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Background: A new nationally commissioned NHS England Genomic

Medicine Service (GMS) was recently established to deliver genomic

testing with equity of access for patients affected by rare diseases and

cancer. The overarching aim of this research is to evaluate the

implementation of the GMS during its early years, identify barriers

and enablers to successful implementation, and provide

recommendations for practice. The focus will be on the use of

genomic testing for paediatric rare diseases.

Methods: This will be a four-year mixed-methods research
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programme using clinic observations, interviews and surveys. Study 1
consists of qualitative interviews with designers/implementers of the
GMS in Year 1 of the research programme, along with documentary
analysis to understand the intended outcomes for the Service. These
will be revisited in Year 4 to compare intended outcomes with what
happened in practice, and to identify barriers and facilitators that
were encountered along the way. Study 2 consists of clinic
observations (pre-test counselling and results disclosure) to examine
the interaction between health professionals and parents, along with
follow-up interviews with both after each observation. Study 3 consists
of a longitudinal survey with parents at two timepoints (time of testing
and 12 months post-results) along with follow-up interviews, to
examine parent-reported experiences and outcomes. Study 4 consists
of qualitative interviews and a cross-sectional survey with medical
specialists to identify preparedness, facilitators and challenges to
mainstreaming genomic testing. The use of theory-based and pre-
specified constructs will help generalise the findings and enable
integration across the various sub-studies.

Dissemination: We will disseminate our results to policymakers as
findings emerge, so any suggested changes to service provision can
be considered in a timely manner. A workshop with key stakeholders
will be held in Year 4 to develop and agree a set of recommendations
for practice.

Keywords
genomics, genomic medicine service, rare disease, paediatric,
protocol, mixed methods
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Plain english summary

Background and aims: Genome sequencing (where a person’s
entire genetic code is mapped) is set to dramatically trans-
form patient care and medical outcomes. Recently, genome
sequencing was introduced as part of routine clinical care in
the NHS, through the Genomic Medicine Service (GMS). The
aim of this research is to understand how genome sequencing
is being delivered in the first few years of the Service, in par-
ticular what the barriers and enablers are to successful delivery.
The focus of the study will be the use of genome sequencing for
children with undiagnosed conditions.

Study design: This is a four-year study in which we will
conduct: observations of clinic appointments; interviews with
policy makers and health professionals designing and imple-
menting the new service; and surveys/interviews with parents
of patients undergoing genomic testing. By the end of this study
we will have:

e a better understanding of the intended vs actual

outcomes of the GMS,
e insights into what happens during clinical encounters,

e understand what the entire testing process is like for par-
ents from being offered genomic testing to receiving
their results and beyond, including the clinical as well as
emotional and practical outcomes, and

e understand how healthcare professionals feel about deliv-
ering the GMS, particularly those that are non-genetic
specialists, including how prepared they feel to deliver
genomic testing.

Patient and public involvement: Parents of children who
have been through the testing process have helped us design
this study. They have inputted into surveys and topic guides,
and will be involved throughout the study as members of the
advisory team so that we can ensure the findings are used to improve
the quality of care patients and families receive.

Dissemination: The findings from this research will be shared
with organisations such as NHS England and NHS Improvement
so that recommendations can be implemented swiftly.

Introduction

Context

In October 2018, a new nationally commissioned Genomic
Medicine Service (GMS) was established by NHS England.
This service, built around seven Genomic Laboratory Hubs
(GLHs), aims to deliver consolidated, state of the art, high
throughput and high-quality genomic testing (including both
genome and exome sequencing) with equity of access for
patients affected by rare diseases and cancer'. The GMS capi-
talises on the infrastructure and learning from the 100,000
Genomes Project, a world-leading initiative set up in England in
2015 with the explicit aim of embedding genomic medicine into
clinical care to improve diagnosis and management of patients
affected by selected rare and inherited diseases and cancer’.
The NHS will be the first national healthcare system in the
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world to offer whole genome sequencing as part of routine
care.

The overall goal of the GMS is that from 2020, and by 2025,
genomic medicine will be embedded in multiple -clinical
pathways in routine care, where appropriate, and linked to a
broader NHS long term plan of sequencing 500,000 whole
genomes for patients with certain rare diseases and cancers,
incorporating the latest genomics advances into routine health-
care to improve diagnosis, stratification and treatment of illness,
and supporting research and innovation®. Ultimately, the aim is
that by 2025, genomic technologies will be a fundamental com-
ponent of medical training, and there will be a new taxonomy
of medicine based on the underlying drivers of disease*.

Mainstreaming genomics for rare disease diagnosis
Genome sequencing will be available as a first-line test for
some rare and undiagnosed diseases, for example individuals
with ultra-rare disorders or atypical manifestations of recog-
nised monogenic disorders. In addition, certain tests specified
in the new NHS England Genetic Test Directory can be ordered
by medically qualified individuals specialised in a sub-discipline
other than genetics (referred to hereon in as ‘medical special-
ists’), in both primary and secondary care, thus ‘mainstreaming’
genomics'. For example, in primary care, a general practitioner
could order a cystic fibrosis carrier test, and in secondary care
a neurologist or paediatrician could order genome sequencing
for a patient with intellectual disability.

How will the NHS GMS impact health professionals?

The significant changes in the way testing is offered will
impact across medical specialities and require the roles of both
medical and genetic specialists to evolve®’. Widespread imple-
mentation and ‘mainstreaming’ of genomic medicine will
depend on health professionals’ perceptions of the usability and
value of the technology in day-to-day practice, however some of
these professionals are sceptical of the positive impact genomic
medicine will have on patient care®’. Studies have shown that
many health professionals have limited genetics training and
may be unprepared to conduct pre- and post-test counsel-
ling including interpreting test results and consenting/returning
additional findings®®. Concerns also exist around lack of
access to genetic professionals'® as well as the challenges of
interpreting uncertain results and managing patients’ expecta-
tions about genome sequencing''. To ensure the successful tran-
sition of genomics from a specialist service to a mainstream
service, thoughtful planning and procedures are required to
prepare the workforce. This includes: training in genomics for
healthcare professionals outside of clinical genetics includ-
ing interpreting and returning genomic data back to patients;
clear pathways for which tests to order for which indications;
educational initiatives to ensure healthcare professionals taking
consent feel equipped to do so; and increased interaction
between genetic and medical specialists to support the delivery
of testing outside the clinical genetics specialty”.

Preparation for genomic testing in the NHS GMS
Over the past few years, several initiatives have been imple-
mented to prepare the workforce for genomic testing. In
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2014, Health Education England (HEE) launched a four-year
£20 million Genomics Education Programme (GEP) to ensure
that the NHS workforce has the knowledge, skills and experience
to keep the United Kingdom (UK) at the heart of the genomics
revolution in healthcare®. Other initiatives include a Masters in
Genomic Medicine delivered by seven leading higher educational
institutions; ‘genomics roadshows’ where genetic specialists
have visited a wide range of clinical disciplines in hospitals
to highlight genomics and how it can improve patient care; and
a genomics toolkit developed by the Royal College of Gen-
eral Practitioners in partnership with the GEP to explain how
genomic medicine impacts primary care*'>!*. However, the
reach and utility of these resources have yet to be examined,
and the informatics infrastructure including sample collec-
tion pathways and results delivery processes have yet to be
finalised and tested.

To ensure patients and families are fully prepared for genomic
testing in the NHS GMS, NHS England have prepared a range
of patient-facing and online resources'*'¢, as well as a ‘record of
discussion’ form which will be used in the clinical pathway to
record parents’ (of children unable to consent themselves) and
patients’ test and research decisions'’. Genomics England has
developed information specifically to support people making
decisions about participating in research which will be done
on a voluntary basis and consented separately from genomic
testing for clinical care's. However, we do not yet know what
patients’ and parents’ attitudes, understanding and experiences of
genomic testing within a purely clinical context will be, whether
they feel they have made an informed decision to undergo
sequencing, what proportion will consent to donating their
(or their child’s) data for research purposes (and if not, why
not), and whether they are satisfied with the process overall.

The first few years of the NHS GMS is an ideal opportu-
nity for which to evaluate the implementation, service and
patient outcomes of genomic testing in a clinical setting. It
will enable us to make comparisons with the hybrid research-
clinical context of the 100,000 Genomes Project where much
research has already taken place”!*,

How will the NHS GMS impact parents and children?

The NHS GMS is set to have a profound impact on the manage-
ment and diagnosis of children with rare diseases in the NHS.
The majority (50-75%) of rare diseases affect children® and
in the past it has taken on average six years for a rare disease
to be diagnosed, during which time patients are likely to have
undergone extensive medical testing®?. Genomic sequencing
has the potential to reduce this ‘diagnostic odyssey’ for some
patients with rare diseases and their families. The diagnostic
yield of genomic sequencing in previously unsolved paediat-
ric cases is already around 40-50% and may increase as knowl-
edge grows?. For children with a rare condition, a diagnosis can
enable access to disease specific screening or treatments, pro-
vide a clearer prognosis and information about recurrence risk,
enable parents to make contact with other parents, and facilitate
access to social and educational support®. Psychological ben-
efits for parents can include relief from guilt, understanding
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the origin of the child’s condition, validation in terms of offer-
ing legitimacy for the child’s behaviour and/or appearance,
and ability to connect with others through support groups™®.

Previous research on patients and parents experiences of
genomic testing, conducted during the 100,000 Genomes Project,
highlighted that the majority were satisfied with the consenting
process, felt they had made an informed decision to take part,
and had largely positive attitudes towards sequencing, although
concerns existed around data sharing and access, and the
potential emotional impact of the results'”. Whilst participants
generally understood what is involved in genome sequencing,
the purpose and the benefits, there were misunderstandings
around the limitations and associated uncertainties®. For exam-
ple, only around 70% of participants correctly understood
that they may not receive any informative results about their
child’s condition from whole genome sequencing®. Reports
of parents misinterpreting or overestimating the utility of find-
ings from genomic testing have been cited elsewhere®*?, and
the importance of managing patient expectations to avoid
disappointment or decisional regret has been raised by genetic
specialists**3*. Research focused on whether and how health
professionals are managing parental expectations of genomic
testing in the NHS GMS would therefore be of value.

Whilst evidence has begun to emerge about the -clinical
effectiveness of genomic testing (e.g. changes in clinical man-
agement, amended treatment plans) for patients from different
condition groups®-¢, for example those having rapid genomic
testing in the neonatal setting” or those with developmen-
tal disorders®, we still have limited data on the psychosocial
and behavioural impact of disclosing genomic results to par-
ents, including whether and how the impact differs amongst
different patient populations®. There is some evidence to sug-
gest that parents of children with a known disease may be
more prone to negative test-related psychological experiences
following genomic testing than other population groups®.
Results from the 100,000 Genomes Project indicated that some
participants and in particular parents experienced distress and
uncertainty following receipt of sequencing results. Similar
findings have been reported elsewhere, with parents receiv-
ing exome sequencing results reporting feelings of frustra-
tion and isolation from the lack of available information about
the condition*' as well as loss of hope for recovery*’. However,
this research is still in its infancy, and further research is essen-
tial to gain a more nuanced and complete understanding of
the psychosocial and behavioural impact of genomic testing.

Protocol

Research aims and objectives

This paper outlines a four-year mixed-methods research pro-
gramme using observations, interviews and surveys to evaluate
the NHS GMS for the diagnosis of paediatric rare diseases.
Research will be conducted with key stakeholders designing
and implementing the GMS, as well as health professionals
(genetic and medical specialists) and parents of patients under-
going genomic testing to examine the intentions, experiences
and outcomes of the new service®.
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The aims are to:

1. Identify the resources, activities and intended and actual
outcomes of the NHS GMS; identify any potential barriers
to achieving the intended outcomes during the early years of
the Service (2022-25);

2. Understand the processes and practices taking place by
examining the interactions between health professionals
and parents/patients during pre-test counselling and results
delivery appointments;

3. Examine the experiences and outcomes of genomic testing
that parents report over time;

4. Identify the preparedness and experiences of medical
specialists involved in delivering genomic medicine in main-
stream NHS care in the first few years of the Service, and
identify elements which make this easier or more difficult.

The findings from the research will be shared with NHS England
and NHS Improvement contemporaneously to continue to drive
improvements in the Service and develop recommendations
for practice.

Methods and analysis

Research approach and conceptual framework. We will
conduct a mixed-methods research programme, employing
qualitative and quantitative approaches to provide a richer,
deeper insight into the topic area, generating more knowledge,
and increasing the validity of the findings*. We will work
within a pragmatist paradigm in order to seek functional
knowledge and produce positive change in clinical practice®.
Pragmatism refers to a worldview that focuses on “what works”
rather than what might be considered absolutely and objectively
“true” or “real.”*®.

We will use a theory-driven approach to understand how the
NHS GMS is being implemented as well as to evaluate the out-
comes from the Service. The Consolidated Framework for
Implementation Research (CFIR)* will be used as an explana-
tory framework to systematically assess the contextual factors
including barriers and facilitators that influence implementa-
tion and adoption, and has been used previously to evaluate the
implementation of genomic medicine**>!. The framework pro-
vides a taxonomy of operationally defined constructs that
are likely to influence implementation of complex programs,
organised into five major domains: 1) Intervention Character-
istics; 2) Outer Setting; 3) Inner Setting; 4) Characteristics of
Individuals; and 5) Process. We will evaluate implementation
outcomes according to Proctor’s taxonomy, which comprises
eight major domains - acceptability, adoption, appropriate-
ness, feasibility, fidelity, implementation cost, penetration, and
sustainability®. In order to understand the patient/parent perspec-
tive, we will use a number of patient reported outcome measures
including decisional conflict and regret, patient empower-
ment and satisfaction. The use of theory-based and pre-specified
constructs will help to generalise the findings and enable
integration across the various sub-studies, enabling us to build
a stronger evidence base.
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Study design overview. Using an implementation science
approach, we will conduct an interview study with key stakehold-
ers from organisations tasked with designing and implementing
the NHS GMS (e.g. Genomics England, NHS England)
along with desk-based documentary research to examine the
initial programme theory (resources, activities and intended
outcomes) underlying the NHS GMS. These will be compared
with the actual outcomes in Year 4 in terms of effectiveness,
adoption, fidelity, acceptability and uptake (Aim 1 — Study
1). We will also conduct interviews with genetic specialists
tasked with delivering the NHS GMS to understand how they
are experiencing the implementation (Aim 1 — Study 1). We
will conduct observations of clinical encounters to examine
the interaction between healthcare professionals and parents,
alongside interviews with the professionals and parents to
understand the processes and practices taking place when
consenting for and returning genomic test results (Aim 2 —
Study 2). We will conduct a longitudinal survey along with
follow-up interviews to examine parent-reported experiences
and outcomes from genomic testing (Aim 3 — Study 3), and we
will conduct interviews followed by a cross-sectional survey
with medical specialists in Year 4 to identify the retrospective
preparedness, experiences and challenges to delivering
genomic testing in the first few years of the NHS GMS (Aim
4 — Study 4). See Figure 1 for overview of study design and
timelines.

Patient and public involvement. The research programme has
been co-designed with parents of children with rare diseases as
well as patient advocates and key stakeholders. At the time of
drafting the funding application, input was sought from Genetic
Alliance UK, Rare Disease UK and SWAN UK (Syndromes
without a name) to identify the key research questions
and discuss study design, ensuring the design facilitated
patient-orientated outcomes. CL also spoke with the Chair of
the 100,000 Genomes Project Participant Panel as well as a par-
ent of a child with a rare undiagnosed condition, to ensure
the study design would capture what was important to parents.

Following approval for funding, an Advisory Team was set
up, which includes three parents of children with (previ-
ously) undiagnosed rare conditions and two patient advocates
from the support groups SWAN UK and Unique: The Rare
Chromosome and Gene Disorders Support Group. They have
inputted into the study aims and objectives, reviewed and
revised patient-facing documents including participant infor-
mation sheets and topic guides (Studies 2 and 3), informed
the selection of validated measures for a longitudinal survey
study (Study 3) and commented on wording and answerability.
Emergent findings will be shared with the advisory team
throughout the study, and they will support the development of
recommendations for policy and practice, ensuring that they
are feasible and appropriate. Policy options will be evaluated
using the APEASE framework (Acceptability, Practicability,
Effectiveness, Affordability, Side-Effects, Equity)’>. The APEASE
criteria are a set of criteria used to make context-based deci-
sions on intervention content and delivery. The advisory team
will advise on plain language summaries and video abstracts to
facilitate dissemination of the study findings to participants and
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Month Study 1: Implementation Study 2: Observations of Study 3: Longitudinal mixed- Study 4: Interview-informed
interviews clinical encounters methods study cross-sectional survey

Ethics, R&D, Site visits and study preparation ‘

11
-'"’_[EW-'EWS ) Tl_ HP identifies and invites
W'“_‘ GMS IHERIEE patient/family into
designers with . observation study )
& genetic
implemen specialists g REseatehor BhoeTins
\ e consent and results

disclosure appointments

Follow-u;
Follow-up - : p
2 : interviews
interviews with
with HP

parent/carer

T2 Interviews with GMS
designers and
implementers

GMS = Genomic Medicine Service; HP = health professional

Figure 1. Overview of study timelines.

relevant wider patient communities, and will be invited to
co-author manuscripts. Parent participants will be reimbursed for
their involvement in the project, in line with the NIHR Centre
for Engagement and Dissemination’s payment policy™.

Study setting. Recruitment of participants will take place across
seven NHS Trusts located across England. Sites have been
selected to facilitate a diverse ethnic mix of participants as well
as North vs South and urban vs rural settings. At each partici-
pating site, a health professional from the genetics department
will act as local Principal Investigator (PI) for the study,
however we will work closely with departments outside of
clinical genetics who are delivering genomic testing to exam-
ine the issue of mainstreaming. Regular meetings will be held
with the participating site and clinical staff to discuss any
recruitment issues.

Participants. There will be two separate but parallel cohorts in
this project; 1) parents of children (<16 years) with rare dis-
eases undergoing genomic testing, who are making decisions
on behalf of their children and may themselves be undergoing
testing to help identify or interpret the results, and 2) health
professionals (including genetic and other medical specialists),
policy-makers, commissioners and organisational decision-
makers who are delivering the GMS. By examining the way
in which key stakeholders (parents, health professionals,
policy-makers, decision-makers) perceive, experience and
behave in the GMS, we will ensure that the findings and subse-
quent recommendations around the implementation of genomics
into mainstream clinical practice are grounded in first-hand
experiences.

T1 survey @
time of testing

Subset
interviewed

T2 survey @
12 months
after T1

Subset
interviewed

For Study 2, In order to accommodate participants that do
not speak/have limited English, we will translate the partici-
pant information sheet and consent form into those languages
identified as being commonly spoken by parents attending
genetic services (e.g. Gujarati, Bengali, Urdu, Polish, Punjabi).
Regular dialogue between the research team and the PIs
from participating sites will take place to monitor this. It will
not be possible to translate the survey (Study 3) into these
languages as the included measures have not been validated
in these languages.

Detailed study plan
An overview of the study plan is provided in Figure 2.

Study 1: Implementation interviews with key
stakeholders (Years 1 and 4)

Study design. Implementation science, the systematic study of
methods that support the application of research findings and
other evidence-based knowledge into policy and practice, is
increasingly being seen as playing a critical role health serv-
ices research*”*. Previous research on new interventions has
highlighted that as well as assessing outcomes, it is valuable to
look at the process of the intervention as this can shed light on
the mechanisms responsible for whether and how successful
it is 55. This formative work can also enable researchers to
suggest ways to answer questions about how interventions
might be adapted and respond to change in order to produce
positive outcomes>.

In Year 1 of the study, qualitative interviews will be conducted
with key stakeholders involved at a national level in planning
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Shathi 1 Ishnlcrnostation IR s, Study 2: Observations of clinical Study 3: Longitudinal mixed- Study 4: Interview-informed cross-
Lt encounters methods study sectional survey

Identify the resources, activitiesand
intended and actual outcomes of the
GMS, and identify the experiences
including challenges to implementation
duringthe earlyyears of the Service

Study Aim
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pre-test counsellingand resultsdelivery

Identifythe preparednessand
experiences including of medical
specialists involved in delivering

genomic medicine in mainstream NHS
care inthe firstfew years of the Service

Examine the experiences and outcomes
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over time
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Framework analysis.

C
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Thematic analysis

Thematic analysis
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1. Programme theory ) Preparedness and confidence in
2. Preparingthe workforce 1. Overarchingstructure of a) Decisional conflict/regret delivering genomic medici
3. Mainstreaming of genomics appointments b) Aftitude and knowledge How genomic medicine fitsinta
4. How the GMS is servingthe needs 2. Interactions between parents & c) Satisfactionwith appointment current practice
Topic areas or of parents professionals d) Parental empowerment Outstandingeducationand
measures Readiness of NHS for 3. Questions and responses &) Genomic outcomes training needs
implementation of genomic 4. Processesand practices required to f) Health related quality of life Experience of consenting patients
testing consent/request/return results g} Familyimpact and deliveringtest results
6. Barriersand challenges including 5. Parentand health professional h) Psychologicalimpact Perceived barriers and enablers
impactof covid experiences of appointment — 2. Follow-up interviews to explore Recommendations for service

7. Evaluatingimpact

expectations, satisfaction etc

quant findings in more depth

improvement

Figure 2. Study design.

and implementing the new Service (from organisations such
as NHS England, Health Education England, Genomics
England as well as ‘genomic champions’ from different
clinical specialties). In addition, documentary evidence such
as policy documents, journal articles and meeting presenta-
tions will be collated and analysed. This will enable us to iden-
tify the initial programme theory underpinning the GMS and
to identify the underlying assumptions about how the GMS
is expected to work to achieve its expected outcomes. A logic
model (a visual representation of the theory), which describes the
resources and activities (inputs) and intended outputs, out-
comes and impact will be developed®. This will form the foun-
dation for our understanding of what was intended for the
GMS (the GMS ‘blueprint’). In Year 4, we will conduct further
interviews and documentary analysis to understand if the
programme theory has changed over time, if the programme
as planned is different to the programme as performed
(‘fidelity to the model’), and the factors that have acted as
barriers and facilitators in implementation.

Alongside interviews with designers and implementers, we
will also conduct interviews with genetic specialists embed-
ding and delivering genomic services including directors
of GMSs and GLHs. The aim of these interviews will be to
understand how they are experiencing the implementation of
the GMS during its first years including: the processes and
procedures that have been put in place to deliver the
Service; any individual and organisational adaptations that have
been made; and identify any challenges professionals have
faced when implementing the Service. Interview guides will
be informed by the CFIR and Proctor’s taxonomy, the existing
literature and the key research questions.

Data analysis. Data will be analysed using framework
analysis®®. This is an approach that facilitates identification of
key themes as well as commonalities and differences in the
data through comparison across as well as within cases. A
codebook will be developed to facilitate team-based analysis
which will be facilitated using NVivo software®. The first
step will consist of a deductive analysis, where data are
coded according to the CFIR domains and constructs. This
will be followed by an inductive analysis, to allow for any new
themes or unexpected findings. The same codebook will be
applied to the analysis of both sets of interviews as well as
the documentary evidence to enable cross-referencing and
comparisons across the data.

Recruitment and sample size. Designers and implementers
identified initially by the advisory team, will be purposively
sampled and invited for interview. In addition, we will use
snowball sampling to ensure that key players not known to
the advisory board are invited®'. Genetic specialists will be
recruited from across the seven GLHs. Informed consent along
with participant information will be collected prior to inter-
view. Interviews will continue until saturation is reached
and, alongside documentary evidence, the initial programme
theory has been identified. We anticipate this will be around
10-20 interviews with designers and implementers, and 14
interviews with genetic specialists (two per GLH).

Study 2: Observations of clinical encounters (Years 2-3)
Study design. We will conduct direct observations (including
audio and/or video-recordings) of clinical encounters (clinical
pre-test counselling appointments as well as results deliv-
ery appointments) involving patients (children) and families
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undergoing genomic testing. A key benefit of observations is
that they take place in natural settings that are the natural loci of
activity®>. As such, they will help us to understand consisten-
cies and variations in the overarching structure of the appoint-
ments, evaluate the interactions between patient/parents and
health professionals (including the information exchange and
the questions and responses), and gain insight into the com-
munication techniques that are employed by both parties. In
addition, the observations will offer insight into the various proc-
esses and practices required in order that health profession-
als can request genomic tests (patient choice forms, uploaded
test requests etc). Observations of clinic appointment were
previously conducted during the 100,000 Genomes Project
and yielded valuable data®. A structured observation guide
using pre-determined categories identified through this pre-
vious work (e.g. checklist of particular topics, interactions
between the professional and the [child] patient, notable
non-verbal behaviours, paperwork and administrative aspects
etc) will be used to standardise the observation and inform
follow-up interview questions.

Following each observation there will be an immediate
de-brief interview with the professional and an interview
with parents 1-2 weeks later. The topic guides will focus on
views and feedback related to the content of the appointment,
their expectations and implicit goals from the interaction, and
moderating factors that may have hampered or contributed to
the success of the appointment. This will allow for comparison
across the three data sources (interview recording, professional
and parent interviews). Pairing observations/audio-recordings
with interviews is valuable because this may reveal inconsist-
encies between participants’ responses to interview questions
and what they actually do in practice®.

Data analysis. The analysis will be conducted from an inter-
actionist perspective® using concepts drawn from content
analysis® and thematic analysis®, facilitated using Nvivo®. Data
from the different sources will be given equal weighting and
integrated at the data analysis stage, to explore the appointment
from multiple perspectives.

Recruitment and sample size. Eligible participants will be
parents, carers or other family members of children undergoing
genomic testing for rare disease diagnosis. Non-English
speaking families will be eligible to participate provided the
translator is able to translate the participant information sheet
and consent form. Potential participants (health professionals
and parents) will be purposively sampled to ensure variation
in 1) condition type, 2) who is conducting the appointment
(genetic or medical specialist), 3) result (diagnostic result, no-
finding result and inconclusive result), and 4) site. By includ-
ing seven sites from regionally diverse parts of the country, we
hope to include parents who vary in terms of educational and
socioeconomic status as well as ethnicity. People from minority
ethnic groups may experience a higher incidence and preva-
lence of rare diseases than the general population for a vari-
ety of reasons, genetic and otherwise’. In addition, people
from minority ethnic groups and other underserved populations
are likely to experience even greater barriers to screening,
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diagnosis, and treatment of rare diseases than for common
conditions due to a variety of cultural, socioeconomic,
environmental and other factors®’.

Observations of a given professional will take place no more
than once to ensure maximum variation in participants. We
will aim to observe ~20 consent appointments and similarly
~20 results return appointments (with different participants
to those observed during the consent process) in line with
previous research®.

Study 3: Longitudinal mixed methods study of parent-
reported experiences and outcomes from genomic
testing (Years 2-4)

Study design. Surveys and interviews will be conducted with
parents of children with rare diseases to evaluate parent-reported
experiences and outcome from genomic testing in the GMS.

An online survey will be administered at two time-points; after
pre-test counselling (T1) and approximately 12 months after
results-disclosure (T2). Our primary outcome measure is deci-
sional regret at T2, as measured on the validated Decisional
Regret scale®®. In particular, we will compare whether decisional
regret differs between parents of patients who get a diagnos-
tic result compared with those that get a no primary findings
result. Whilst there is limited data on the psychological
effects of disclosing genomic sequencing results to parents
of paediatric patients, a number of studies have shown that
a subset of parents may be likely to experience decisional
regret’*® and that regret may be linked to parents interpreta-
tion of the child’s result as negative and of frustration with
uncertain results®. Key research questions will be whether
there is a difference in levels of decisional regret depending
on result status, and whether there is a difference in levels of
decisional regret depending on clinical indication.

Secondary  outcomes  include  knowledge”,  attitudes®
(adapted from previous research”), self-reported informed
decision-making®, decisional conflict’?, generalised anxiety”
parental empowerment™, health-related quality of life of the
child”, family impact®, psychological impact”’ and satisfac-
tion with appointment”™ (see Table 1). We will explore whether
parent characteristics e.g. education, ethnicity, and personality
traits e.g. intolerance for uncertainty” and resilience® are
associated with particular psychological outcomes.

To complement the quantitative results, a subset of survey
responders will also be invited for a qualitative interview.
Interviews will focus on parents’ expectations, experiences
of and satisfaction with the consent appointment/return of
results, perception of care received, clinical, behavioural, and
psychosocial impact of the result, unexpected outcomes, and
recommendations for service improvement.

Data analysis. This mixed methods study will use a concur-
rent design with quantitative and qualitative data collected
in parallel and given equal status, the purpose being to seek
a more complete understanding using complementary
methods®!. Qualitative and quantitative data will be analysed

Page 8 of 14



NIHR Open Research 2021, 1:23 Last updated: 24 NOV 2021

Table 1. Summary of survey measures.

Survey domain

Description

Participant characteristics and personality traits

Participant characteristics Child age, parent/carer age, gender, education, number of children, ethnicity, religion and

General anxiety

Resilience

Intolerance for
Uncertainty

religiosity, income

Generalised Anxiety Disorder Questionnaire (GAD-7). A seven-item measure for screening
and severity measuring generalised anxiety disorder. Items are rated on a 4-point Likert
scale”?

Brief resilience scale. A six-item measure for assessing the ability to bounce back or
recover from stress. Items are rated on a 5-point Likert scale®.

Short version of the Intolerance for Uncertainty scale. A 12-item measure for assessing
intolerance for uncertainty. Items are rated on a 5-point Likert scale’.

Attributes of informed decision-making

Knowledge

Attitude
Self-reported informed
decision-making

Decisional conflict

Decisional-regret

Test results

Nine-item knowledge of genome sequencing (KOGS) measure that is context-neutral and
focuses on what is involved in having genome sequencing (including ‘what is a genome’),
and the limitations and uncertainties of genome sequencing. Each statement is rated as
either true, false or don't know”. In addition, we will include a number of knowledge items
developed specifically for the this study which relate to the way that the Service is being
offered.

Five-item scale examining general attitudes to genome sequencing e.g. harmful
- beneficial, unimportant - important, measured on a five-point Likert scale?*.

Question used previously in survey on genome sequencing in the 100,000 Genomes
Project?.

Sixteen-item measure with five-point Likert scale which assess decisional certainty or
conflict about a healthcare decision”?

Five-item measure with five-point likert scale which assesses regret or remorse about a
healthcare decision, with scores ranging from 0 to 100. DRS scores can be defined into
three categories: no decision regret (DRS score 0), mild decision regret (DRS score 1-25),
and moderate to high decision regret (DRS score >25)%.

Study specific question to assess what result the patient received (a diagnostic result, a no-
findings result or an uncertain result)

Clinical, psychosocial and behavioural outcomes

Parental empowerment
Health-related quality of

life (child)

Psychological impact

Family impact

Clinical, social and
behavioural impact of
results

Satisfaction with
appointment

Genomics Outcome Scale: six-item questionnaire with five-point likert scale which captures
the theoretical construct of empowerment relating to genomic medicine’*

EQ-5D-Y (ages 4-15): Comprises five dimensions: mobility, looking after myself, doing usual
activities, having pain or discomfort and feeling worried, sad or unhappy. Each dimension
has 3 levels: no problems, some problems and a lot of problems. The caregiver (the proxy)
is asked to rate the child's/ adolescent’s health-related quality of life in their (the proxy’s)
opinion”.

Adapted 12-item version of the Feelings About genomic Testing Results (FACToR) with five-
point Likert scale which measures the specific impact of result disclosure after genomic
testing”’

PEDS-QL Family impact module: sixteen-item questionnaire with five-point Likert Scale
which explores problems with communication, worry, daily activities, family relationships’®

Study specific questions which explore: changes to clinical management, understanding
the likely course of the condition, changes to child’s/parent’s lifestyle, connecting with
specific rare disease support groups/other families, communication with medical
professionals, reproductive decision-making and identification of other at-risk family
members. Each item will have 5 levels (not at all - a great deal).

Seven-item patient-satisfaction measure for use in a clinical genetics setting”®

Time1 Time2
v v/
v b 4
v b 4
v X
4 b 4
v v/
4 b 4
v b 4
X v/
X v/
v v/
v v
X v
v v
X v
v v
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separately and integrated at the point of interpretation. Each
set of findings will be brought together into one explanatory
framework®'.

For the quantitative data, frequencies, means and standard
deviations will be calculated, and descriptive statistics will
be reported. Correlations and comparative analyses will be
conducted to identify changes over time (between T1 and T2).
We will conduct correlations and t-tests (normally distributed
variables) or Spearman’s rank correlation and paired-Wilcoxon
signed ranks tests (non-normally distributed variables) to exam-
ine bivariate associations between the primary dependent
variables and participant characteristics (e.g. gender, age,
employment, education, ethnicity, resilience etc). Analysis will
be facilitated using SPSS software®>.

Qualitative data will be analysed using codebook thematic
analysis®. This is a flexible analytic method where a code-
book with both deductive (guided by theory and/or previous
literature) and inductive (emerging from the text) codes are
used to guide data coding, and allows for multiple research-
ers to systematically code the text. Codes are then collated to
form sub-themes and themes, patterns of meaning anchored by a
shared idea or concept. Analysis will be facilitated using Nvivo®.

Recruitment and sample size. Survey participants will be
recruited from across the seven participating recruitment sites
with the aim of recruiting participants from different geographi-
cal, ethnic and socio-economic backgrounds. We will recruit
participants whose children have different clinical indications
(e.g. neurological including intellectual disability, develop-
mental delay and/or epilepsy, renal, cardiac) as well as those
with single system (e.g. a heart defect) and multisystem
(e.g. a kidney and heart defect) to facilitate exploratory
comparisons across disease groups. Interview participants
will be selectively sampled for maximum variation in terms
of condition, result (diagnostic, negative or inconclusive) and
socio-demographic factors. Where both parents attended the
initial genomic testing appointment, only one parent per family
(‘the main care-giver’) will be invited to complete the
survey in order to avoid non-independence of results as family
members may influence each other’s responses.

To compare decision regret between those parents of patients
who received a diagnostic result and those who don’t, a mini-
mum of 67 participants are required in both groups to achieve
a medium effect size (0.5) with an 80% power level. As diag-
nostic rates using genomic testing are currently around 40%
when trio-based analysis is performed®, a minimum of 168
participants is required. To account for drop-out between the
T1 an T2 survey, which was around 50% in previous research®,
we will aim to recruit around 400 participants at T1.

Recruitment for interviews will continue until saturation is
reached, however we aim to interview around 20-30 parents
at both timepoints. This is in line with previous qualitative
interview studies exploring parental experiences of genomic
testing'®. Ideally, the same parents will take part in inter-
views across the two timepoints to examine the patient journey
including parent expectations and outcomes.

NIHR Open Research 2021, 1:23 Last updated: 24 NOV 2021

Study 4: Interview informed cross-sectional survey with
medical specialists (Year 4)

Study design. Cross-sectional qualitative interviews will be con-
ducted with non-genetic medical specialists to explore their
experiences of current genomic practice. The topic guide will
be informed through the CFIR and Proctor’s taxonomy, and
include questions to assess their preparedness for delivering
genomic medicine (consenting patients and delivering results),
how genomic medicine fits into their current practice, out-
standing education and training needs, interaction with genetic
specialists, whether the nature of their clinical interactions with
patients and families has changed over time, and to identify
policy and/or service provider factors affecting ‘mainstream’
implementation of genomic medicine, including emergent
enablers and barriers. The findings from the interviews will be
used to inform the development of an anonymous cross-
sectional online survey, which will also use validated meas-
ures to assess concepts such as acceptability®, feasibility®,
implementation leadership support® and organisational change
expectations®. Survey data will provide evidence to policy
makers about the effectiveness of mainstreaming.

Data analysis. Qualitative data analysis will be thematically
coded® using a codebook approach. The first step will
consist of a deductive analysis, where data are mapped on to
the CFIR and Proctor domains and constructs. This will be
followed by an inductive analysis, where new themes or unex-
pected findings are elicited through coding and categorising.
Quantitative data will be analysed using descriptive statistics.

Recruitment and sample size. Medical specialists from a chosen
set of four to five specialties who are (expected to be) involved
in the mainstreaming of genomic medicine (e.g. community
paediatricians, paediatricians, paediatric neurologists, paediatric
cardiologists) from across the seven recruiting sites will be purpo-
sively sampled for interview. Interviews will be conducted until
saturation is reached, but we expect to interview around 5-10
per speciality in line with previous qualitative research looking
at health professionals’ experiences of offering genomic testing’.

The online survey will be administered with links circulated
across the seven participating sites as well as via health profes-
sional associations (e.g. Royal College of Paediatrics and Child
Health). As this is a single topic community study, we will aim
to recruit around 400 participants (around 100 for each medical
speciality).

Data synthesis and interpretation from all studies

The findings from the four studies will be analysed sepa-
rately. However, at the end of the study we will integrate the
data to draw overarching conclusions about service provision.
Summary tables will be developed to identify context-specific
barriers and facilitators (or suggested changes) to implementation.
To enhance trustworthiness, qualitative data analysis will be
conducted by multiple researchers. In addition, the advisory
team, including the PPI group will support the interpretation
of the data and ensure credibility of the data analysis. Further
refinement of recommendations for practice will be devel-
oped at a workshop in Year 4 with key stakeholders. These
recommendations will be detailed in the final project report.
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Ethics and data processing

The research will be conducted in accordance with the UK
Policy Framework For Health and Social Care Research which
sets out the principles of good practice in the management of
research®’. Ethical approval for the study was approved on the
16th July 2021 by the London-Bloomsbury Research Ethics
Committee (21/PR/0678). Participants (patients, parents, health
professionals and/or other key stakeholders) will be given a
participant information sheet at the time of being invited to
take part in the study. Prior to any observation or interview
taking place, consent will be sought and recorded, either
verbally (if the observation/interview is taking place virtually)
or in written form (if the observation/interview is taking place
face-to-face). For studies 2 and 4, returning a completed survey
will be considered implied consent to participate.

Interview data will be digitally recorded, transcribed by a pro-
fessional transcription company with which a confidentiality
agreement is in place. Transcripts will be de-identified and
stored along with audio-recordings and de-identified survey
responses in the UCL Data Safe Haven which is certified to the
ISO27001 information security standard.

Dissemination

As well as disseminating results through traditional academic
forums such as peer-reviewed publications, we will engage
directly with health professionals, policy makers, patients and
the public. Crucially, we will disseminate our results to the
intervention implementers (e.g. NHS England, Genomic Part-
nership Board), as findings emerge, so any suggested changes
to service provision can be considered in a timely manner.
Our results will be shared in the form of short reports and/or
slide-sets. We will measure the impact of reporting our find-
ings, i.e. any change that have been made as a result of these
findings. We will also share regular study updates via the
social media channels and newsletters of patient groups includ-
ing SWAN UK, Genetic Alliance UK and Unique, who are
on the advisory team. At the end of the study, we will pro-
duce a series of video abstracts aimed at patients and the public
to showcase the key findings from the research. We will reach
out to those participants that took part in this programme of
research, and send them links to these abstracts, so that they
can understand the findings from this work.

Anonymised data underlying the results will be hosted in the
UCL Data Repository and a DOI will be referenced in research
publications.

Study status
The study has NHS Ethics approval from Bloomsbury Ethics
Committee (Rec reference is 21/PR/0678), and data collection
has now started.

Discussion

The NHS GMS will undoubtedly improve the diagnosis and
management of patients and their families affected by rare
genetic diseases, and provide emotional relief for parents who
have been searching for answers. Whilst some of the potential
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issues (educational, logistical etc) have been identified and
are being addressed prior to the start of the Service, there will
inevitably be unanticipated barriers and challenges along the
way. This research programme provides a unique opportunity to
holistically evaluate the expectations and outcomes of the
NHS GMS for paediatric rare disease diagnosis, and provide
insights and recommendations to improve service delivery.
It will also add to our understanding of the experience of
parents undergoing and health professionals delivering genomic
testing in routine clinical practice.

Our mixed-methods approach will provide rich, compre-
hensive insights into the facilitators, challenges and barriers
of delivering the NHS GMS. Examining both parents’ and
health professionals’ experiences will ensure that experiences
and outcomes are explored from multiple perspectives. In
designing this study, we have engaged with patients as well
as other key stakeholders such as health professionals and
policy makers at inception to ensure the research will provide
important insights for service improvement and to increase
the likelihood that the recommendations will be adopted by
policy makers. Our advisory team also comprises a broad range
of expertise across genomics including geneticists, genetic
counsellors, clinical scientists, behavioural scientists, ethicists,
health economists and policy makers who can provide
critical insight into the study findings and ensure they are
fed back to relevant parties in a timely manner. A key chal-
lenge for the project is that there are multiple sub-studies that
require buy-in from health professionals across a range of
specialties. Moreover, the covid pandemic has meant that
many research projects are taking longer to get approved
and there have been delays in getting the NHS GMS up and
running.

In a recent strategy for genomics set out by the Department
of Health, the Minister for Innovation wrote that “the
biggest gains are being made through collaborations across a
range of expertise from clinicians, engineers, social scientists,
mathematicians, and data scientists.”. The NHS GMS provides
an ideal opportunity to use approaches from social and
behavioural science to examine implementation, experiences
and outcomes of service providers, patients and other key
stakeholders. This work will provide important evidence for
both the NHS and other countries implementing genomics into
their national healthcare systems.

Data availability
Underlying data
No data are associated with this article.

Reporting guidelines

Figshare UCL: SRQR Checklist for ‘Mixed-methods evalua-
tion of the NHS Genomic Medicine Service for rare diseases:
study protocol’, https://doi.org/10.5522/04/16847794%.

Data are available under the terms of the Creative Commons
Attribution 4.0 International license (CC-BY 4.0).
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