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Abstract: Reproductive genetic carrier screening (RGCS) provides people with information about
their chance of having children with autosomal recessive or X-linked genetic conditions, enabling
informed reproductive decision-making. RGCS is recommended to be offered to all couples during
preconception or in early pregnancy. However, cost and a lack of awareness may prevent access. To
address this, the Australian Government funded Mackenzie’s Mission—the Australian Reproductive
Genetic Carrier Screening Project. Mackenzie’s Mission aims to assess the acceptability and feasibility
of an easily accessible RGCS program, provided free of charge to the participant. In study Phase 1,
implementation needs were mapped, and key study elements were developed. In Phase 2, RGCS
is being offered by healthcare providers educated by the study team. Reproductive couples who
provide consent are screened for over 1200 genes associated with >750 serious, childhood-onset
genetic conditions. Those with an increased chance result are provided comprehensive genetic
counseling support. Reproductive couples, recruiting healthcare providers, and study team members
are also invited to complete surveys and/or interviews. In Phase 3, a mixed-methods analysis
will be undertaken to assess the program outcomes, psychosocial implications and implementation
considerations alongside an ongoing bioethical analysis and a health economic evaluation. Findings
will inform the implementation of an ethically robust RGCS program.

Keywords: reproductive genetic carrier screening; implementation science; bioethics; health eco-
nomics; psychosocial outcomes

1. Background

Reproductive genetic carrier screening (RGCS) is a form of genetic testing that pro-
vides prospective parents with information about their chance of having children with
severe autosomal recessive and X-linked genetic conditions, thus promoting choice and
reproductive autonomy [1,2]. While individually rare, it is estimated that 1-2% of reproduc-
tive couples have an increased chance of having children impacted by such conditions [3,4].
Such couples (henceforth referred to as ‘increased chance couples’) may choose to access
reproductive options either to avoid, or to plan and prepare for the birth of children with
the condition in accordance with their values [5]. These options include prenatal diagno-
sis (PND), in vitro fertilization (IVF) with preimplantation genetic testing for monogenic
disorders (PGT-M), using donor gametes, adoption/fostering or not having children.

Families can comprise a broad range of structures, and parents may or may not have
genetic links with their child (for example, if gamete or embryo donors are used). With
respect to RGCS, there are two ‘genetic parents’ (of male and female sex) for the prospective
or current pregnancy who can be considered the ‘reproductive couple’. It is important to
acknowledge non-genetic parents who may also be involved in the RGCS process with
respect to pre-test deliberation and reproductive decision-making. Thus, when referring to
‘couples’ engaging in RGCS, we refer to the collective group who will use the information
gained from RGCS to inform future reproductive choices.
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In the past, RGCS was primarily offered to those from certain ethnic backgrounds
with a high disease prevalence. However, the recessive nature of these conditions, barriers
in family communication of genetic information, and delayed or underdiagnosis of genetic
conditions mean most affected children are born to parents who have no known prior
history of the condition [6]. Additionally, as populations become increasingly multiethnic,
relying on ethnicity ceases to be an effective way to guide offers of RGCS [7,8]. Numerous
peak bodies now recognize RGCS as relevant to all people planning a pregnancy or in early
pregnancy regardless of family history or ethnicity [9-11].

Research demonstrates there is interest in and support for RGCS, provided it is optional
and those offered screening are given sufficient time and information to consider their
decision [9,12-15]. Research has shown increased chance couples may initially express
shock and anxiety [16], however, over time report feeling empowered by the information
and the ability to make value-congruent reproductive choices [17,18]. These findings
highlight the importance of providing RGCS within a model that incorporates informed
decision-making with high-quality pre-test information and the provision of appropriate
genetic counseling support [18,19].

Internationally, there is substantial variation in access to RGCS, as well as differences in
the number and type of conditions screened, how results are returned and managed, if the
reproductive couple is screened sequentially or simultaneously, and whether government-
funded RGCS is available [1,2]. In Australia, RGCS is currently available largely on a user-
pays basis, through commercial entities. However, the Australian Federal Government’s
Department of Health recently announced a plan for government-funded carrier screening
for three conditions (cystic fibrosis, spinal muscular atrophy and fragile X syndrome) to be
implemented in late 2023.

RGCS is usually ordered through healthcare providers, such as general practitioners,
obstetricians, midwives, fertility specialists and genetic health professionals. Barriers to
RGCS, including test costs and a lack of awareness amongst healthcare providers and the
general community, mean that most increased chance couples are not given the opportunity
to learn this information prior to the birth of an affected child [20]. Currently, most people
who access RGCS do so in early pregnancy, despite this information being most useful prior
to conception [20]. Those accessing RGCS also tend to live in metropolitan areas and utilize
private healthcare [20-22]. Given this inequality in access, a population-based screening
approach would enable RGCS to be made more widely available.

In 2017, Mackenzie Casella, the daughter of Rachael and Jonathan Casella, died at
7 months of age from spinal muscular atrophy, an autosomal recessive genetic condition
for which her parents were unknowingly genetic carriers. The Casellas had not been made
aware that RGCS for spinal muscular atrophy was possible and available, before or during
their pregnancy. Since then, the Casellas have been vocal advocates for RGCS and, along
with patient support organizations, healthcare practitioners, genetic health professionals
and relevant peak bodies, have lobbied the Australian Government for funded RGCS.
In 2018, it was announced the Government would fund a large national research study
named after Mackenzie [23,24]. Here, we describe the design of this study: Mackenzie’s
Mission (MM)—the Australian Reproductive Genetic Carrier Screening Project.

2. Methods
2.1. Funding and Ethics Committee Approval

This study was funded by the Australian Government’s Medical Research Future
Fund as part of the Genomics Health Futures Mission. Human Research Ethics Committee
(HREC) approval was obtained to conduct the study in all Australian states and territories
(see Supplementary File S1 for a list of HREC approvals). Site-specific governance approval
was obtained for recruitment through 22 publicly funded healthcare services (hospitals
and clinical genetics services). Site-specific governance approval was not required for
recruitment in private healthcare settings (general practice, private obstetrics, midwifery
and ultrasound, and some fertility services) as HREC approval was deemed to be suffi-
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cient. In addition to the incidental recruitment of Aboriginal and Torres Strait Islander
participants, specific HREC approval was obtained to purposefully recruit in Indigenous
healthcare settings.

2.2. Aims

The primary aim of MM is to develop and implement a free, easily accessible RGCS
program, and assess its feasibility and acceptability. Objectives include:

e  toassess program outcomes, including, the offer and uptake of RGCS, frequency of
increased chance couples, and their reproductive decisions and outcomes;

e tounderstand the screening experience by measuring psychosocial impacts, including
anxiety, factors influencing decision-making, decisional conflict and regret;

e to evaluate the implementation of RGCS by identifying possible barriers and enablers
for key stakeholders, including people offered screening, healthcare providers (HCPs),
and clinical and laboratory services delivering RGCS;
to assess the health economic implications of RGCS;
to understand the bioethical aspects of RGCS and explore the ethical issues arising
during the implementation and evaluation of the program.

2.3. Study Governance

The MM governance structure is summarized in Figure 1. The study is administered by
Australian Genomics [25], a national research network that has a charter to build evidence
for the integration of genomic medicine into the healthcare system.

Executive Program
Team Coordinator

Research
Committee

Recruitment Variant

Education & Gene
Review Engagement Selection
Committee Committee Committee

Laboratory

& Clinical i
Committee

Committee

Operations Team

Figure 1. Mackenzie’s Mission’s governance structure.

MM has a National Steering Committee and an International Advisory Group who
advise on the strategic direction, research activities and implementation of the study. An
Indigenous Advisory Group was convened to advise on the development of a culturally
appropriate recruitment approach and materials for Aboriginal and Torres Strait Islander
participants. The study also has input from the Australian Genomics Community Advisory
Group and established its own Community Reference Group, who have provided input
into the design and language of the participant materials and advised on accessibility.

Six project committees were established to oversee key aspects of the study: Gene
Selection, Laboratory, Variant Review, Education and Engagement, Research, and Recruit-
ment and Clinical. The membership of these committees includes representatives from all
Australian states and territories, professional bodies including the Royal Australian and
New Zealand College of Obstetricians and Gynaecologists (RANZCOG), Royal Australian
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College of General Practitioners (RACGP), Human Genetics Society of Australasia (HGSA),
and Royal College of Pathologists of Australasia (RCPA), as well as professionals involved
in the delivery of RGCS.

The MM study team comprises an Executive Team (the Study Leads, Program Coordi-
nator and Managing Director of Australian Genomics) and an Operations Team (medical
scientists, genetic counselors, clinical geneticists, researchers and administrative staff).

2.4. Study Design

The MM study design is outlined in Figure 2. The study commenced in 2019 with an
initial plan to recruit 10,000 couples and a completion date of December 2021. However,
the SARS-CoV-2 pandemic impacted recruitment and laboratory testing. Thus, the study
was extended with a revised recruitment target of 8350 couples and a completion date of
December 2022. A longer-term follow-up of the reproductive outcomes will be undertaken
in subsequent years.

The study comprises three phases: (1) Pre-implementation, which involved study
design and development (2019); (2) Implementation, which comprises the two stages of
(2a) Piloting and early implementation (2020), and (2b) Nation-wide implementation (2021-2022);
and (3) Post-implementation, assessing outcomes (2022 and beyond). The recruitment of
couples was designed to occur in a staged manner, with the rate of recruitment increasing
progressively over the course of the study. In Phase 2a, screening was offered in four
states/territories: the Australian Capital Territory (ACT), New South Wales (NSW), Victoria
(VIC) and Western Australia (WA). In Phase 2b, screening was extended to all Australian
states and territories, including the Northern Territory (NT), Queensland (QLD), South
Australia (SA) and Tasmania (TAS).

Evaluation of the Mackenzie’s Mission Reproductive Genetic Carrier Screening Program

As MM is a research study, evaluation is embedded throughout. There are four re-
search streams taking an integrated approach to evaluating the program: psychosocial
and epidemiology; bioethics; health economics; and implementation science. Within the
psychosocial and epidemiology, health economics, and implementation science streams,
empirical research is being conducted using a mixed-methods approach. Data sources
include HCPs, people offered RGCS through MM, and the MM study team. The health eco-
nomics analysis includes an assessment of the health economic impacts of RGCS using data
from the literature, the MM study, and data provided by clinical and laboratory services. A
bioethics critical analysis, exploring the relevant ethical issues and recommendations for
how they can be addressed in the future delivery of RGCS, is being undertaken in parallel.
This has focused on the ethical aspects of delivering RGCS at the population scale and has
included a consideration of issues such as gene selection and reporting, ethical frameworks,
eugenics, and condition severity [5,26-30]. Bioethical perspectives and analysis have been
integrated into the consideration of ethical issues that arise throughout MM, and ethical
dilemmas encountered while implementing MM have informed the focus of conceptual
bioethics research. Collectively, the outcomes from each research stream will inform the
development and future implementation of RGCS in Australia.

2.5. Phase 1—Pre-Implementation: Study Design and Development

Figure 2 summarizes the key stages of study Phase 1. During this stage, the Indigenous
and Community Reference groups were established, and began to have input into the study
design and development.
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Figure 2. Mackenzie’s Mission’s study design showing the implementation phases.

@ The processes were piloted in four states/territories (Phase 2a) before national
implementation (Phase 2b).

2.5.1. Mapping Implementation Needs

To explore the initial HCP knowledge and perspectives on RGCS, and to identify
the potential barriers and facilitators to offering RGCS to people in usual care, an HCP
survey was developed (HCP survey 1) [31]. This survey used the validated Patient Safety
Behaviour Survey [32] informed by the Theoretical Domains Framework, a behavior change
framework comprising a compilation of both psychological and organizational theories,
which influence behavior and behavioral change [33]. HCPs who may offer RGCS to people
seen in their usual practice were approached opportunistically at relevant conference
presentations, education seminars and professional meetings, and asked to complete
the survey.

Discussions were undertaken with clinical, laboratory and administrative staff experi-
enced in genetic testing and screening service delivery to understand the elements required
to be incorporated into the RGCS program design. Particular attention was focused on
ensuring the appropriate resources and supports were in place for increased chance cou-
ples, as access can vary by geographical location and healthcare setting across Australia.
Physicians specializing in conditions/groups of conditions were engaged and informed
about the study in recognition that they may need to be called upon to provide increased
chance couples with further information on the condition.

2.5.2. Developing the Recruitment Approach

To aid this research, an electronic study database was created and housed in the
Research Electronic Data Capture (REDCap) platform hosted at the Murdoch Children’s
Research Institute [34,35]. To plan for a future, widely accessible RGCS program, it was
essential to capture the experience of delivering the screening in a variety of settings. In
Australia, healthcare is multifaceted and provided through services that are funded pub-
licly and/or privately; thus, recruitment needed to represent all avenues through which
people currently access pre- and early pregnancy healthcare in Australia. General practice,
obstetrics, midwifery, ultrasound, fertility and genetics services were identified as potential
healthcare settings in which recruitment could occur. Multiple strategies were used to
identify recruiting clinics and HCPs (referred to as rHCPs hereafter), including through:
existing networks established through their involvement in delivering RGCS or prena-



J. Pers. Med. 2022, 12,1781

7 of 25

tal screening services; Primary Healthcare Networks (groups of independent Australian
Government-funded organizations that coordinate primary healthcare in their region); prac-
titioner education events; online searches of practitioners in particular geographic areas;
posts on selected relevant social media groups; presentations at conferences; professional
networks; word of mouth; and snowball sampling by rHCPs. It was considered essential to
recruit as representative of a sample of the Australian population as possible to ensure wide
generalizability of the research outcomes from the study. Recruitment targets were set to
ensure the representation of people in a variety of geographic areas across Australia using
2016 birth rates in defined geographic regions [36]. Recruitment targets also incorporated
the proportion of people accessing public and private healthcare in each region [37].
Previous studies show that HCPs who currently provide pre- and early pregnancy care
are ideally placed to introduce the notion of RGCS, but that time, a lack of knowledge about
RGCS, and competing priorities are barriers to them offering RGCS [38,39]. To address
these challenges, an online portal was developed for participant enrollment, education
and consent, thereby reducing the requirements of rHCPs to provide detailed information
about RGCS. Eligibility criteria were designed to be deliberately broad to enable a wide
range of people to take part (Table 1). An effort has been directed to ensure that the study is
accessible to people from a broad spectrum of ethnicities, including Aboriginal and Torres
Strait Islander people, people with limited English, those without computer/Internet access
and those with disabilities. People who already know that they have an increased chance
of having children with a serious genetic condition (due to family history and/or previous
genetic testing) are included in the study so they can access RGCS for other conditions.

Table 1. Inclusion and exclusion criteria.

Inclusion Criteria Exclusion Criteria

e  Planning to become pregnant or in
early pregnancy (9 weeks and 6 e  Pregnant and 10 weeks of gestation or greater ?

days of gestation or less ?)

e  Both members of the reproductive e  Only one member of the reproductive couple
couple are available to participate in agrees to participate in the study
the study and provide a sample e  Both members of the reproductive couple are
for testing not available to be tested at the same time

e A donor(s) is being used for the pregnancy and

e If a donor(s) is being used for the the donor(s) is/are not available for testing, or
pregnancy, the donor(s) must be an anonymous donor is being used
available to provide a sample for e A donor(s) is being used for the pregnancy and
testing and consent to having RGCS not all people involved in the pregnancy agree

to participate in the study

e  Both members of the reproductive e One or both members of the reproductive
couple are aged 18 years or over couple are less than 18 years old

2 To ensure results are returned in an appropriate timeframe, gestation cut-offs for each state/territory were
established for cases where screening had occurred in early pregnancy. The gestation cut-off for enrollment in
MM and undergoing RGCS has changed throughout the course of the study. When participant recruitment first
commenced, only non-pregnant couples were eligible to enroll in the study. As the study progressed, recruitment
numbers and test turnaround times at the three laboratories providing the RGCS were carefully monitored. The
recruitment of couples in early pregnancy began when test turnaround times had become sufficiently fast enough
to be able to return results in an ethically and clinical acceptable timeframe. Impacts of the SARS-CoV-2 pandemic,
workplace restrictions and postage considerations also required reassessment of gestation cut-offs at various
points during the study. For simplicity, we refer to a gestation cut-off of less than 10 weeks at enrollment and less
than 11 weeks at sample receipt by the laboratory, as these have been the latest possible gestation cut-offs utilized
and evaluated during the study.

2.5.3. Developing Education Materials

Phase 1 also involved developing education materials for rtHCPs and participants.
rHCP education was initially delivered by the study’s genetic counselors in each state
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with the use of a PowerPoint presentation either in the rHCP’s clinic or via videoconfer-
encing. The educational content was refined over time with feedback from rHCPs. Once
finalized, the PowerPoint presentation was recorded and offered as an option for rHCPs
to view in their own time. An online education module was also developed for rHCPs,
which comprised written information, videos, infographics and a quiz to self-assess key
knowledge concepts.

An education module for potential participants invited to take part in the study by
their rHCP was developed comprising videos, infographics and knowledge questions.
The education module informs participants about the study and assists them in deciding
whether to have RGCS. The information conveyed outlines: Mackenzie’s story; the study
aims; RGCS; the types of genetic conditions included in the screening; inheritance patterns;
what it means to be a genetic carrier; how the screening process works; the limitations
of the screening; and the possible outcomes of screening, including reproductive options
for increased chance couples. A decision aid, which supports decision-making based on
consideration of the benefits and limitations of screening with respect to the participant’s
views and beliefs, was developed based on previous relevant decision aids [40,41] and is
described in detail elsewhere [42].

2.5.4. Developing the Enrollment and Participation Process

An online participant portal, including the education module and decision aid, was
designed as a convenient way for couples who were invited to take part in the study by
their rHCP to enroll and participate. The participant portal was designed by the digital
health technology company, Curve Tomorrow, based on the design of the Australian
Genomics dynamic consent platform, ‘CTRL’ [43], and with involvement from the MM
study team. The participant portal is a web application accessible from smartphones, tablets
and computers. Information entered into the participant portal is automatically transferred
into the MM electronic study database. Each couple accesses the portal with a unique
access code, linked to their rHCP. This access code is provided by the rHCP on a study
invitation form (see Supplementary File S2) either in hard copy or electronically. On one
side of the invitation form is a brief description of the study and instructions for how to
access the participant portal, and on the reverse, is a test request form which is completed
by the rHCP to be used for those who accept RGCS.

To capture the breadth of views on RGCS, the portal was designed to allow for the
participation of: those who want to have the screening, those who do not, and those
who are unsure. The portal includes: a short introductory video on the study; eligibility
questions; a provision of consent to participate in the research; a collection of demographic
information; the education module; the optional decision aid [42]; clinical consent for RGCS;
an evaluation survey; and optional dynamic consent preferences for data sharing.

Consent for undergoing RGCS is separate from the consent to take part in the research
study, so that the RGCS consent can be provided after the participant has viewed the
education module and engaged with the decision aid. The RGCS consent process includes:
the purpose of screening; limitations; possible outcomes; the use of information gained
through the genetic carrier screening; and data sharing for research. Optional consent
preferences for data sharing with other research studies were adapted from the Australian
Genomics CTRL platform [43], using a dynamic approach which allows participants to
revisit the participant portal and change their preferences at any time.

To maximize accessibility, modified enrollment pathways were developed to support
enrollment for people conceiving using a known egg, sperm or embryo donor(s), people
with limited English, Aboriginal and Torres Strait Islander people, those who do not have
computer/Internet access, and people with disabilities. For people conceiving using a
known donor(s) (including the ‘genetic parents’, the person/people who will be parent-
ing/raising the child /ren and the surrogate (if surrogacy is involved)), a separate online
enrollment pathway was developed to accommodate and involve the various possible
family structures, using inclusive language. A separate online enrollment pathway, with
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content translated into Arabic and Simplified Chinese (the two most commonly spoken
languages in Australia other than English), was also developed for people not fluent in En-
glish. A researcher-assisted telephone enrollment pathway was developed for people who
require additional support with enrollment, including those who speak other languages
and require an interpreter. Hard copy enrollment forms were developed for participants
unable to access the online participant portal. To ensure the representation of Aboriginal
and Torres Strait Islander people, the study team worked with specific Indigenous health
services to develop a tailored recruitment approach involving visual recruitment aids, hard
copy enrollment forms and a supported enrollment process. The participant portal was
designed in accordance with accessibility principles and standards, to make it accessible to
people with disabilities. A free-call study phone number was established and staffed during
office hours by the study’s genetic counselors to respond to participants” questions and pro-
vide support as needed. All components of the participant portal and modified enrollment
pathways were reviewed by key stakeholders including the Community Reference Group.

2.5.5. Designing the Data Collection Tools

Data collection tools were developed and piloted to assess the experience and out-
comes of participating rHCPs, those offered RGCS and the MM study team.

Data Collection Tools for Recruiting Healthcare Providers

To understand influences on rHCP behavior, surveys and interviews were developed
based on the Theoretical Domains Framework and Capability, Opportunity, and Motivation
Behaviour Framework [44]. Surveys were developed to be administered at the following
timepoints during the program: prior to rHCP education (HCP survey 2), after the rHCP
had been recruiting for 8-12 weeks (HCP survey 3), and toward the end of the study (HCP
survey 4). A subset of purposely sampled rHCPs, including higher and lower recruiters,
and rHCPs from different geographic areas, were invited to take part in an interview.
Table 2 provides further detail of these rHCP data collection tools and the focus for each.

Table 2. Data collection tools for recruiting HCPs in the Mackenzie’s Mission study 2.

Timepoint

Data Collection Tool(s) Main Focus of Data Collection

Prior to education to become
an rHCP

Potential barriers to implementing RGCS

Factors that might influence confidence/ability to refer people
HCP survey 2 for RGCS

Readiness to change practice

Knowledge of concepts relating to RGCS

Eight to 12 weeks after
rHCP education

Knowledge of concepts relating to RGCS and study processes
Attitudes toward RGCS and factors influencing recruitment,
such as knowledge, ability and confidence
HCP survey 3 e  Views on factors that may influence patient accessibility to
HCP interview guide P RGCS, including socioeconomic status, geographic location,
language, cultural background, health literacy and disability
e  Reasons for offering/not offering the study to patients and the
reasons patients provide when they decline to take part

Toward the end of the study

HCP survey 4 e  Rating identified facilitators to offering RGCS

2 HCP survey 1 is not included in this table as it was administered to HCPs prior to their involvement in MM.
b Interviews are being conducted by telephone or video conference, and audio-recorded.

Data Collection Tools for People Offered Screening

The first step in developing the participant data collection tools involved identify-
ing the key study time points (see Figure 3): at invitation to take part in MM (T0); at
enrollment (T1); at testing, i.e., around the time when the reproductive couple provides
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samples for RGCS (T2); at the time of the genetic counseling appointment (for increased
chance couples, T3a); 3 months post result (T3); and 12 months post result (T4). Surveys
and interview guides were developed based on previous research in this area, and the
research and clinical experience of the study team. The surveys include a combination of
validated scales and purpose-designed questions. Table 3 summarizes the data collection
tools developed for each of the timepoints.

Data Collection Tools for the Study Team

Data collection tools were developed to collect key implementation data from the MM
study team. These included: the generation of a standing agenda item in most study team
meetings that asked for implementation insights; a guide for interviews with members
of the study team that explored barriers and enablers to the implementation of the RGCS
program, and lessons learnt; and a time capsule survey that recorded the study team’s
predictions of the research objectives and assessed whether these were achieved at the end
of the study. From the implementation science perspective, there was a specific focus on
collecting the experiential knowledge of the genetic counselors who were recruiting and
supporting rHCPs, via regular meetings with the study genetic counselors.

2.5.6. Designing the Reproductive Genetic Carrier Screen and Establishing
Screening Processes

A key element in the pre-implementation phase was designing the MM RGCS and es-
tablishing the screening process. A simultaneous screening approach was chosen to enable
the screening of both reproductive partners at the same time, with a report providing a
combined assessment of reproductive risk for the reproductive couple. Using this approach,
individual genetic carrier status for autosomal recessive conditions is not reported [54,55].
This is based on the observation that, when screening for a large number of genes, most
people are genetic carriers for at least one condition [56], but the majority (around 98%) of
reproductive couples are not genetic carriers for the same condition(s); thus, together, they
have a low chance of having children with the conditions screened. With a large gene list,
the individual analysis and reporting of individual genetic carrier results is burdensome
for laboratories and would create a heavy demand on genetic counseling services. For
example, one study showed the median time to provide genetic counseling to an individual
following expanded RGCS is 64 min [57]. Limiting the reporting of variants to couples
identified to have an increased chance of having an affected child allows the focus of
resources to be directed toward those couples who can benefit the most from the screening.
For X-linked conditions, an analysis is performed for the female member of the couple, as
this result allows for the assessment of the chance of an X-linked condition affecting their
children. There are very rare, X-linked conditions for which males typically have mild to
no clinical features, whereas females can be severely affected; for example EFNB1, which
is associated with craniofrontonasal dysplasia and is included in the MM gene list. There
are also some genes located in the pseudoautosomal regions of the X and Y chromosomes,
for example SHOX; biallelic pathogenic variants are associated with Langer mesomelic
dysplasia and the gene is included in the MM gene list. These regions are the same in both
the X and Y chromosomes and, from an inheritance perspective, behave as though they are
on one of the autosomes (chromosomes 1-22), making it necessary to analyze the data from
both partners, as for autosomal recessive conditions.

The screening assays were developed based on published methods with a focus on
providing clinically useful information while minimizing the potential harms and risks.
Laboratory testing was provided by three National Association of Testing Authorities
(NATA, [58]) clinically accredited laboratories: NSW Health Pathology, Randwick Genomics
Laboratory in NSW; Victorian Clinical Genetics Services (VCGS) in VIC; and PathWest
Laboratory Medicine in WA. A collaborative partnership between the three laboratories
was established to enable the sharing of experiences and expertise through the development
and implementation of MM.
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Figure 3. Data collection timepoints for people offered reproductive genetic carrier screening in the Mackenzie’s Mission study.

a Participants who do not complete the enrollment or decline screening may also complete this survey.
b Participants who do not return their mouth swab kit may also complete this survey.
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The process for selecting the genes to include in the MM RGCS is described else-
where [59]. Briefly, the goal was to create a list best suited to the Australian healthcare
system, the population screening model of MM and Australian societal values. This process
was overseen by the Gene Selection Committee and included genes that are associated
with severe childhood-onset conditions. When testing commenced, the initial gene list
comprised approximately 1300 genes associated with around 750 genetic conditions. A
process for regular review was established to allow for genes to be added and removed
from the list during the study; the final version of the list used during the study includes
1281 genes (Supplementary File S3). Several important factors were considered when de-
veloping the gene list, including that many genes are associated with conditions of varying
severity. The identification of couples with an increased chance of having children with a
mild condition, with a minimal impact on quality of life, was not the intention of the study.
Genetic variants known to be associated with a mild form of a condition are not reported.
An example is CFTR p.Argl17His (c.350G > A ), which is not considered reportable unless
the CFTR ¢.1210-12T [5_9]('IVS8 polyT’) 5T variant is also identified in the individual [60].

In Australia, approximately 25 autosomal recessive genetic conditions are included in
newborn screening. Panels differ between states and territories, although the Australian
Federal Government has announced plans to unify and expand the newborn screening
program. Several genes associated with conditions that have an effective treatment were
included on the MM gene list, including some conditions screened as part of newborn
screening. This is because, for some conditions, there may be benefit in initiating treatment
prior to newborn screening results being returned (e.g., IVD, which is associated with
isovaleric acidemia) or for which the treatment is associated with significant burdens [59].
Genes associated with conditions currently included in newborn screening for which the
treatment is effective and considered less burdensome (e.g., TSHR, which is associated with
congenital hypothyroidism) were excluded from the MM gene list [59].

Additionally, one gene (BRCA2) was excluded from the MM gene list despite its
association with Fanconi anemia, complementation group D1 [59]. Heterozygous BRCA2
pathogenic variants are associated with an increased chance of developing cancers such
as breast and ovarian cancer, the implications of which were considered outside the scope
of the study [59]. Research is being conducted to explore participant attitudes toward
receiving personal health information from RGCS.

To minimize barriers, screening was designed to be performed on mouth swab samples,
which could be posted directly to the reproductive couple and returned by mail. The mouth
swab sample kits include user-friendly instructions and a link to a video demonstrating
how to self-collect the sample. This approach is a convenient, pain-free sampling method,
enabling couples to consider RGCS and provide samples in their own time. This approach
also ensured that paired samples are received at the same time, reducing the requirement in
the laboratory for storing and matching samples at a later date, as well as having to contact
either member of the couple to remind them to send in their samples. Additionally, the
quantity and quality of DNA obtained from the swabs is confirmed to be sufficient for all
required tests, with a low rate of failure and an infrequent need for recollections. A process
was established to assess family and personal history information provided by participants,
to ensure the RGCS is appropriate for those couples for whom there is a family or personal
history of a condition associated with a gene on the MM gene list. A section was included
in the electronic study database to enable the collection of information about the RGCS
results and details on variant curation.
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Table 3. Data collection for people offered reproductive genetic carrier screening in the Mackenzie’s Mission study.

Stage of Participation = Time Point Data Collection Method Focus Area Detail Including Standard Measure Scales
Brief demographics
Survey Reason(s) for declining
e  Reason(s) for declining the offering of Interest in participating in an interview
Pre-enrollment 12 offer MM ) ) . o . . o
e Decision-making Experience of being invited to take part in Mackenzie’s Mission
Interview Decision-making process and factors influencing the decision to
decline
Attitudes toward RGCS
Detailed demographics
Knowledge check pre and post the education module ?
Decision aid P [42]
Factors influencing the decision to accept or decline RGCS
Survey e  Participant demographics State Trait Anxiety Inventory (STAI)—trait anxiety (day-to-day
e  Knowledge of RGCS anxiety) measured using the 20-item T-anxiety scale from the
Tl ®  Response to being offered RGCS STAI Form Y [45] € and state anxiety (anxiety about a current
At enrollment hd Decision-making event) measured using the 6-item STAI-6 [46] d
Pre result e  Motivations to accept or decline RGCS Australian Quality of Life Instrument (AQoL-4D) © [47]
Experience of being invited to take part in MM
Interview Decision-making process and factors influencing decision
Broader attitudes toward RGCS
T2 Surve e Decision-making at the time of Mot.iv'atio?s ang.decisi?ngmaking process and approach
At testing y providing the genetic sample Decisional Conflict Scale * [48]
STAI-6
T3a e  Genetic counseling outcomes .
Post result At genetic Survey (increased chance %ouples only) pre- Genomics Outcome Scale & [49,50]
counseling and post-appointment STAL-6
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Table 3. Cont.

Stage of Participation = Time Point Data Collection Method Focus Area Detail Including Standard Measure Scales

e  Multidimensional Measure of Informed Choice (MMIC) b
(repetition of portal knowledge questions and attitudes
sub-scale developed by Marteau, et al. [51], and adapted by
Martyn, et al. [52]

Decision Regret Scale  [53]

Professional support

Reproductive plans

Genomics Outcome Scale

STAI-6

AQoL-4D

Broader attitudes toward RGCS

T3 Survey

3 months post e  Understanding and making meaning
result of the result

e  Use of the information in reproductive decision-making and

Interview . - . .
family communication of genetic information

Knowledge retention (repetition of portal knowledge questions)
Decision Regret Scale

Reproductive intentions and outcomes

Professional and social support

Family communication

STAI-6

AQoL-4D

Broader attitudes toward RGCS

T4 Survey

12 months post
result

Long-term psychosocial impact of
results and reproductive
intentions/outcomes

e  Use of the information in reproductive decision-making and

Interview . - . .
family communication of genetic information

2 Knowledge: 10 purpose-designed statements about RGCS, participants respond with “True”, “False” or “Unsure”. ® Decision aid: Scored on a continuous scale (15-75), where <44 = leaning away from screening,
45 = unsure and >46 leaning toward screening [42]. € Participants respond to statements about how they generally feel using a Likert scale in which 1 = almost never and 4 = almost always. Scores are summed to produce a
total score ranging from 20-80 [45]. ¢ Participants respond as according to how they feel in the present moment. The mean score is multiplied by 20 to produce a total score ranging from 20-80 [46]. Higher scores indicate
greater anxiety. ¢ Measures quality of life across four domains (3 items in each): independent living, relationships, mental health and senses. A combined utility score is derived, where 1 = best health state and —0.04 = worst
health state [47]. f Consists of 16 items across 5 subscales (informed, values clarity, support, uncertainty and effective decision). Participants respond to statements using a Likert scale in which 0 = strongly agree and
4 = strongly disagree. Total scores are converted to a range from 0 to 100, where <25 = no decisional conflict, 25-37.5 = moderate decisional conflict and >37.5 = high decisional conflict [48]. 8 Measures empowerment as an
outcome of genetic counseling. Participants respond to 6 statements using a Likert scale in which 1 = strongly disagree and 5 = strongly agree. Scores range from 0-5 with higher scores = greater empowerment [49]. ! The
attitudes dimension was administered within the decision aid and at T3. ! Contains 5 statements with 5 response options (1 = strongly agree and 5 = strongly disagree). Scores range from 0~100 with higher scores indicating
greater regret [53].



J. Pers. Med. 2022, 12, 1781

15 of 25

2.6. Phase 2—Implementation

As described in Figure 2, Phase 2 consists of two stages. During Phase 2a (2020), a small
recruitment pilot was first undertaken in order to trial and refine the online enrollment and
RGCS processes. The RGCS program was then implemented in four states/territories; this
enabled the various aspects of the RGCS program to be further refined to ensure seamless
implementation in Phase 2b (2021-2022), where the RGCS program was extended to all
other Australian states and territories.

2.6.1. Healthcare Provider Recruitment

Contact was made with HCPs and information about the study was provided either
in person or via letter, telephone, fax and/or email. For interested HCPs, a link to the HCP
survey 2 was sent via email and education was provided through either: a presentation
by a study genetic counselor in person or via video conference, a recorded presentation,
or an online education module. Some of these rtHCPs participated in a trial of education
approaches undertaken by the study implementation science team which will be described
and reported separately. rHCPs were provided with their own batch of hard copy and/or
electronic study invitation/test request forms, each with a unique access code for the
participant portal linked to them. Once the rHCP had completed the education module
and received their forms, they were able to start recruiting participants.

Recruitment rates for each rHCP have been closely monitored for the purpose of
evaluating the geographic reach of the study and to ensure the representativeness of the
sample. Where targets have been achieved for geographic regions, recruitment has ceased
in that region or rHCPs have been restricted to recruiting patients from certain postcodes.
Regular email newsletters/bulletins are sent to rHCPs summarizing study progress and
key updates.

During Phase 2, the implementation science research team and Operations team co-
designed and implemented several strategies to support tHCPs to offer RGCS, including
a video demonstrating how to offer RGCS, posters for waiting and clinic rooms, regu-
lar contact with the MM study team, and an evaluation of different education strategies.
Data from the HCP survey 2 and study genetic counselor experiences were then syn-
thesized to generate modified implementation strategies that were later trialed (to be
reported separately).

2.6.2. Inviting People to Take Part in Mackenzie’s Mission

After completing the study’s HCP education module, rHCPs began inviting couples
who met the eligibility criteria to take part in the study. The rHCP makes this offer to one
or both members of the couple—whoever attends the healthcare appointment. Potential
participants are informed the study is investigating people’s views and perspectives about
RGCS and that participation involves an offer of free screening. If the offer to take part
is accepted, they are given a study invitation/test request form and are asked to follow
the instructions on the form to enroll in the study online. The rHCP emphasizes that
the purpose of the study is to understand the perspectives of those offered RGCS and
that those who do not want to undergo RGCS, or are unsure, are welcome to participate
and share their views. Those who decline the invitation to take part are provided with
a short, optional decliner survey, including the option to leave their contact details to be
invited for an interview, which they are asked to complete and return at the clinic reception.
Those who do not complete this survey decline all involvement in the study. Where an
rHCP identifies that a participant would benefit from enrolling via a modified enrollment
pathway, or where a potential participant requests support to enroll, contact is made with
the local study team who facilitate enrollment.

2.6.3. Enrollment

For those wanting to participate in the study, one member of the couple accesses
the online participant portal via a web link and enters the unique access code provided
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on the study invitation form. They are then asked to complete questions to assess their
eligibility for the study. If the couple does not meet the eligibility criteria, the portal
indicates they are not eligible to take part in the study and are unable to proceed further. If
the couple meets the eligibility criteria, the participant is prompted to create an account in
the portal. They are then asked to provide the contact details of their reproductive partner,
who is automatically emailed a link to create their own account in the participant portal.
Both reproductive partners complete the full enrollment process in parallel in their own
time; this can be completed in one sitting, or participants can log back into the portal to
complete their enrollment later. All participants, regardless of whether they choose to have
a screening, complete a set of questions for the program evaluation (T1, Table 3). For a
couple to access RGCS through the study, the full enrollment process must be completed
by both reproductive partners. A small number of purposively sampled participants who
commenced enrollment in the study have been invited to take part in an interview (Table 3).

As shown in Figure 3, there are several points in the study at which participants
may drop out of or be lost to follow-up during the enrollment and/or RGCS process.
Follow-up is undertaken via email reminders and, if necessary, a phone call from a study
genetic counselor. If contact is made and reasons for the incomplete enrollment are noted,
participants are recorded as having chosen not to complete enrollment. If enrollment is
completed but the RGCS mouth swab kit is not returned, the couple is recorded as having
chosen not to complete RGCS. Couples who provide research consent but do not complete
the enrollment or RGCS process are still able to be invited to participate in MM research
activities (e.g., interviews) unless they request no further contact.

2.6.4. Laboratory Testing

Mouth swab kits are sent by mail to reproductive couples who accept RGCS. Partici-
pants return the samples by mail along with the test request form provided by their rHCP.
At this time point, they are invited to complete an optional survey (T2, Table 3). Once the
samples are received by the laboratory, RGCS is initiated (Figure 4).

All three laboratories use massively parallel sequencing (MPS) assays to sequence all
genes in the MM gene list. Separate, additional assays are used for FMRI triplet repeat
analysis and SMN1 exon 7 copy number analysis. Two laboratories (NSW Health Pathology
and VCGS) use exome sequencing to provide RGCS for participants in ACT, NSW, NT,
TAS and VIC, while the third laboratory (PathWest) uses a targeted gene panel to provide
RGCS for participants in QLD, SA and WA. The analysis of exome data is bioinformatically
restricted to the genes selected for the study. Copy number variation (CNV) analysis is
being assessed for some genes; see the Supplementary File S4.

For women with small FMR1 expansions in the range of 55 to 69 CGG repeats, AGG
interruption analysis is performed as this can assist in clarifying reproductive risk in carriers
of small premutations [61,62]. Women with 55-64 CGG repeats and one or more AGG
interruptions, and women with 65-69 repeats and two or more AGG interruptions, are
considered to have a low chance of having children with an FMR1 full mutation [62,63].
For SMNT1 carrier testing, one partner is tested initially; if they have two or more copies
of SMN1, the other partner is not tested. If the tested partner is found to be a carrier (i.e.,
has only one copy of SMN1), the second partner is tested to determine if the reproductive
couple has an increased chance of having children with spinal muscular atrophy.
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Figure 4. Laboratory testing and management of results in the Mackenzie’s Mission study.

Sequencing data are assembled, mapped and filtered using each laboratory’s bioinfor-
matics pipeline. Standard filtering criteria are used by all three laboratories, considering
data including the predicted variant impact and variant frequency in population databases.
The curation of all filtered variants follows the American College of Medical Genetics
(ACMG) guidelines, appropriately modified to take into account the specific setting of
testing for carrier status [64]. An increased chance result is issued if pathogenic or likely
pathogenic variants (ACMG Class 5 and 4) that meet the criteria for reporting in the study
are identified in the same autosomal gene in both members of a reproductive couple,
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and/or in a gene on the X chromosome in the female partner. In RGCS, most reproductive
couples have no family history of the genetic condition and no clinical features relating to
carrier status. Therefore, considerable caution is taken regarding the reporting of variants.
In line with the usual clinical practice for exome sequencing and targeted gene panels,
if there is any doubt about the classification of variants, they are reviewed at a weekly
national MM Variant Review Committee teleconference meeting, attended by clinical and
laboratory staff, at which a consensus decision is made regarding the suitability of the vari-
ant for reporting. The weekly Variant Review Committee meeting also serves as the forum
for recording all variants that are reported, including those for which a straightforward
pathogenic classification is possible. If additional information becomes available after a
variant is reported, which may change its classification (e.g., family segregation data), this
is also discussed at the Variant Review Committee. Laboratory reports describe the limita-
tions of the assay, including the possibility that variants may not be identified due to areas
of poor sequencing or other technical limitations, and that variants may not be able to be
classified as likely pathogenic or pathogenic due to the limitations of knowledge at the time
of the report. The RGCS consent process includes information about the possibility that a
pathogenic variant may not be detected or reported, and low risk results are accompanied
by an information sheet that explains these limitations.

2.6.5. Management of Results

Results are reported by the laboratory that performed the testing using a standardized
study report template. The report for the reproductive couple conveys either that the
couple has a low chance of having children with conditions associated with any of the
genes screened, or the couple has an increased chance of having children with one or more
conditions. The results of carrier status for each individual within the reproductive couple
are not issued and only the combined result for the reproductive couple.

Results indicating a low chance of conditions associated with any of the genes screened
are issued to the rHCP by fax, secure email or mail. Both reproductive partners are notified
via email that the result has been uploaded to the secure online participant portal. They
are then able to use their individual login details to access their report and a factsheet
explaining their low chance result. Participants have the option of discussing their result
with a study genetic counselor. For those who enrolled via a modified enrollment pathway,
the result is provided by a study genetic counselor (with an interpreter as required). Where
necessary, correspondence is translated into the relevant language.

When the results indicate an increased chance for one or more of the conditions
screened, a study genetic counselor contacts the rHCP to discuss the result. The couple
is then contacted directly by the genetic counselor. The genetic counselor discusses the
result with the couple by telephone and offers a genetic counseling consultation as soon
as practicable, either face-to-face or via telehealth. When participants using one or more
donor(s) receive an increased chance result, genetic counseling is available to all involved
parties, including those who are not the genetic parents of the current or planned pregnancy
but who would be parenting the child. The genetic counseling consultation (provided
by a genetic counselor, with a clinical geneticist if required) includes a discussion of the
clinical features of the condition, the implications of the result, reproductive options and
implications of the information for relatives, including current children, if relevant. The
study genetic counselors assist people in adjusting to their knowledge of the results and
support their decision-making regarding their reproductive options. If appropriate, access
to subspecialists with expertise in the condition is also available (e.g., a pediatric respiratory
physician for cystic fibrosis, a pediatric neurologist for spinal muscular atrophy, etc.) and,
as available, to the support organization for the relevant condition. A copy of the result is
provided to the couple either before, during or after their genetic counseling consultation
via email /mail/in person, in line with standard clinical practice.

A range of reproductive options is discussed with and offered to participants who
receive an increased chance result, including: PND by chorionic villus sampling or am-
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niocentesis (with the option of pregnancy termination if affected), IVF with PGT-M, using
donor gametes/embryos (with RGCS for the donors), adoption/fostering, choosing not to
have children/more children or choosing not to have any testing. For MM increased chance
couples, PND and PGT-M are available at no charge to the couple so that the study can
assess reproductive choices when cost is not a barrier. Funded PND is provided through the
Australian public healthcare system and one cycle of IVF with PGT-M is funded through
the study in partnership with local IVF services. For all increased chance couples, the local
study clinical team provide comprehensive clinical support around the consideration of
each of these options as well as psychosocial support, referral to specialists if there are
considerations regarding pregnancy management, referral for the termination of pregnancy
if requested, or testing, clinical assessment and management of the baby after birth.

Increased chance couples are asked to complete a survey before and after genetic
counseling (T3a, Table 3). Approximately three months post result, all participants are
invited to complete an online survey, and again approximately 12 months post result
(T3 and T4, respectively, Table 3). Subsets of participants are also invited to take partin a
semi-structured interview at either of these timepoints.

2.7. Phase 3—Post-Implementation: Assessing Outcomes

Phase 3 will commence in the second half of 2022 and will involve an analysis of
the quantitative and qualitative data, and ultimately will report the study findings to the
Australian Government. The results are informing an application for publicly funded
expanded RGCS in Australia which has been submitted through the Medical Services
Advisory Committee (MSAC) [65], an entity that advises the Australian Minister for Health
on tests that should be funded through Medicare, the publicly funded universal healthcare
insurance scheme in Australia.

2.7.1. Proposed Analysis

This observational study involves a mixed-methods approach, integrating data from
across the psychosocial and epidemiology, implementation science, and health economics
research streams, to assess the acceptability and feasibility of the developed RGCS program.
An effort has been made to capture a wide variety of attitudes and views, including of those
who decline the offer of RGCS. These findings will be presented against the background of
the bioethics analysis, which has been undertaken throughout the project.

Quantitative Analysis

Quantitative data will be analyzed using the statistical software packages, STATA 16
and SPSS. Descriptive statistics will be used to summarize the program outcomes including
the RGCS uptake, frequency of increased chance couples and reproductive decisions
made by these couples. Detailed participant characteristics will be reported, with the
representativeness of the participant sample compared to Australian population data
assessed using a minimum dataset (e.g., socioeconomic status via the Index of Relative
Advantage and Disadvantage quintile).

Data will be summarized using descriptive statistics (e.g., means, standard devia-
tions, medians, interquartile ranges, frequency distributions and 95% confidence intervals).
Inferential analysis will include univariable analysis such as x? and Fisher exact tests, unad-
justed logistic regressions for categorical outcomes, and independent, two-tailed ¢-tests or
non-parametric Mann-Whitney U tests for continuous outcomes. A comparison between
participants who had RGCS and participants who did not proceed with RGCS after initi-
ating enrollment will be performed using multivariable logistic regression, adjusting for
significant covariates (p < 0.1 in the univariable analysis).

Psychosocial Outcomes

The primary psychosocial outcome is anxiety, as measured by the State Trait Anxiety
Inventory (STAI) [45]. The STAI is administered from T1-T4 (see Table 3) to enable analysis
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within and across time points. Other psychosocial outcomes to be investigated include
RGCS knowledge, decisional conflict and decision regret. A priori confounders (e.g., the
highest level of education attained) and covariates associated with the outcome at p < 0.1 in
univariable analyses will be included in multivariable analyses. These will take the form
of logistic regression modeling for binary outcomes. As these will be planned analyses,
probability values of <0.05 will be considered statistically significant. To account for missing
data, response bias will be assessed using between-group comparisons of responders and
non-responders at different time points. Inverse probability weights from propensity scores
will then be generated.

Implementation Science

The implementation science research team is using implementation science and behav-
ior change theories, e.g., the Consolidated Framework for Implementation Research [66]
and Theoretical Domains Framework [67], to understand the effectiveness of the imple-
mented RGCS program. Barriers were identified earlier in the implementation phase of
the study and implementation interventions were developed to overcome these (to be
reported separately). A subset of these strategies has been evaluated, with input from the
study genetic counselors, for acceptability and feasibility. Enablers that contributed to the
successful implementation and effectiveness of rHCP education are also being investigated.

Health Economic Analysis

A cost-effectiveness analysis will be conducted taking the costs to the healthcare
system as the perspective. A decision tree model with probabilities based on outcomes
from MM, costs from the Medicare Benefits Schedule and Pharmaceutical Benefits Schedule,
and published data on lifetime costs of disease will be developed. Costs to the health system
include the costs associated with IVF decisions, termination of pregnancy, and the expected
future healthcare costs of maintaining a live birth with a severe inherited genetic condition.
All costs will be standardized to 2022 values. The AQoL-4D will be scored using the
Australian values [47] for both parents to identify any changes in quality of life over
the 12 months of follow-up. A hypothetical comparator will be used to estimate costs
and outcomes for the counterfactual of ‘usual care in the absence of the MM program’.
This counterfactual will assign quality of life weights to both parents using population
norms [68]; for those parents who have a live birth of a child with a genetic condition, a
lower quality of life weight identified from MM and the literature will be assigned for the
duration of the expected survival of the child. A quality of life weight for the child with
a genetic condition will also be assigned for their expected survival. Quality of life and
survival will be combined into quality-adjusted life years (QALYs). All future expected
costs and QALYs will be converted into today’s values, discounted using a 5% rate based
on Australian policy requirements, as stipulated by MSAC [65]. The difference in QALYs
and costs for the MM participants and the counterfactual will be calculated and reported as
an incremental cost-effectiveness ratio. TreeAge Pro (2018) will be used in this analysis.

Qualitative Analysis

Interviews will be transcribed with participants assigned a pseudonym or participant
code. Data will be co-coded and managed using NVivo (QSR International). Thematic
analysis, or content analysis as appropriate, will be used for the analysis of qualitative
interview data. Data gathered from rHCPs and the MM study team will be analyzed using
appropriate implementation science and behavior change frameworks.

2.7.2. Use and Analysis of Genomic Data

When providing consent to RGCS as part of the study, participants are also asked to
provide consent to share their de-identified genomic data to advance the scientific knowl-
edge of genetic conditions. Genomic data generated by the study are stored by the three
laboratories as required by the Australian regulatory body, the National Pathology Accred-



J. Pers. Med. 2022, 12, 1781

21 of 25

itation Advisory Council (NPAAC). Additionally, the data are stored in a re-identifiable
format, in a secure central data repository managed by Australian Genomics. Through a
data access request process, de-identified genomic data can be shared with other ethically
approved research studies and with genomic databases, in accordance with a participant’s
data sharing preferences. The project is currently working with collaborators to gener-
ate harmonized summary data regarding allele frequencies which can be made openly
available to researchers and diagnostic laboratories. Summarized data regarding allele
frequencies will also be made available to researchers and diagnostic laboratories via the
Centre for Population Genomics.

3. Discussion

This study is the first of its kind to investigate the acceptability and feasibility of
a government-funded RGCS program screening over 1000 genes. The rationale behind
the Australian Federal Government’s funding of the MM research study is to investigate
how best to deliver a potential, future, publicly funded, easily accessible RGCS program.
A strength of the study design is the ability to capture attitudes and experiences across
various time points, including at the offer of screening and post result. The study will
provide important data to inform decisions about the implementation of an ethically
robust national RGCS program and inform the development of models for delivering
carrier screening services. Findings will also be presented in scientific publications, at
national and international conferences, disseminated to participants, and a summary
will be available on the study website [23]. To support the translation of study findings
into health services policy and clinical practice, an application has been prepared and
submitted to the MSAC. The aim of the application is to request government funding of
RGCS for a widely accessible and comprehensive screening program. In addition, the
study findings will inform the preparation and submission of recommendations regarding
the implementation of a population-wide RGCS program to both Federal Australian and
State/Territory Governments, and professional bodies including RANZCOG, RACGP,
RCPA and HGSA.

Supplementary Materials: The following supporting information can be downloaded at:
https:/ /www.mdpi.com/article/10.3390/jpm12111781/s1, File S1: List of HREC approvals; File
52: Study invitation form; File S3: MM gene and condition list_V2.2_23.07.2021; File S4: Laboratory
methods [69-73].
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