in a single gene that are typically
predictive of a disease

Chromosomal microarray testing Testing that detects significant chromosomal
rearrangements

Whole-exome sequencing Sequencing of all DNA elements that encode
proteins, representing about 1% of the genome

Whole-genome sequencing Sequencing that aims to obtain an organism’s
complete genetic code

Table 1 highlights the different types of information that may be gleaned from analysis
of a patient’s genome, which is examined in greater detail with the aid of key examples.
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Diagnostic testing

Examples in this category include single gene disorders such as cystic fibrosis and
thalassaemia.

Predictive testing
These may also involve single gene disorders, but the symptoms do not manifest until
later in life, eg Huntington disease.

Susceptibility testing

“Susceptibility” mutations fall short of indicating a certainty of future disease, but rather
indicate a specific risk of developing a condition at some stage over one’s life. These
susceptibility conditions similarly occur primarily as a result of a single gene mutation,
but manifestation of the disease is also dependent on other factors such as the interaction
of other genes or the environment. An example is the predisposition to developing
breast, bowel or ovarian cancer as a result of a mutation in the BRCAI or BRCA2 genes.

Carrier testing

Genetic testing can also determine if an individual is a “carrier” of a recessive mutation.
While being a carrier of a recessive mutation does not generally pose any direct threat
to that individual’s health, it poses a risk to a future child if the individual conceives a
child with a reproductive partner who carries the same recessive mutation within their
genetic code.

Testing technologies: new approaches to molecular diagnosis

The table above highlights the different types of new testing technologies available.
These are described further below.

Chromosomal microarray tests

This term refers to technologies that assess the presence of CNVs at locations throughout
the genome. “Chromosomal microarray” (CMA) refers to a microchip-based testing
platform that allows high-volume, automated analysis of many pieces of DNA at once.
CMA chips use labels or probes that bond to specific chromosome regions. Computer
analysis is used to compare a patient’s genetic material to that of a reference sample. A
difference between a patient’s DNA and the reference sample is called a variant.
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Figure 3: Chromosomal microarray analysis™
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Microarray-based genomic copy-number analysis is now a commonly ordered clinical
genetic test.

It is offered under various names, including CMA; “molecular karyotyping”; “array
based comparative genomic hybridization” (aCGH); and SNP arrays.*

Testing is broad (i.e. across the genome) but CMA is currently performed in many
different laboratories with different technology platforms and different array design and
content. Determining the clinical significance of CNVs can be challenging.

Whole exome and genome sequencing

WES and WGS may also be termed “next-generation/high-throughput sequencing”
as these technologies permit rapid sequencing of large portions of the genome, vastly
increasing the throughput over classic Sanger sequencing,

WGS and WES are broad genetic tests (approx. 20000 genes) but do not evaluate 100%
of the genes (only 85-92%). The tests can have false positives and are not 100% sensitive.
Although testing can be successtful in identifying a genetic cause for a condition, in the
majority of cases a cause will not be identified.”!

WGS is rapidly becoming part of clinical practice in a variety of contexts, particularly in
paediatric practice where it has been used to diagnose the cause of rare genetic disorders
in children.® There are several reasons why paediatrics has been one of the first cabs off
the rank to utilise WES, primarily because many paediatric diseases are genetic, with
85% of mutations exomic. In such clinical situations, the objective is to make a diagnosis
to facilitate treatment and enable family-centred care.” Issues related to paediatric
testing are discussed further in Chapter 2.
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While testing remains a simple procedure itself, the process of whole genome/exome
sequencing is complex. WGS involves sequencing all six billion base pairs of DNA in an
individual. Hallowell et al neatly capture the complexity involved in the following:®*

Genome sequencing comprises a set of interrelated activities that follow on
from the generation of the sequence of the base pairs across the entire genome/
exome. These activities include (a) the identification of defined variants in the
sequence as compared with some reference sequence, (b) the selection of those
areas of the genome that contain variants that are pertinent to the clinical or
research question and (c) the interpretation and analysis of the data within
those selected areas.” It is at the final stage when the sequence variations are
interpreted that judgements are made about the meaning of the variants that
exist in the analysed sequence.®

Two important points may be extrapolated from this. First is that a diverse range of
information may be derived from such testing. The second is that a significant aspect of
WGS involves the analysis and interpretation of sequence data and results.

The analytic validity of many of these new approaches to molecular diagnosis remains
somewhat unclear. Several recent studies have suggested there are significant differences in
what is defined as a variant between different platforms®” and analytic “pipelines”, although
this can be improved by having multigenerational family samples to assist in interpretation.®®

Genomics: challenging traditional ethical and legal terrain

Conventional genetic testing is governed by traditional medico-legal principles such as
informed consent; patient autonomy; the professional duty of care; and maintaining
privacy and confidentiality. However due to the inherent complexity of genomic
technology, determining the scope of professional obligations is not a straightforward
endeavour. Indeed, WGS/WES has presented largely uncharted ethical and legal terrain
for scientists, clinicians and policy-makers across the world.

This chapter considers one particularly challenging aspect of genomic technology that
has significant relevance to testing in childhood and, in particular, reproductive genomic
testing. This concerns the vast range of information that genomic testing may provide
and, in particular, the issue of “incidental findings” discovered in the course of clinical
testing or research.

As already indicated WGS/WES conducted either in the context of research or as part
of a clinical diagnostic process provides a potentially wide spectrum of results. While
some of these results will be “pertinent’ to the primary diagnostic or research goal, other
less directly relevant but nevertheless clinically significant findings may also be generated.
These kinds of findings have variously been described as “incidental”, “unsolicited”,
“coincidental”, “secondary”, “unanticipated”, “off target”," “opportunistic” or
“discovery findings”. For the purposes of this report these findings” will be referred to by

their most frequent descriptor: incidental findings (IF).
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Incidental findings

The concept of IF is not new. IT" have a long history in various areas of medical

practice such as unexpected anomalies discovered during a surgical or diagnostic
imaging procedure.”! However the potential for IF in clinical and research genomics is
significantly greater. In addition to the comparative frequency of discovering genomic IE
the implications of such findings extend beyond the single individual who has undergone
testing as a result of the familial nature of genomic information.” Further, the clinical
relevance of some IF may not always be scientifically established.

Clinically significant variants versus variants of unknown significance

While some types of IF may be considered scientifically or clinically “significant”, others
are of “unknown” significance. Hallowell et al explain these distinctions:”

“Scientifically significant” findings are those findings for which there is statistical
evidence of a relationship between the genotype (genetic variation) and a
particular phenotype (eg, disease symptoms/risk factors). If there is insufficient
evidence to support this relationship, then the finding is often designated a
“variant of uncertain significance” (VUS). Labelling a particular genetic variant
as a VOUS does not necessarily mean that the genotype—phenotype relationship
does not exist, but rather that it has not been confirmed statistically at this time
in this population. WGS generates a large amount of data, and many observed
variants will be of uncertain significance. Further clinical investigation may be
required to determine their significance, and this may necessitate disclosure to
patients or feedback to research participants for the purpose of gathering more
data (eg, biospecimens and phenotypic data from other family members).

Even when a gene-phenotype relationship is scientifically established, there may still be
considerable uncertainty regarding its effect on the individual. The implications of a
clinically or scientifically significant incidental finding may range from posing a major threat
to an individual’s health in the short or long-term, to relatively minor repercussions that may
or may not eventuate in the future and that may or may not be preventable or treatable.

The potential for false positives

The range of findings discovered in the course of WGS/WES is further complicated by
the fact that, given the large range of potential candidates for causal mutations in any
human genome, whole genome data sets are likely to generate erroneous results (false-
positives/false negatives).”

Summary

Given the complexity of information, there has been considerable debate about
what “incidental” information should be reported back to patients, and whether such
obligations should extend beyond clinical relationships into research scenarios. The
following section considers the nature of this on-going debate amongst scientists,
ethicists, policy makers and lawyers.
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@ Medico-legal obligations

CMA or WGS/WES may be conducted in the context of research, or in the course of
providing clinical care. To establish the necessary background to the discussion regarding
IF in genomics, this section considers the legal rules (largely derived from common law)
and the normative ethical principles that govern the ordinary provision of clinical care
and research, before returning to the specific issue of genomics.

In the ordinary clinical relationship, it is uncontroversial that a health care provider has
ethical and legal obligations to act in the interests, and for the benefit, of the patient. In
legal terms these duties primarily arise in: (a) criminal law (treatment without consent in
the absence of a lawful justification constitutes an assault/battery);” (b) tort law

(a duty to provide non-negligent care);® and (c) equity (fiduciary duty). These duties
impose extensive obligations and underpin the range of ethical, professional and legal

duties imposed on providers.

Extensive obligations are also imposed in the research context. However, the nature of
the relationship between a researcher and research participant may vary significantly.
The research may be therapeutic (likely to benefit the participant) or non-therapeutic
(unlikely to directly benefit the participant), undertaken locally or at a distance, it may be
short-term or longitudinal. The type of research being conducted can impact the nature
and extent of the duties owed to a research participant.

The following outlines the legal duties that arise in the clinical realm, before considering
the scope of legal duties in the context of research.

Ordinary medical care

Clinicians have a legal obligation to provide services with “reasonable care and skill”.”” A
necessary pre-requisite to any medical procedure performed on an individual, whether
therapeutic or not, is the individual’s voluntary and informed consent. This encompasses
a legal duty to provide adequate information regarding the associated risks and benefits
of a treatment or procedure to facilitate a sufficiently informed decision.

In New Zealand this common law position is reflected in the Code of Health and

Disability Services Consumers Code of Rights promulgated under the Health and Disability
Commissioner Act 1994 (HDC Act). Together these create a distinct category of civil or
“Code” liability.”®

The Code of Rights states that a consumer has the right to have services provided with
“reasonable care and skill” and “that comply with legal, professional, ethical, and
other relevant standards”.”” The standard of care expected of any practitioner is a
legal matter. It is determined by reference to the level of skill expected of a reasonably
competent practitioner practicing in that particular field, and is also informed by
standards that are applicable to that particular profession.®” Providers must also observe
patient confidentiality.®!

There is an established consensus in the common-law world that, when it comes to
disclosing the possible risks and benefits of a procedure, the requisite standard of
disclosure is ascertained by reference to the information that a reasonable patient, in that
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patient’s circumstances, would expect to receive.* This common-law position is reflected

in the Code of Rights.*®

All of these medico-legal obligations apply when genomic testing is performed in the
context of clinical care to diagnose an unknown condition. However, distinctions are
sometimes made regarding researchers’ obligations when pure research is conducted

(as opposed to research that is part of clinical care), with less onerous obligations arising
in the context of pure research. The following considers to what extent this is assumption
is accurate.

Health research and the duty to inform

Policy governing research is generally informed by widely accepted norms that are
enshrined in several international instruments.®* These include the Nuremberg Code of
1949; the World Medical Association’s Declaration of Helsinki 1964; and the Coouncil for
International Organizations of Medical Sciences (CIOMS) International Ethical Guidelines
for Biomedical Research Involving Human Subjects.*® These instruments all reiterate the need
for consent in research, as well as the general duty to inform a prospective participant of
the aims of a proposed study, the anticipated benefits and potential risks of participation,
as well as disclosing any conflicts of interests to participants.?® The extent of the duty to
inform participants may be implicated by the nature of the research, particularly if it is
non-therapeutic and has associated risks.

Non-therapeutic research norms: implications for genomics

International case law, such as the Canadian case of Halushka v University of Saskatchewan®
suggests that the duty to inform in the context of non-therapeutic research is no less, and
potentially more extensive, than in the general therapeutic context.*® Halushka involved

a student who was a paid participant in a trial that involved inserting a cardiac catheter
and administering an experimental anaesthetic drug.®” Despite being told that the test
was safe, the participant suffered a cardiac arrest after the drug was administered. After
he recovered, the participant brought a claim against the clinician-researchers. The trial
court held that the negligent failure to sufficiently inform the participant meant that no
“effectual consent” had been obtained to participation in the trial.

On appeal, the Saskatchewan Court of Appeal suggested that the duty to inform
may be more onerous in the context of non-therapeutic research compared with the
requirement when providing ordinary medical care. It stated “the duty imposed upon
those engaged in medical research ... to those who offer themselves as subjects for
experimentation ... is at least as great if not greater” than that owed in the ordinary
patient-physician context.”

The rationale given by the court for such “heightened” disclosure obligations was because
there could be no exception to the duty to inform, as might (rarely) arise in the context
of ordinary medical practice on the basis of “therapeutic privilege”.”! The principle in
Halushka was reaffirmed in the Superior Court of Quebec in the case of Weiss v Solomon.*

Although the reasoning of the courts is somewhat outdated in terms of the concept of
therapeutic privilege, the expectation of extensive information disclosure for invasive
non-therapeutic research is clearly justifiable. There are different trade-offs when
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participating in therapeutic versus non-therapeutic research. Any risks involved will
arguably assume greater significance if they are not off-set by potential direct health
benefits. In this case requiring extensive disclosure requirements is a legitimate means of
discouraging inappropriate inducement or exploitation of research subjects, particularly
when subjects are paid for their participation as in Halushka. In ethical terms, it is based
on the concept of respect for persons and the ethical duty not to treat another person as
a mere means. In Halushka the research participant was particularly vulnerable due to
the invasiveness of the procedure, his lack of knowledge regarding the risks associated
with the procedure, and the concomitant trust placed in the individual(s) performing the
procedure. The decision in Halushka is manifestly defensible.

However, genomics research is qualitatively different from other kinds of research.
Although genomic research may identify gene variants that are highly relevant to an
individual’s current or future health, it is only minimally invasive. Further genomics
research may be conducted by international or national groups. As Zawati notes,
genomics research is progressively becoming * more “international, collaborative,
longitudinal”, and “less individually oriented”. This raises a significant normative
question for the law, which is the extent to which, if any, obligations of disclosure arise
in regard to clinically significant incidental findings discovered during the course of
genomic research. He states:**

... although Halushka and Weiss provide guidance on the duty to inform in

the context of consent, they fail to address the issue of return of results in the
context of research. Does the return of findings fall within the scope of the duty to inform?
Given the increasingly blurred lines between research and clinical care, this issue
has become all the more important.

At first blush, it may seem unusual that Zawati draws on cases such as Halushka and
Weiss. The duty to inform regarding the risks and benefits of research participation is, at
least plausibly, a distinct and separate issue from determining whether there is a duty to
return information regarding incidental findings discovered in the context of genomics
research. However, the ethical and legal obligations of clinicians exist on a continuum
that extends beyond obtaining initial consent to performing testing and could, at least
theoretically, extend to researchers. In addition, any analysis in the New Zealand context
must take into account the Code.

The Code explicitly states that all of the rights contained in the Code apply when a
consumer “is participating in, or it is proposed that a consumer participate in, teaching
or research.”® A “health consumer” is further defined as “any person on or in respect

of whom any health care procedure is carried out”;” and a “health care procedure”
includes any “health treatment, health examination, health teaching, or kealth research
administered to or carried out on or in respect of any person by any health care
provider”.”” Consequently participants in any genomic research will constitute “health
consumers” for the purposes of the Code. But do all researchers, in particular non-
healthcare researchers, constitute “health care providers” for the purposes of the Act
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and the Code? To determine this requires a consideration of the statutory definition of a
“health care provider”.

Significantly, the HDC Act extends the definition of a “health care provider” beyond

a registered health practitioner to include “any other person who provides, or holds
himself or herself or itself out as providing, health services to the public or to any section
of the public, whether or not any charge is made for those services”.” Consequently the
question as to whether the non-clinician researcher is a “health care provider” turns on
the definition of “health services”.

The HDC Act defines “health services” as services to promote or protect health or to
prevent disease or ill health, and includes both “treatment services” and “diagnostic
services™.% The Act specifically states “that ‘health treatment™ includes treatment that
involves (or is related to) taking human tissue from that person “for all or any of the
following purposes ...”, one of which specifically includes “research purposes”.!™

Consequently, the Code applies to genomics research involving clinical researchers and

it potentially extends also to non-clinical researchers who conduct research on human
tissue. What can be concluded is that the Code makes no distinction between the duties
and obligations of clinician researchers and non-clinical researchers if the person(s)
conducting the research falls within the definition of a “health care provider”. However,
an academic who recruits students for a genomic research project is unlikely to constitute
a “health care provider”, given that they are not holding themselves out as providing
services to “promote or protect health”, or to “prevent disease or ill health”.!"!

The Code imposes significant obligations on providers and confers rights on consumers,
including the right to be “fully informed”.'”® This includes the “right to the information
that a reasonable consumer, in that consumer’s circumstances, would expect to receive”.
The right to be fully informed specifically includes being informed of the “results of

tests” and the “results of procedures”.!®

Hence for the purposes of Code liability, the issues in any research situation will be what
information a reasonable consumer/research participant in that consumer/participant’s
situation would expect to receive, and whether incidental findings discovered in the
course of research, particularly non-clinical research, constitute “test” results.

In the case of population biobanks, it is possible that a “reasonable” participant would not
expect to receive results when the research is conducted in a non-therapeutic setting by non-
clinical personnel. Although empirical research may suggest that some research participants
may prefer to be informed of significant results, this is not the same as having a reasonable
expectation of disclosure. Clause 3 of the Code is also relevant when determining the scope
of any duty to disclose findings discovered during genomics research.

Clause 3 states that a provider will not be found in breach of the Code if it can be
demonstrated that they took “reasonable actions” in the circumstance [which includes
all the relevant circumstances] to give effect to the rights, and comply with the duties
specified in the Code”. “Circumstances” extends to the consumer’s clinical circumstances
as well as the provider’s resource constraints. In some circumstances, it may not be
reasonable to expect a researcher to return individual research results (a possibility
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that is considered further below). In some instances, researchers may clearly adopt and
communicate a standard policy of non-disclosure.

While the Code clearly applies to the general context of clinical care, and having explored
the applicability of the Code to pure/non-clinical health research, the following considers
whether there is a basis for imposing a normative duty to disclose clinically significant
incidental findings discovered in the course of clinical genomic testing and, if so whether
it extends to non-clinical/non-therapeutic research.

Genomics and the challenge of incidental findings

As noted above, general medical law principles apply to clinicians who conduct genomic
tests. It is also established that in the context of research, clinicians/investigators who
recruit donors for DNA biobanks must inform participants regarding the proposed

use of their samples,'”* including who will have access to their samples, as well as the
approach taken to anonymisation and information regarding storage.'®

However, a significant issue is whether, and if so to what extent, there is a duty to return
clinically significant incidental findings where results may potentially impact upon that
participant’s immediate or future health.

This issue moves from a duty to inform prior to undergoing a procedure into the
altogether different terrain of whether a clinician/researcher owes a duty of care to the
research participant that mandates disclosure of clinically significant IF. The following
considers first whether there are grounds for finding that a duty of care exists and, if the
answer is yes, what the scope of that duty might be.

Clinical testing

The duty of care owed by clinicians to patients is well established. In common law
countries, a clinician may be (tortiously) liable for any harm caused as a result of
negligent patient care or management. However, in New Zealand compensation for
personal injury/treatment injury is provided under the statutory Accident Compensation
scheme and a clinician will not be personally liable (although claims for exemplary
damages are not precluded under the scheme).'” Despite this local idiosyncrasy,
determining the existence and scope of any clinical duty of care remains relevant in

the interests of establishing the requisite standard of care or “best practice” for clinical
genomic testing and clinical obligations under the Code.

Is there a legal duty of care to report incidental findings in
clinical testing?

In the case of clinical genomic testing, a genomic test is performed to diagnose a
condition that the patient presents with, and any I identified are unrelated to the
presenting complaint. As noted above, the Code requires providers to inform patients of
the “results of tests”."”” While this duty could be argued to be limited to information
relevant to the presenting complaint, it is highly likely that a clinician who performs
genomic tests will have a duty under the Code to disclose any clinically significant IF
discovered in the course of clinical genomic testing to a patient.'”
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Although a clinician’s duty to recognise and disclose an IF discovered in the course

of genetic testing has not been tested judicially, a recent survey of US legal databases
identified eight cases where plaintiffs alleged medical negligence on the basis that an
IF had either not been identified, or not appropriately acted upon, following medical
imaging.'” The outcomes of these cases were largely dependent upon expert evidence
regarding the applicable standard of care and establishing a causal link (proof of
causation) between the omission and the harm suffered.

In one case a radiologist reporting a C'I' scan that had been ordered to investigate a
suspected liver tumor failed to note a 3cm pancreatic cyst, reporting that the pancreas
was normal.'"’ The patient was subsequently diagnosed with pancreatic cancer and died.
The executor of the plaintiff’s estate claimed damages for wrongful death on the basis
that, had the cyst been reported, it could have been removed before it became cancerous
and the death averted.

At trial the radiologist accepted that failure to identify the cyst was negligent, but claimed
that there was no causal link between the negligence and the patient’s subsequent death.
The single expert witness to give evidence (a general surgeon) testified that the pancreatic
cancer originated from the original cyst, which he deduced must have initially been benign
as the patient would not have survived the ensuing three years with “a cancer of that
magnitude”. The expert’s opinion, which he posited with a “reasonable degree of medical
certainty”, was that the patient would still be alive 7f the original cyst had been reported
and removed before it became cancerous. Consequently, the court held that the radiologist’s
negligence was a proximate cause of the plaintiff’s subsequent death. The case was
appealed to the Supreme Court of Virginia, which upheld the trial court’s finding

In four other cases where plaintiffs brought proceedings alleging negligence related to IE
the defendant’s application to have the proceedings dismissed (i.e. summary judgment)
was refused, leaving open the possibility that the plaintiffs claim might succeed at trial.'"!
In such cases where the courts have declined to find that negligence cannot be sustained
on the facts and refuse an application to dismiss the proceedings, the parties may elect to
negotiate a settlement rather than go to trial. None of the four cases proceeded to trial.
In two other cases summary judgment was awarded to the defendant on the grounds
that the plaintiff did not provide pertinent expert evidence to the court to establish a
breach of the applicable standard of care in the circumstances.''?

In another US case a radiologist was found not to have breached the necessary duty of
care when he failed to note a rare congenital arteriovenous malformation in a patient’s
CT scan, which subsequently caused an intracranial haecmorrhage." Expert witnesses
testified that due to the rarity of the defect and the patient’s presentation at the time,

it was unlikely that a general radiologist would have recognised the significance of the
defect. Consequently, the defendant’s failure did not fall below the standard expected
of a reasonably competent general radiologist. The experts also attested that the
malformation had likely worsened after the initial scan.
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In a recent Australian case (although of limited authority as it was only a district court
case) the plaintiff was awarded $609,939.50 in damages after a radiologist failed to
identify and report an IF (a lesion) on a woman’s C'T scan.''* The patient had a prior
history of Non-Hodgkins lymphoma and presented acutely with severe abdominal pain.

After a C'T scan was performed the patient was diagnosed with acute pancreatitis.
However, the CT scan also revealed a lesion on one kidney, which was not identified

or reported at the time. Four years later the same lesion was diagnosed as a malignant
tumor (Wilm’s tumor). The plaintiff experienced significant complications following an
invasive diagnostic procedure. She claimed personal injury and consequential psychiatric
injury due to the delayed diagnosis.

The trial court accepted expert evidence that the lesion was a visible and uncommon
finding in a person of the plaintiff’s age, and could easily have been investigated further.
The majority of the expert medical testimony considered the lesion should have been
identified and reported, and not doing so constituted “a significant miss”.!"> The

court accepted that it was inconsistent with widely accepted peer professional opinion
regarding competent professional practice, despite one contrary expert witness testimony.

Once it was established that failing to spot the lesion constituted a breach of the
requisite duty of care, the legal question was whether the negligence was causative of
the damage suffered. This required determining whether the plaintiff’s treatment would
have differed had she been diagnosed earlier, and the extent to which the delay “caused
or contributed” to the physical injuries and psychiatric injury that she subsequently
suffered. The court reiterated the relevant principles of causation in medical negligence
originally articulated by the High Court of Australia in Chappel v Hart:''®

In principle, therefore, if the act or omission of the defendant has done no more
than expose the plaintiff to a class of risk to which the plaintiff would have been
exposed irrespective of the defendant’s act or omission, the law of torts should
not require the defendant to pay damages. Similarly, if the defendant has done
no more than expose the plaintiff to a risk for which the defendant has not
undertaken responsibility and to which the plaintiff was always exposed, the law
of contract should not require the defendant to pay damages for injury arising
from that risk even if it follows upon a breach of contract. No principle of the
law of contract or tort or of risk allocation requires the defendant to be liable for
those risks of an activity or course of conduct that cannot be avoided or reduced
by the exercise of reasonable care unless statute, contract or a duty otherwise
imposed by law has made the defendant responsible for those risks.
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Ultimately the plaintiff was partially successful in her claim for damages. Although the
court held that the treatment she received would not have differed had her condition been
diagnosed earlier, it also found that the delay in diagnosis caused her to suffer a period of
il health that would have been avoided had she undergone investigations and treatment
earlier. The court also held that the delay “in all probability affected the prospect of
recovery,”''” and held that the delay in treatment and the diagnostic complications were a
major contributing cause of the plaintiff’s subsequent mental illness.

In all of these cases, the starting point for establishing the applicable standard of care
was determined by reference to the skills and expertise expected of a person in that
particular clinical specialty. If it was found that a duty of care exists, additional issues
included to whom the IF should be communicated, and how it should have been
subsequently acted upon, (e.g. a duty to refer the patient for appropriate follow-up
investigations). Finally, the claimant had to establish causation, i.e. that on the balance of
probabilities, the omission was causative of the harm experienced.

Although case law involving incidental findings is relatively slim, some courts are willing
to find that a clinician’s duty of care extends to ensuring that a patient is informed when
a clinically significant IF is discovered in the course of providing medical care for an
unrelated condition. Arguably there is no good reason why this duty would not extend
to the case of a clinically significant IF discovered in the course of clinical genomic
testing, when a patient is informed that incidental information has been discovered, and
consents to its disclosure. In addition, it should be noted that liability under the Code for
any failure to disclose is not dependent on a finding of harm.

While there is an established duty of care between a patient and clinician, the extent
of the duty is unclear in the context of genomics. The extensive range of information
that may be derived from testing means that there is uncertainty as to what clinically
significant findings should, as a rule, be communicated to patients and how consent
processes should be modified to account for potential IF. In this context, developing
practice will have a role to play in determining the required standard of care.
Institutional and professional guidelines are likely to play a role in informing any legal
determination of the scope of professional obligations in this context.

Given the relevance of professional practice and guidelines to determining the standard
of care, the following section considers guidelines that were released by a major US body
in 2013.

The ACMG guidelines: an aberration or new policy paradigm?

Guidelines released by the American College of Medical Genetics and Genomics
(ACMG) triggered extensive debate regarding the obligations of clinicians and the rights
of patients when clinical genomic testing is performed. Given that the ACMG is highly
influential internationally, the following considers some of the problematic aspects of
these recommendations.
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As some commentators note, there is little difference between a focused diagnostic
investigation and a nonspecific-screening test in the context of WGS. When WGS is used
to provide a clinical diagnosis, it is axiomatic that it will potentially reveal a range of
additional susceptibilities or conditions.'"® This possibility is compounded as the number
of genes tested increase with respect to the disease for which testing is performed.'?
Consequently the traditional boundary between a focused diagnostic genetic test to
identify the root cause of ill-health, and performing asymptomatic screening, two
activities that have historically been guided by distinct normative frameworks, are
blurred.' However at least one professional group, the ACMG, has encouraged,
indeed requires, the performance of opportunistic screening whenever clinical testing is
indicated.

The ACMG i1s described on its website as a selective and influential society of genetic
and genomic specialists aiming to promote the integration of genetics and genomics
in all health fields."””" This objective is achieved by issuing evidence-based guidelines
generated by expert opinion and consensus in the form of Working Groups.'*

The ACMG issued a policy statement in 2012 in which it recognised the value of
genomic sequencing in the clinical evaluation of individuals with suspected germ-line
genetic disorders.'” It acknowledged that such testing would generate both diagnostic
results and secondary findings. The statement stressed the need for guidelines on

the interpretation of secondary findings (as well as results generated in the course of
screening asymptomatic individuals) limiting reportable findings to those of clear clinical
relevance. This was necessary in order to “avoid burdening the health-care system and
consumers with what could be very large numbers of false-positive results”.!** To this
end a Working Group was established to make recommendations on the management of
IF in clinical exome or genome sequencing.'® The following year the College released its
guidelines for the return of IF, which it defined as:'*

the results of a deliberate search for pathogenic or likely pathogenic alterations
in genes that are not apparently relevant to a diagnostic indication for which the
sequencing test was ordered.

Arguably the ACMG definition of an “incidental” finding is problematic. In contrast
to a genuine “IF” as the term is ordinarily understood, the ACMG testing guideline
advocates testing for a predetermined list of genetic anomalies. These findings are
more accurately termed “secondary findings” rather than incidental because they

are deliberately sought in addition to the primary/pertinent findings. Although the
ACMG acknowledged that “there was insufficient evidence about benefits, risks, and
costs of disclosing incidental finding to make evidence-based recommendations™?, it
recommended that laboratories performing clinical diagnostics actively search for 56
listed mutations.
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A list of 56 Genes: mandatory screening for 30 conditions

The ACMG list was generated by a consensus-driven process that examined the clinical
validity and utility of 56 genes associated with 30 conditions (see appendix 1). It includes
early onset conditions such as retinoblastoma and W77-related Wilms tumour; other
conditions that can present at any age, such as Marfan syndrome and familial medullary
thyroid cancer; and, more controversially, adult onset conditions such as hereditary
breast and ovarian cancer or colorectal adenomatous polyposis. These were prioritised
as disorders “for which preventative measures and/or treatments were available and
disorders in which individuals with pathogenic mutations might be asymptomatic for

long periods™.'#

Although the Working Group considered the issue of patient autonomy and the
individual’s right to choose which genetic tests would be undertaken, it concluded that
in the context of WGS, the amount of genetic counselling and information required
to obtain informed consent would be overwhelming and impracticable.'® The ACMG
recommended that testing all 56 genes should be mandatory for all patients undergoing
clinical testing." Significantly, it does not differentiate its policy of reporting results
based on the age of the person being sequenced.

The ACMGs deviation from the principle of self-determination appears to be based on
pragmatic reasons, rather than ethical principles. Ultimately, the working group considered
that if an individual considered the risk of discovering incidental findings outweighed the
benefits of testing, he/she could refuse to undergo clinical sequencing. However, they could
not undergo testing and refuse disclosure of some results.”! Curiously it was suggested that
this take-it-or-leave-it approach preserved patient autonomy.

The ACMG recommendations extended to children, and in contrast to widely accepted
policies, it advocated predictive testing for some adult-onset conditions.'* The Working
Group considered that as genomic testing is still in transition, and access to inexpensive
and easily interpretable WGS sequencing is relatively limited, “an incidental finding
relevant to adult disease that is discovered and reported to the clinician through clinical
sequencing of a child may be the only way in which that variant will come to light for
the parent”.'* The American Society for Human Society of Human Genetics (ASHG)
position statement issued in 2015'* recommends that predictive or pre-dispositional
testing for adult-onset conditions should be deferred until adulthood or adolescence
unless there is a clinical intervention appropriate in childhood.

However, the ACMG recommendations were not extended to preimplantation

genetic diagnosis (PGD); nor to prenatal diagnosis and newborn screening; nor did it
recommend sequencing “healthy” adults and children. The ACMG stopped short of
recommending population screening given the “complex questions of potential benefits
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and downstream risks”.

The ACMG guidelines were controversial, triggering a swift backlash. The two most
contentious aspects were the inclusion of minors in predictive testing for adult-onset
conditions,'* and the initial proposal that results would be returned regardless of
the patient’s preferences. This was described by one prominent policy group as a
paternalistic throwback to the “physician as gatekeeper” model.'"
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The ACMG policy was subsequently modified to allow for an opt-out scheme.'*
However, it recommends that patients undergoing genomic testing cannot exercise a
choice to receive results for some of the conditions and not others; i.e. it is an all or
nothing scenario. Thorogood and Knoppers observe somewhat skeptically that the
“ACMGs justification to require testing and reporting of a curated list of variants is
rooted ... in the logic of the duty to inform and fear of subsequent liability”.***

Any relevant incidental findings are reported to the ordering clinician. The clinician is
then responsible for contextualising such information based on the patient’s personal and
family history, physical examination and any other relevant findings.'*’

The ACMG regime presents a radical departure from the long-standing principles of
patient autonomy and informed consent. It justified this on the basis that “clinicians and
laboratory personnel have a fiduciary duty to prevent harm by warning patients and their
families about certain incidental findings and that this principle supersedes concerns
about autonomy”."*! However it is arguable that the ACMG misapprehended the nature

of fiduciary duty.

Critiquing the ACMGs ‘fiduciary duty’ justification

Fiduciary duty is a legal concept. It is premised on the existence of a special relationship
that, by its nature, gives rise to obligations of loyalty, trust, a duty to act within the

scope of authority, and an overriding duty not to exploit a position of power to the
beneficiaries’ disadvantage.'*? While it is plausible that fiduciary duties extend to the
research context, it is less plausible that the ACMG approach may be justified on the
basis of fiduciary duty. As one critic cogently argues “the principles of fiduciary law
establish that a clinician has a duty to respect a patient’s self-determination in a way that
precludes the unconsented [or coerced] analysis, report, and disclosure of secondary

target genomic analysis”.'"

It is certainly arguable that mandatory disclosure of information is contrary to
autonomy. Although contested in some quarters, it is generally accepted that individuals
have a “right not to know” certain information about themselves, unless not knowing
would compromise the rights of others.!*

The interest an individual has in not knowing, or the alleged right not to know,
one’s genetic future has, at least in the past, been generally perceived as a
contestable moral claim, rather than as a legal right.'*® The right not to know
genetic information is widely accepted in genetics literature, subject to the
qualification that the right not to know ‘presumes people understand what it

is that they have chosen not to know about’.!* It is apparent in international

human rights instruments and in guidelines on genetics.'*’

However, some claim that a right not to know is incongruous with conceptions of
autonomy that presuppose agency and rational choice. Indeed, some commentators

argue that “where genetic information is pertinent to one’s future autonomy” premising

a right not to know’ on autonomy is untenable."*® These kinds of arguments are premised
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on the view that without knowledge of pertinent information, subsequent decisions are

not fully informed and autonomous. However, it is plausible that a broader liberty-based
understanding of autonomy, which permits a person choice with respect to the information
that they receive, may be construed as the “right to informational self-determination”.'*

Because some genetic information may have implications for the health of other

family members, some commentators argue that there is an obligation to know genetic
information. Genetic information may have benefits for the wider family, and disclosure
could be justified based on communitarian interests. In addition, endorsing the right not
to know may compromise clinicians. Harris and Keywood state: "’

The claim of an entitlement to be shielded from information relevant to one’s
health status and to future decisions the individual will face places health
professionals in a dilemma. The patient is in effect declining to face and take
responsibility for decisions about the management of their condition and indeed
about their lives which are not properly theirs to take. While the desire to abjure
responsibility is understandable, and even attractive in some circumstances, it is less
clear that others can be placed under an obligation not only to respect the claim to
irresponsibility but to shoulder some of the responsibilities refused by others.

Arguably, the authors elide a preference not to know with genetic irresponsibility, effectively
asserting a duty to know certain information. However, a person who decides to forego
knowing their genetic status is simply maintaining the status quo. Morally requiring the
acquisition of knowledge, when it is contrary to that individual’s perception of what is in
their best interests, seems irreconcilable with autonomy and suggests moral paternalism.'!
Mandatory disclosure in some instances may even cause harm in the form of worry or
emotional stress. Some commentators note that screening and disclosure of secondary
findings indicating a predisposition to disease could “lead to a diagnostic odyssey, long-
term medical surveillance, involvement of family members in testing, iatrogenic harm
and psychosocial consequences”.”” Further, refusing the option of not receiving some
genomic results may cause some individuals to refuse diagnostic testing and forego the
benefits it may provide.

The process used to generate the ACMGs list of mandatory genetic mutations has also
been criticised. Holtzman argues that the ACMG recommendations are “based on the
beliefs that the presence of these incidental findings indicates that the patient or his/
her relatives will suffer future harm and that interventions are available to reduce or
?158 3 claim that is not scientifically valid. The potential for false positives
militates against any mandatory reporting regime. As Holtzman argues, the reliability
of sequencing and quality control in clinical laboratories should be improved before

prevent harm,

the ACMG focusses on mandatory testing.'** This is highly pertinent given recent
findings regarding the accuracy of some gene-disease associations. A recent review of
submissions to the ClinVar variant database in the United States illustrated the lack of
coordination amongst clinical laboratories which lead to multiple interpretations of the
same variant.'”
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In the New Zealand context, any such mandatory reporting regimes would be in direct
contravention to the Bill of Rights Act 1990, which enshrines the right not to be subjected
to medical or scientific experimentation without informed consent,”™ as well as the right

to refuse medical treatment.”” A further concern raised by the ACMG guidelines is

the failure to consider the fiscal implications of such a policy, such as who pays for the
additional testing and genetic counselling; the patient, insurance companies, or researchers.
Mandatory testing is likely to strain laboratory resources particularly in a publicly funded
health system, although this may be less of a concern for some commercial genomic
laboratories in the United States. The implications that mandatory testing has on health or
life insurance for individuals who test positive is also a valid concern.

The United States federal government introduced the Genetic Information
Nondiscrimination Act (GINA) in 2008. GINA prohibits health insurers from using
genetic test results to discriminate in rates or coverage. However, GINA only applies
when genetically at-risk individuals are asymptomatic. Once a disease manifests—GINA
does not apply.”*® Further GINA does not extend to life insurance or disability insurance.
In New Zealand there is no similar legislation, and insurers generally require clients to
disclose genetic test results.™

The legal and ethical status of guidelines and professional practice

Although the ACMG guidelines are not legally binding, it is commonly acknowledged
that guidelines formulated by professional bodies may be used as evidence of the
standard of care for practitioners.'® In the UK, for example, guidelines issued by the
National Institute for Health and Clinical Excellence (NICE) are perceived as necessary
to achieve the government’s aim of uniformity in healthcare quality.'®' In New Zealand,
right 4(2) of the Code of Rights provides that consumers have the right to have “services
provided that comply with legal, professional, ethical, and other relevant standards™.
However, the source and quality of the standards may affect the degree of reliance
placed on them when determining the appropriate standard of care.

Interestingly a US survey has shown that the majority of genetics professionals surveyed
agreed that the ACMG recommended minimum list of genes should be reported,
regardless of the indication for which the screening was initiated.'™ However just over
half indicated they would honour patients’/families’ wishes not to receive results. This
requires policies to manage the undisclosed information, as well as establishing guidelines
for clinical laboratories governing testing and reporting of II and “variants of uncertain
significance” VOUS.'%

Contrasting the Presidential Commission Bioethics Committee’s Report
Nine months after the ACMG recommendations were published, the US Presidential
Commission for the Study of Bioethical Issues (Presidential Commission) issued its report:
Anticipate and Communicate: Ethical Management of Incidental and Secondary Findings in the Clinical,
Research, and Direct-to-Consumer Contexts.'™ The Commission divided IF into two categories,
those that are “anticipatable” (findings known to be associated with a test or procedure,
e.g misattributed paternity) and those that are “unanticipatable” (findings that could

not have been anticipated given the state of current scientific knowledge).!® It suggested
that in both clinical and research contexts, there is a duty to inform subjects/patients

45



about the likelihood of such findings arising as part of the informed consent process.'®
However with regard to reporting IF the consensus was that clinicians should respect
patient’s autonomy in returning results, including the right not to know.!” Additionally,

it considered the ethical obligation of non-maleficence supports the use of “therapeutic
parsimony” meaning that clinicians should only actively look for IF if the risk of harm of

pursuing an IF is less than the risk that the finding is present in the first place.'®

Genomic research: incidental findings and researchers obligations

The expanding field of genomics has triggered a flood of debate by policy makers,
academics and researchers regarding the informational obligations of researchers to
research participants. There has been a steady stream of empirical research reporting
subjects’ preferences regarding the return of clinically significant results.

When considering this issue, it is important to distinguish the current legal obligations
on clinicians and researchers, and ethical or moral arguments that challenge the current
normative framework. Accordingly, the following section aims to identify the current
legal standard of care owed by genomics researchers to research participants, before
considering the arguments that challenge this default position. The strength of these
arguments are assessed in terms of their normative credentials and their effect, if
adopted, on public policy. In doing this the nature of the physician-patient relationship
is first considered to determine if, and how, such duties might translate in the genomic
research context.

There are several distinct contexts in which genomic testing occurs, which arguably have
different implications for those undertaking testing and the legal obligations of clinicians
and researchers. These possible scenarios include:

1. Genomic testing that occurs solely for research purposes such as DNA contributed to
a public biobank (i.e. “pure” research).

2. Genomic testing that occurs in the course of providing/receiving patient care i.c.
clinical investigation to find a definitive diagnosis for a complaint.

3. Genomic testing performed in the context of medical therapeutic research e.g
clinical trials involving a therapeutic doctor-patient relationship or when the
researcher is simultaneously the patient’s treating clinician.

Of these three categories, only the first constitutes “pure” research. In the following,
Hallowell et al outline the conventional distinction made between pure research and
clinical research:'®

Traditionally research and clinical investigations have been understood as
different types of activity, stemming from very different motivations. In theory,
the former is carried out independently of individual patient’s interests, is
hypothesis-driven and primarily aimed at answering a research question. The
latter is motivated by individual patient’s needs, and its prime purpose is to
benefit individuals not the wider patient population.
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For example, in the genomics context the research objective may seek to determine
links between a gene variant and certain disorders, and is aimed at groups of people,
rather than targeting a specific individual. In such instances the principles of justice,
beneficence and respect for persons requires that general research results are made
public, including the participant population.'” However when testing occurs in a
therapeutic context (i.e. category 2 and possibly category 3) “ethical, deontological,

and legal rules arguably impose different, more extensive duties” on researchers to
individuals in relation to information provision prior to, and following, genetic testing.'”!
This 1s because the patient-doctor relationship imposes an obligation to act in the
interests of the individual patient.

Although different considerations traditionally arise when conducting “pure” research
versus providing clinical care, the ordinarily bright line often becomes blurred

in genomic medicine. Health providers are increasingly becoming aware of the
implications of genetics on health and disease development. Often, health providers

assume a dual role of clinician and researcher. This poses some challenges:'”?

Distinguishing research from clinical activities is seen as critical from an ethical
standpoint'” as the actors involved in these different activities are seen as having
different rights and duties; but in reality the boundary between these activities

is becoming increasingly indistinct particularly in genetics and genomics.'”* The
result is that patients and research participants may find it difficult to distinguish
between research and clinical activities, particularly when their clinician is

also a researcher interested in investigating their condition'” or the research
participant is also a patient.'”® Moreover, clinical activities are increasingly
regarded as having a research element.'”” This confusion may lead to research
participants and researchers viewing research interventions in genomics, as well
as in other areas of medicine as being motivated primarily by clinical intent.'”

... notwithstanding this ambiguity, in every clinical encounter there is always a
primary problem brought by the patient to the clinician that needs to be solved,
and although the context in which research and clinical care takes place is now
increasingly indistinct, it is important, and it should be easy, to be clear and
transparent about the primary purpose of any encounter.

It is axiomatic that the doctor-patient relationship imposes a professional duty on the
clinician to provide a reasonable standard of care, determined by reference to the
standard provided by a reasonably competent practitioner practising the same skill. In
the case of clinical care which generally involves therapeutic goals' clinicians have also
been held to owe a fiduciary duty to their patient.'®'
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While the duty of care and the doctrine of fiduciary duty are central features of clinical
practice and would likely extend to the conduct of clinical research,' the nature of the
relationship between a “pure” researcher and research participant and the existence and
extent of professional duties is less clear. With the development of national and international
genomic biobanks, the issue of managing clinically relevant test results discovered
incidentally in the course of research is a pressing issue. Susan Wolf noted recently:'®

The debate over return of individual research results and incidental findings

to study participants is a key frontier in research ethics and practice. This

is fundamentally a problem of translational science—a question of when
information about an individual that is generated in research should be
communicated for clinical attention, particularly as technologies such as
whole-genome sequencing and whole-exome sequencing are increasingly used
in clinical care. There is growing consensus that investigators should offer
participants at least those individual findings of high clinical importance and
actionability. Increasing attention to what information biobanks and secondary
researchers owe people who provide data and specimens offers an opportunity
to treat these source individuals as research partners. Cutting-edge issues include
return of results in pediatric populations and return to kin and family, both
before and after the death of the proband, as well as how to manage incidental
findings in clinical sequencing.

Given the debate regarding the extent of researchers’ obligations to research participants
when genomic testing identifies clinically significant health information, the following
considers arguments against, and in favour, of recognizing a duty of disclosure for
clinically significant results in the case of research.

Arguments against the return of individual research results

There are several arguments that militate against returning significant results obtained in
the context of pure research, such as biobank research. A primary argument is that it may
act as a form of “inducement” to participate in research. An expectation of receiving
significant results could change the nature of altruistically donating DNA or tissue for
research purposes to providing an opportunity for a genomic health “warrant of fitness”.
This may reinforce a belief that the participant will directly benefit from participating

in research (the so-called “therapeutic misconception”) when the traditional goal of
research is not to confer individual health benefits, but rather to produce generalisable
data.'®*

Other concerns regarding obligations of disclosure are more pragmatic, such as the

burden that returning clinically significant results may impose on researchers in terms of
interpreting results and the use of scarce resources in following up participants. Although
WGS research generates significant amounts of data that are not amenable to manual
oversight, some research groups have established automated systems that can facilitate the
return of results to researchers.'® However actual disclosure to participants can be resource-
intensive, may diminish research budgets and negatively impact on work-force requirements.
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Another concern is that some results that have uncertain significance may generate
health anxiety for recipients of the information, or trigger a cascade of further
investigations.'® Significantly any results that are generated in a research laboratory
would need to be validated in a clinical laboratory, which poses additional research costs.

While these considerations are not insignificant, the following considers the arguments
for a presumption in favour of disclosure.

A legal duty or an ethical obligation to return genomic research results?

In a short but seminal article regarding researchers’ obligations to participants, legal
academic Michelle Meyer reinforces the US Belmont Report’s concept of a research subject
as essentially a “volunteer”.'"” The Belmont Report, commissioned by the National
Commission for the Protection of Human Subjects of Biomedical and Behavioral
Research following the infamous Tuskegee Study, is based on three fundamental
principles: respect for persons, beneficence, and justice.'®

Meyer argues that while physicians have fiduciary duties to their patients, the fiduciary
relationship does not extend to research/biobank participants stating:

Physicians have such a duty to their patients, but by definition research seeks
not to serve the interests of participants but to create generalizable knowledge
designed to benefit society and future patients. Thus, if biobank research is
properly entered into, the volunteer will understand that she has donated

her time and tissue to, and undertaken certain privacy risks in service of, an
essentially altruistic end (better understanding and treatment of complex
diseases) from which she may well never directly benefit. While subjects serve
as means to this end, they are not mere means, because in making an informed

decision to volunteer, they adopt this end as their own.'®

In the context of biobanks, Meyer posits that the researcher-subject relationship is better
conceptualised as a type of “arms-length donative contract—an agreement under which
the donor-subject agrees to make a gift to the donee-researcher, who arguably holds the
gift in trust for society”.'” However she also concedes that the donee/researcher has
duties to disclose “material information” to prospective donors regarding the study, and

to allow the participant to withdraw at any time.'"!

Significantly, Meyer argues that this donative contract does not provide any moral or legal
obligation to return research results to participants, dismissing claims that participants are
essentially owed their results as compensation for their participation. However, again using
the analogy of contract law, Meyer argues that there may be instances where researchers
may have a moral obligation to return some results to participants.
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She states:!'*?

A contract’s terms, however, must not sink to the level of unconscionability.
Researchers are not fiduciaries for subjects, but they do not have lesser
obligations to subjects than they do to third parties, and we all have moral (if not
legal) duties to rescue or warn others, especially when we are uniquely positioned
to do so, with minimal risk to ourselves. Agreements that purport to contract
around this duty—such as those providing that researchers will not return

results indicating that a subject might have a serious but treatable or preventable
disease—are presumptively unconscionable.

Meyer goes so far as to state that a duty to warn may possibly exist even when a subject
has expressed a preference not to be warned:'*

It is worth noting that even here, where researchers might be thought to have
the strongest obligation to honor preferences about returning results, it is not
clear that the subject’s preferences alone determine whether the researcher
must disclose ... The familial nature of genetic information arguably extends
a researcher’s duty to warn to subject’s relatives, whose preference may have
independent weight.

While some stakeholders may sympathise with this non-individualist view, it is arguably
problematic to subordinate research participant’s own wishes regarding the return

of results. This fails to respect the autonomy of research participants, based on an
assumption that reporting of results will benefit third parties.

While Meyer concludes that there is no legal obligation on researchers to return results
to research participants—it is clear that she is not claiming that researchers ought not

to offer results to participants. Rather she considers that given empirical data that
participants often wish to receive results, “researchers ought to move cautiously in the
direction of returning most results”. '** However the implications of returning results
should be made known when eliciting the preferences of participants because, she posits,
fewer participants may wish to be offered the option of receiving results if they know the
opportunity-cost of returning results is that less research may be conducted.

This potential for participants to re-think their preference for the return of results is
supported by a recent study. It involved 4961 members of the general public, 533 genetic
health professionals, 843 non-genetic health professionals and 607 genomic researchers.
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The authors state:'®

Although the empirical data from this research show that all four stakeholder
groups are in favour of returning genomic results of percewed utility to research
participants, we also show that when pushed, no stakeholder group actually
expects these to be provided in a research setting if doing so would compromise
the ability of researchers to answer their research question. Hence, policy does
not need to obligate researchers to return IFs from research sequencing studies.
Policy development in this area should take into account not only the empirical
data from stakeholders, as well as the ethical debate, but also other compelling
practical considerations — most notably, the confidence (or lack thereof) with
which such variant data can be accurately interpreted and the implications for
successful and financially viable research.

Ultimately Meyer emphasises the distinction between arguments that support the return
of results, versus equating this with normative rules of return. Normative arguments for
return of results that are based on participants’ preferences or that researchers “ought

to offer results out of supererogation [going beyond which is strictly required by way of
duty] or prudence are not the same as arguments that they must do so, and the distinction

is worth preserving”.'%

While Meyer may be correct that, in the particular context of research biobanks it is
unlikely that fiduciary obligations exist that require the return of clinically significant
results, it is not the case that other types of research (therapeutic or non-therapeutic) will
not create fiduciary obligations.'?” For example the fact that the student in Halushka was a
willing volunteer did not preclude the finding that the nature of the research relationship
triggered fiduciary obligations that, in the particular case, were badly breached.!'

In summary, although there is an arguable moral obligation to return individual research
results that indicate an unequivocal health or welfare risk to the subject in the context of
pure research, it is based on the moral duty to rescue, rather than a duty based on legal
obligations.'”

This approach has been adopted in some current guidelines in Europe and North

20 where a general consensus has emerged that researchers should consider

America,
returning IF to participants that reveal a significant risk of a serious health condition and
the participant’s willingness to receive such results has been previously established during

the informed consent process.

There are several reasons to support a presumption in favour of broad disclosure of
genctic research findings to participants.””! The first of these is the interest an individual
has in knowing personal information that may have a positive health outcome or benefit—
which is grounded in the principle of beneficence. Another is that information sharing
may encourage greater acceptance of genetic testing, and will lead to greater participation
in genomic research. Some commentators claim that the concept of reciprocity suggests
that volunteers should receive access to the knowledge that their participation in research
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engenders, which extends to individual research results.””? Ultimately it is often claimed that
return of results demonstrates respect for the research participant.

In contrast the arguments against return of genomic information to research subjects (as
opposed to patients in a clinical setting) are generally based on non-maleficence.”® Most
research subjects have a limited understanding of genetics. As already discussed, not all
gene-disease associations recorded in human mutation databases are accurate or reliable.
Return of clinically significant but not clearly actionable IF could induce anxiety or stress.
In addition, there is a risk that such information could lead to an increase in potentially
harmful and unnecessary follow-up testing in an attempt to determine the relevance of
information.”* Yet the fact that these challenges exist is not a definitive claim against the
presumption in favour of returning results. Rather it suggests mechanisms are required to
prevent, minimise, or mitigate the potential risks associated with disclosure.”

While the preceding analysis considers the arguments for and against a presumption in
favour of disclosing clinically significant IE, the following considers normative arguments
for establishing a legal framework governing IF.

Ancillary care obligations and genomic research: a normative claim?

Prominent legal academic Roger Brownsword has examined the putative obligations
on researchers regarding genomics research participants through the lens of emerging
“ancillary care” literature.’”® Brownsword’s approach is normative—that is he considers
how we ought to deal with the question of what obligations, if any, researchers may owe
participants in genomic research biobanks.

Brownsword’s long and distinguished career studying the interface between law and
technology is premised on a particular idea of what he calls a “moral community”. His
analysis is framed on the basis of what he calls a hypothetical “community of rights”,
rather than being guided by predominantly utilitarian or duty-based principles. He
explains the rationale for this normative approach:*’’

Given that a community of rights is a particular kind of moral community, it
must systematically embed a moral standpoint (in the formal sense), and because
it is a community of rights, the substantive moral approach embedded is rights-
led. The significance of this latter point is that, by taking a rights-led approach,
such a community distinguishes itself from its two principal rivals, namely those
communities in which the governing ethic is, in the one case, utility maximizing
and, in the other, duty driven.

Brownsword’s approach is synonymous with a Rawlsian or Dworkinian approach of
“taking rights seriously”.?”® This approach privileges notions of individual rights over
conceptions of the common good and is antithetical to utilitarianism. Another feature
of Brownsword’s community of rights is that it is a “reflective and interpretive
society”.?” This means that although its commitments and standards are “binding
and universalisable”, it also “constantly keeps under review the question of whether
the current interpretation” of its standards “is the best interpretation”.?’ The
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challenge for such a community is determining what rights ought to be recognised,
their appropriate scope, and how conflicts between rights-holders are managed.

A particularly important question is whether positive rights should be recognised in a
community, and the extent of the corresponding responsibilities that should be imposed
on other(s) (ie not freely assumed).

In determining the moral contours of a community of rights, Brownsword uses the
hypothetical example of experienced swimmer (A) who witnesses another swimmer
getting into difficulties (B). He asks whether a community of rights would, because of its
baseline moral standards, fix A with a positive obligation to rescue in the circumstances?
Although a community of rights would recognise such a background obligation, the vital
issue is under what conditions the duty arises. Brownsword posits three considerations
that assist in determining whether there is a prima facie responsibility to assist:

1. first B must be in a position and have the capacity to provide assistance;

2. itis reasonable to require assistance in the circumstances-because taking into account
A's own interest is not a case of supererogation?'! or imposing an unfair burden on A;
and

3. requiring assistance would not involve the rescuee taking unfair advantage of
the rescuer.

Using this as a theoretical platform, Brownsword uses the example of the UK Biobank
to consider how a community of rights might respond to the proposition that biobank
contributors have a reasonable expectation that researchers will respond to their need for
ancillary care.

The UK Biobank is solely a research resource, but it is plausible that researchers may
become aware of a serious health problem about which the participant is completely
unaware. Applying Brownsword’s test, the preliminary question is whether it is in a
position to assist a participant, and whether it has the capacity to do so. Given that
the researchers have information that is material to the health and wellbeing of the
participant—the simple answer to the preliminary question is yes. The more difficult
issue is whether it is required to disclose the information.

In determining this issue Brownsword’s test requires an assessment of whether the
demand made of the Biobank is reasonable “relative to its own essential interests”.*"* It
is here that there is room for debate. The Biobank’s essential interest is the conduct of
research, and the reasonableness of a requirement to disclose clinical information must be
judged relative to this fundamental endeavor.

While the burden involved in contacting individual participants and facilitating
disclosure is not insignificant, it is not apparent that it would be an unreasonable
expectation, even if inconvenient. This is particularly so if the information concerned
a serious medical condition directly implicating the participant’s interests, and the
participant cannot plausibly be construed as taking unfair advantage of the Biobank
research institution.
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Brownsword concludes:?"*

Seemingly, then, the Biobank has a prima facie background obligation to feed
back to participants important personal medical information where it happens

to have it. This is not to suggest that the Biobank should actively seck out such
information for all participants or offer treatment to them; nor does this discount
the possibility that the Biobank might face competing or conflicting rights claims
advanced by the potential beneficiaries of its research activities. Nevertheless,
relative to the four-stage test, a participant’s claimed right to be informed where
the Biobank knowingly holds (and withholds) relevant medical information surely
gets to first base.

While it is likely that this analysis would be replicated in a legal system that is
underpinned by the same ethic of Brownsword’s hypothetical ‘community of rights’, the
question is how it might translate into our extant legal system. That is how would the
courts respond to a claim of a reasonable expectation of ancillary care, in the form of
informational disclosure, in contract or in tort?

Although the landmark case of Donoghue v Stevenson*'* established the rule that “one
should take reasonable care to avoid acts or omissions that one can reasonably foresee

as having an injurious effect on other agents” (i.c. the “neighbor” principle), subsequent
decisions have been cautious about extending the circumstances in which a legal duty of
care will be recognised.?”” The “default ethic” that implicitly informs such legal regimes
is arguably one of self-reliance and individualism; i.e. the law has been more willing to
recognise and enforce negative rights (right not to be harmed by another) than to impose
positive rights and duties to rescue. Brownsword cites Lord Hoffman’s justification for
this policy approach:*'®

It is one thing for the law to say that a person who undertakes some activity shall
take reasonable care not to cause damage to others. It is another thing for the
law to require that a person who is doing nothing in particular shall take steps

to prevent another from suffering harm ... One can put the matter in political,
moral or economic terms. In political terms it is less of an invasion of an
individual’s freedom for the law to require him to consider the safety of others in
his actions than to impose upon him a duty to rescue or protect.

Consequently in the absence of an express or even implicit assumption of responsibility
or the existence of a special relationship between researcher and research participant, it

is not likely that the law would be overly sympathetic to a claim based on a reasonable
expectation of a positive act of assistance in the form of disclosure.?'” While theoretically
a reasonable expectation of informational disclosure could be argued on the basis that the
relationship between the Biobank and the participants is analogous to a patient-doctor
relationship and thus a duty to provide any “material” information to a participant arises,
this analogy does not seem tenable in the case of a research-only Biobank.
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Brownsword concludes that traditional common law regimes are not likely to find a
claim of a positive duty of informational disclosure on the basis of ancillary care. But
importantly, he also observes that national courts may not be the best institutions to
develop policy in this area. He concludes that:*'®

... once ancillary-care responsibilities are taken seriously, it should be possible
for research ethics committees to translate the relevant background requirements
into the foreground commitments of research protocols and, moreover, to do so
in such a way that improves the prospect of the reasonable expectations of all
stakeholders being satisfied.

Somewhat ironically, if such a policy is established at the national level it may eventually
assume a quasi-legal effect. That is, in the absence of a specific undertaking to provide
such assistance a participant could claim a reasonable expectation of receiving ancillary
care from researchers based on it being common practice; or alternatively it could

be claimed on the basis of an external standard such as international or professional
guidelines.”"” As researchers from the Baylor-Hopkins Center for Mendelian Genomics
recently noted, consensus is “building” that primary and incidental findings from exomic

and genomic research should be offered to participants under some circumstances.**

Summary

It is likely that as sequencing becomes more reliable and more links between genes
and diseases are confirmed, the interpretation of variants will become more precise.
Nevertheless, the nature of genetic variability means that there will always be some

221

uncertainty regarding gene-disease associations as well as the impact of IF and VOUS.
It is more likely that a degree of consensus may be found regarding the management of
IF in the clinical context than in the research context, particularly in regard to known
gene-disease associations.?*

In the course of clinical research, the ordinary duty of care owed to a patient by a
clinician remains. Consequently, the disclosure of incidental genomic findings within
the clinical setting is not contentious and is legally required subject to clinical judgement
regarding the clinical significance of the finding, the information a reasonable patient in
that patient’s circumstances would expect to receive, as well as the patient’s right not to
know. However, the extent of the duty owed by a researcher to a research participant is
less straight-forward.

Although this analysis rejects construing research subjects as mere “volunteers”, the
extent of the duties that are putatively owed to research participants is context-specific.
In the context of research, any duty to disclose information is likely to be derived

from ethical principles, rather than from a legal obligation to inform a participant of a
material result discovered in the course of research. Determining whether there is an
ethical duty to provide information disclosure in any case requires consideration of the
institutional capacity to return results and its implications on the research endeavor in
general, such as the effect on detracting resources from the research effort itself, and the
reasonableness of the requirement taking into account the relative burden imposed.
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It is also pertinent that clinical investigations may reveal findings that extend beyond those
relevant to the primary clinical issue. Consequently, the implication of integrating genomic
research into clinical care has significant implications for clinicians. Knoppers notes:**

The possibility of incidental findings from WGS testing means not only that
the clinician’s duty to inform the patient will expand but also that there will

be the need to offer choices to the patient as to whether they want to be so
informed. The duty to follow will also be affected as the significance of such
results becomes clear over time. Although there is no duty to hunt, the delimitation
of the duty to follow one’s patient over time is a topic for urgent discussion.
Professional guidance is also needed, as reflected by the 2013 Report of the
Presidential Commission for

the Study of Bioethical Issues and the subsequent 2014 discussion of the
ACMG guidance. The German National Ethics Council has also called for
standards, as has the UK PHG Foundation and the Canadian College of
Medical Geneticists. In short, professional guidance on the return of incidental
findings should be obtained before ordering WGS, even in the clinical context
(emphasis added).

As noted, determining whether or not to disclose incidental findings discovered in the
course of a clinical relationship is less contentious than decisions regarding the return
of research results. In the context of pure research this analysis suggests that there is an
ethical duty to return clinically significant results to an individual, unless doing so would
impose an unreasonable burden on the researchers or unless there is a compelling/good
reason for non-disclosure. This presumption in favour of returning clinically significant
results to adults is subject to obtaining the participant’s consent to return.
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Options for managing return of genomic incidental
findings

Genomic research may differ in significant ways. Currently there is no consensus as to how
information generated in the course of clinical testing and research should be managed.?**

Given the challenges associated with WGS/WES (specifically consent to testing, return

of results, counselling and confidentiality) there has been a proliferation of guidance
formulated by professional organisations, think tanks and, to a lesser extent, legislatures.
However, no global consensus has emerged. Internationally there are varying clinical
approaches to the identification and return of genomic results, each placing different
emphasis on patient autonomy and the clinician/researcher obligations. A recent survey
undertaken by Knoppers et al identified four different approaches to the return of genomic

results that reflect different professional attitudes, cultures and legal frameworks.?®

1. No results are returned (research only).

This default research option of not returning any results is premised on the
traditional view that providing individual results to research participants creates

a therapeutic misconception,* which conflicts with the primary goal of research
which is to discover generalisable findings.?” Ostensibly providing information as a
quid-pro-quo for taking part in research risks giving “mixed messages”. However as the
discussion above suggests, there are good reasons to question whether this traditional
view should always apply in the genomic context.

2. Results are returned on an ad hoc case-by-case basis

Some policies facilitate flexible arrangements, whereby a laboratory will report
results, but it is left to the individual clinician or researcher to determine the
appropriate action in the circumstances. Consequently, a researcher may consult an
ethics committee for advice when an unforeseen IF occurs, or a clinician may consult
a colleague. However, there are disadvantages associated with this approach. It
presupposes that physicians can interpret genetic results, and or that researchers can
determine with constitutes a “clinically significant” finding.

3. Targeting sequences or panels of specific genes to reduce IF in
clinical testing and research

Many of the challenges associated with generating large amounts of genomic
information may be avoided by limiting sequencing so that it is targeted as narrowly
as possible. Some commentators suggest that in the context of ciinical WGS, the sole
focus should be on providing diagnoses and avoiding opportunistic screening. This
may be achieved, to some extent, by the use of filters.?*

Similarly, in the research context some researchers may selectively filter data in an
attempt to reduce the likelihood of identifying incidental findings.*® Despite such
attempts it is unlikely that the potential for discovery of IF will be eradicated, some
of which will be of unknown effect. I'urther by their nature some investigations may
require examining large segments of the genome.



4. “Binning”: return of results based on ACA criteria: analytical
validity, clinical significance and actionability

A fourth option is to essentially triage results and return those results that are
scientifically reliable and clinically useful. In a seminal 2011 paper, Berg and
colleagues set out a comprehensive means of categorising unexpected findings that
are generated in genomic sequencing.**

various “bins” depending on the known effect of a particular gene or variation.

This approach groups genomic results into

Determining a result’s appropriate bin involves a tripartite assessment of: analytic
validity (the test accurately identifies a specific genotype), clinical validity

(it consistently predicts a genetic condition), and clinical utility (actionability:

1.e. preventive or treatment options are available).

A broader tool created by the US Centers for Disease Control and Prevention (CDC
2013) to evaluate genetic tests and assist in genomic policy development contains an
additional evaluative limb (ACCE). This requires considering the ethical, legal and
social implications of a genetic test when determining the advisability of returning
results. This would require consideration of issues such as the potential for a test

to generate participant distress such as stigma or discrimination, as well as the

implications of a test result for others.?!
Figure 4: Proposed System for ‘Binning’ of incidental WGS results**
it Clinical Utility Clinical Validity Unknoveainios)
Implications
Bins: Bin1 Bin 2A Bin 2B Bin 2C
Medically Low risk Medium risk High risk
incidental information information information Bifi3
information "
$ Examples: BRCA1/2 PGx variants APOE Huntington Aliother loci
5 MLH1, MSH2 and common Carrier status for Prion diseases
(6] FBN1 risk SNPs recessive ALS (SOD1)
NF1 Mendelian
disorders
Estimated 10s
number of 10s (eventually 1000s 10s ~20,000
genes/loci: 100s — 1000s)
Alleles that would be reportable (YES) or not reportable (NO) in a clinical context
Known 1 4 1
Seletorions YES YES/NO YES/NO YES/NO
Presumed
%) 1
‘€ | deleterious YES YES/NO
©
.g .
Presume
> benign

N/A: not applicable; VUS: Variant of uncertain significance
! Reporting through decision making with an appropriate provider if elected by the patient.

? By definition, variants in genes with unknown implications could not be considered deleterious.

* By definition, SNPs or PGx variants will either be present or absent.

*Variants in genes with unknown clinical implications would not be reported; however, they may serve as an important
substrate for research, potentially uncovering new disease genes.

Fig. 1. Proposed system for “binning” of incidental WGS results
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As Berg and colleagues explain, Bin 1 houses incidental/unexpected genes or
variants that are known to be serious and are clinically actionable, which are
categorically reported. Bin 2 contains clinically valid, but not directly actionable
findings that are subcategorised according to low, medium and high risk incidental
findings. These findings are not routinely returned but may be returned depending
on individual patient preference. Bin 3 encompasses findings of unknown clinical
significance, which are not returned.

Some research studies, such as the UK10K project, have adopted similar processes
for feeding back clinically significant findings to research participants as part of its
governance framework.?*

Most international guidelines permit participants to opt-out of receiving findings that
are not directly relevant to the research being undertaken, or which are outside of

the primary indication for the clinical test.”** The capacity to “opt-out” of receiving
information is premised on protecting an individual’s interest in not knowing
unsolicited genetic information, which is reinforced by the Universal Declaration

on the Human Genome and Human rights (UNESCO) and in the Convention on
Human Rights and Biomedicine of the Council of Europe that declares a right not to
know genomic information.

In Australia recent guidelines developed by the National Health and Medical Research
Clouncil conclude that, in the clinical context, the return of IF is dependent upon
whether a patient has consented to their return.* In the case of research, return of
incidental findings will be dependent on the particular research protocol but, when
return “is feasible, and the results are adequately validated, informed individuals
participating in research should have autonomy to decide whether or not to request
return of incidental findings”.*** However, it also cautions that IF should only be
returned following testing in an accredited laboratory (to confirm a result that originated
in a research/non-clinical laboratory) and with appropriate genetic counseling.*’

A new approach: personalising testing and results disclosure in
clinical and research genomics?

While it is apparent that determining which category a finding falls into is a matter
for experts, research participants and patients are likely to have different views
regarding disclosure of what results should be returned to participants. Some studies
indicate that research protocols may be crafted in such a way that the return of
results i3 effectively “personalised”. Hallowell et al describe several studies that have
adopted this approach:**

Shahmirzadi et al** informed the patients in their study that their
diagnostic exome sequencing might generate a number of ‘secondary’
findings and asked them to choose what type of additional findings
they received. Even though the clinical team in this instance made the
initial judgement about which categories of additional findings could be
disclosed (ie, carrier status for recessive diseases, cancer predisposition

mutations, early-onset disease and late-onset disease) and which specific
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findings fell into these categories in any particular case, this study
demonstrated that it is possible to incorporate some form of shared
decision making in the disclosure of WGS and WES findings in a clinical
situation despite the ACMG recommendations on clinical sequencing,
which advised against offering patients such choices.* It is also interesting
to note that 16% of adult patients in this study opted out of receiving
additional findings in one or more categories. This observation suggests
that non disclosure of some findings that are unrelated to the original
diagnostic question is valued by some patients.*!

Hallowell et al also note that personalising feedback has major implications for the

informed consent process:**?

... allowing research participants to have a greater role in choosing

the type of information they receive has recently been supported by
Anastova et al, who have called for research participant input into the
use of filtering algorithms used in WGS research.?”® Arguably, enabling
individual research participants to determine which WGS or WES
findings are to be returned, if any, opens the door to the personalisation
of feedback, which in turn would require personalising consent
processes. However, as Kaye et al point out,** despite the scale of some
research projects, this could easily be achieved by the use of information
technologies and web-based platforms, which could also be used to
provide access to different types of research findings. In this scenario,
participants would be responsible for determining what level of research
participation they consent to, and thus, which results they would access.
For example, individuals could opt to receive feedback about the generic
results of the research study (we found gene X in our study population),
the family’s results (we found gene X in members of your kinship) or

their personal results (we found gene X in you).?*

One biobank research group at Boston’s Children’s Hospital (BCH) has gone to
considerable lengths to determine participant preferences regarding results, while
also acknowledging a duty to prevent harm to its paediatric participants. The study,
called the Gene Partnership (GP), involves a longitudinal paediatric repository for
the study of the genetic and environmental contributions to childhood health and
disease at BCH. The research links biospecimens and genetic data to phenotypic
data abstracted from a participant’s electronic medical record.

The researchers have instituted mechanisms to balance respect for participant
preferences regarding information with concerns regarding the ability of recipients
to understand the information elicited; the risk of medical and psychosocial harm
from disclosure of results; and increased demands on the research enterprise. The
group utilises ethical review and oversight by an oversight body, the Informed Cohort



Oversight Board (ICOB). Over a three-year period the ICOB formulated guidelines
that focus on providing accurate and understandable results according to participant

preferences in a manner that minimises harm. The researchers explain:**¢

The preference-based approach that we have taken is also grounded

on the view that participants have a moral claim for results but goes a
step further by allowing them to modulate that claim according to their
own assessments of their interests. This approach places a high value on
participant autonomy and the right to know, or not to know, information
that may affect their health.**” This approach acknowledges the personal
248

meaning of genomic information to participants**® and is sometimes

designated as “personal utility,”?* in contrast to actionability, which,
although important to consider, may not completely encompass the

range of findings that many participants desire.

The GP has identified and operationalised several strategies to minimise or mitigate
the risk of harm when returning results under what they call the “Informed Cohort

Model”:?°

A key feature of the Informed Cohort is the ability of participants to
set their preferences for return of individual research results and to
change them over time. This model evolved into the three-dimensional
“Multidimensional Results Reporting” model, ' which incorporates
participant preferences, communicability of the result (i.e., how likely it
is that the information contained in the result will be understood by the
participant), and the significance of the result (analytic validity, clinical
validity, and possibility for medical intervention) into the decision-making
process for return of individual genomic information. The Informed
Cohort model hypothesizes that respecting participant autonomy by
taking into account personal preferences for results provides the most
benefit and least harm to participants. At the same time, oversight by
the ICOB is essential to establish a protective framework so that the
Informed Cohort can safely return research results to participants while
ensuring maximal respect for participant preferences.*?

The GP imposes some limits on the return of results, such as results that lack analytic

or clinical validity. In addition, results for a minor child (< 18) are generally not
returned if they implicate reproductive risk or intrude on the child’s “sphere of

privacy”.*¥ This encompasses late onset diseases for which there is no treatment (e.g:

Huntington Disease), carrier status and nonmedical traits (e.g athletic ability). However

some late-onset disorders that may have implications for other family members (eg
BR(CA genes, female carrier of an X-linked mutation) may be disclosed in accordance

with parental preferences. In rare instances where parents have declined disclosure of a
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result that predicts a risk of serious preventable harm (eg juvenile leukaemia) the ICOB
will consider disclosing the result to a treating physician.

What is notable about the BCH approach to personalisation is the research
infrastructure they have established. Further, the ICOB implemented several

novel strategies to mitigate the risk of harm, including the requirement that any
researchers seeking access to GP data for proposed studies should be able to support
individual results, and tests are performed in a CLIA-certified laboratory.

A duty to follow / recontact?

Establishing an “incidental pipeline” to manage data derived from research-based
sequencing or untargeted clinical sequencing depends upon algorithms that provide
efficient and evidence-based analysis of variants. It also requires access to genomic
expertise to advise on issues regarding the generation, interpretation, and use of
genomic information.®*

Even when an incidental pipeline is established, it is possible that new or revised
information may subsequently emerge. Consequently, while a genomic test may constitute
a single test, it may nevertheless be subject to long-term analysis and revision. In such a
context, does the clinician or researcher have a duty to re-contact sequenced individuals?

In legal terms this requires consideration of three broad questions. The first is whether
there is a duty of care between the patient/subject and the clinician/researcher in

the circumstances. This will require consideration as to whether there has been an
assumption of responsibility between the patient/subject and the clinician/researcher
and whether it is on-going. Second is whether it is foreseeable that, if information
regarding a gene-disease association is not disclosed to the individual, the individual
will suffer harm. Even if the first two questions are answered affirmatively, it is then
necessary to consider if it is reasonable, as an issue of public policy, to impose a duty on
the clinician or researcher to recontact in this situation. This would require consideration
of the burdens associated with imposing such a duty and its down-stream effects, and
where the public interest lays overall.

Research Governance in New Zealand

Health and Disability Ethics Committees (HDECs) are responsible for considering
whether proposed health and disability research is consistent with the ethical standards
established by the National Ethics Advisory Committee (NEAC).”* These standards are
the Ethical Guidelines for Observational Studies and the Ethical Guidelines for Intervention studies.™®
However it was emphasised in recent changes to the framework for ethical review that the
role of HDEC: is to “check ethical issues, rather than scientific or governance issues”.*’
Health and disability research studies require HDEC review if participants are recruited
in their capacity as consumers of health or disability support services.?® Studies funded
by the Health Research Council of New Zealand (HRC) also require HDEC review,
unless they are able to be reviewed by an institutional ethics committee approved by the
HRC’s Ethics Committee (HRCEC).*? Establishing a tissue bank also requires HDEC
review.”” HDECis are required to consider governance arrangements, the circumstances
in which stored tissue may be provided to researchers, and “where relevant, details of
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whether and how donors and their relatives will be provided with clinically significant
information obtained as a result of research on their tissue.”!

In addition, a study that involves the use, collection or storage of human tissue requires
HDEC review unless “informed consent (which may include informed consent to
future unspecified research) has been obtained for such use, and tissue will not be made
available to researchers in a form that could reasonably be expected to identify the
individual(s) concerned”.*®?

The Ministry of Health Guidelines on the Use of Human Tissue for Future Unspectfied Research
Purposes™ permits researchers to obtain consent for the use of tissue in future unspecified
research, subject to certain requirements. It specifies the information that must be provided
to donors when obtaining consent. Amongst other things, researchers are required to
inform the donor whether they “may be contacted in the future regarding their tissue
sample” and “whether or not, and under what circumstances, information about the future
unspecified research will be made available to the donor and/or (where relevant) their
clinician”.?* Before granting ethical approval for a researcher to obtain consent to use of
human tissue for future unspecified use, the HDEC must be “satisfied” that:*%

there are appropriate procedures and processes in place to recontact the donor
or their clinician where researchers have agreed to provide clinically relevant
information that arises from the research.

Although HDEC review may not be required for every case involving the use, collection

or storage of human tissue if informed consent had been obtained to such use and the
information de-identified, it seems that HDEC review would still be necessary if research
participants are recruited when acting as consumers of health or disability support services.

Conclusion

Genomic research has considerable implications for individuals, it also raises specific
additional concerns for indigenous peoples in New Zealand.?*® While clinical genomic
testing is governed by the general medico-legal framework in New Zealand, there is

no clear policy regarding the management of IF discovered in the course of genomic
research. Internationally there is a lack of agreement regarding the management of
such genomic information and returning clinically relevant findings following genomic
testing, including biobank research.? The various ways in which professional and
national bodies have addressed these challenges in their respective policy documents are

illustrated in tables provided in the Appendices to this report.*®

This analysis has argued that physicians have a duty to inform patients in the context

of clinical genomics regarding the potential for IE, and to act in accordance with the
patient’s preferences regarding disclosure in the case of clinically significant IF. The Code
of Rights supports recognising such a duty in the clinical context, and may also apply in
the case of pure research.
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While there is no clear legal requirement to return clinically significant IFs to genomics
research participants, there are strong ethical arguments in favour of doing so. These
arguments support a presumption that investigators always consider instituting a process
for managing IF when they have capacity to do so, and when it does not impose an
unreasonable burden on the researcher or the research project. This presumptive
obligation to ensure participants are informed of clinically significant findings in the
context of genomic research is also subject to certain additional requirements, including
clinical validation of a test result (if the original study was conducted in a research
laboratory), that consent to disclosure of IF has been obtained from the participant when
they consented to the research, and there is a mechanism to ensure the disclosure of
genetic results by a suitably qualified person.

This conclusion requires that clinicians and researchers consider how IF will be managed
when undertaking clinical testing or when formulating a research protocol. It requires
clinicians and researchers to inform participants in advance of the potential for IF, the
implications of receiving an IF, including the familial nature of the information and
implications for insurance,? and to ascertain the participant’s preferences regarding
return of information. In the context of research, investigators need to consider the
boundaries of the “incidental pipeline” 1.e. what kinds of results will, and will not be
reported, a process for validating any test result generated in a research laboratory, and
determining who will have responsibility for disclosing the information to participants.

The approach advocated here is supported by the current policy approach to health
research in New Zealand. The NEAC has established ethical standards to guide
researchers and the HDEC reviewing such research proposals,”’® which are currently
contained in the Ethical Guidelines for Intervention Studies®”" and the Ethical Guidelines for
Observational Studies.*” These policies are applicable to all health and disability research,
regardless of whether the research comes within the HDEC review remit.?”

The Ethical Guidelines for Intervention Studies states that investigators must provide
information to participants,””* which should include foreseeable risks and side effects of
participation, including risks to family members.?” It also provides that participants (and
their main care provider) “must be informed” if in the course of an intervention study,
any clinically significant abnormal laboratory result or clinical observation is detected.?’
Specifically, the guidelines provide that if a study identifies a previously undetected
health care need in a participant that is unrelated to the study, arrangements “should”

be made for the participant to receive the necessary care.”’”” This research governance
framework clearly endorses the concept of researchers assuming significant obligations in
regard to research subjects, which may be extrapolated to the genomic research context.
In addition, the most recent iteration of the Council for International Organizations of
Medical Sciences (CIOMS) International Ethical Guidelines for Health-related Research Involving
Humans noted that there is an “emerging consensus” that some findings must be returned

to participants.?’®
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Given this analysis it seems necessary to formulate clear, transparent and consistent
M iy P

guidelines governing the management of incidental findings in both the clinical and

research context in New Zealand.””? As Knoppers et al state:**

While we are moving forward in our understanding of interpreting the clinical
relevance of results from WGS-based genetic testing, the question of whether to
return is becoming how to return, who should return and when to return. This
requires anticipatory governance and interoperable policies, as well as sound
management to ensure that the resources, both financial and professional, are in
place to undertake such a task.

While this chapter has been concerned with outlining the nature of genomic testing and
its implications for patients, participants, clinicians and researchers, the remainder of this
report specifically examines issues arising from genomics in two particularly challenging
areas: the paediatric context and in the reproductive realm.
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