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ABSTRACT

Introduction Genomic sequencing has rapidly
transitioned into clinical practice, improving diagnosis and
treatment options for patients with hereditary disorders.
However, large-scale implementation of genomic
sequencing faces challenges, especially with regard to
the return of incidental results, which refer to genetic
variants uncovered during testing that are unrelated to
the primary disease under investigation, but of potential
clinical significance. High-quality evidence evaluating
health outcomes and costs of receiving incidental results is
critical for the adoption of genomic sequencing into clinical
care and to understand the unintended consequences of
adoption of genomic sequencing. We aim to evaluate the
health outcomes and costs of receiving incidental results
for patients undergoing genomic sequencing.

Methods and analysis We will compare health outcomes
and costs of receiving, versus not receiving, incidental
results for adult patients with cancer undergoing genomic
sequencing in a mixed-methods randomised controlled
trial. Two hundred and sixty patients who have previously
undergone first or second-tier genetic testing for cancer
and received uninformative results will be recruited from
familial cancer clinics in Toronto, Ontario. Participants in
both arms will receive cancer-related results. Participants
in the intervention arm have the option to receive
incidental results. Our primary outcome is psychological
distress at 2 weeks following return of results. Secondary
outcomes include behavioural consequences, clinical

and personal utility assessed over the 12 months after
results are returned and health service use and costs

at 12 months and 5 years. A subset of participants and
providers will complete qualitative interviews about utility
of incidental results.

Ethics and dissemination This study has been approved
by Clinical Trials Ontario Streamlined Research Ethics
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Strengths and limitations of this study

» This randomised controlled trial (RCT) will provide
high-quality evidence on the outcomes and costs
of receiving incidental results (IR) from genomic
sequencing, providing critical evidence given the
increasing use of genomic sequencing and identi-
fication of IR.

» Most studies thus far have evaluated only the return
of medically actionable and carrier results, however
this RCT will offer patients a wide range of IR op-
tions, representing the most comprehensive assess-
ment that we know of to date.

» Our study will include qualitative interviews with
participants and providers, enabling an in-depth un-
derstanding of the personal and clinical utility of IR.

» All participants will have the option to receive IR at
the end of the study period; however, this limits our
ability to compare the long-term economic costs of
receiving versus not receiving IR.

» We will recruit relatives and providers of participants
to explore family spillover effects, care consequenc-
es and costs associated with IR, representing a
unique opportunity to gain novel and comprehensive
insights into the cascading effects of IR on health
services and the family system.

Review System that provides ethical review and oversight
for multiple sites participating in the same clinical trial in
Ontario.

Results from the trial will be shared through stakeholder
workshops, national and international conferences, and
peer-reviewed journals.

Trial registration number NCT03597165.
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INTRODUCTION

As the cost of sequencing technologies continues to
decrease, the use of genomic sequencing (GS; including
both exome and genome sequencing) is increasing in
clinical practice.] ® One critical ethical and policy chal-
lenge is that GS often identifies incidental results (IR;
also known as secondary findings), which refer to gene
variants that are unrelated to the primary disease but that
may or may not be clinically useful. American guidelines
recommend that individuals undergoing GS in a clinical
setting be offered the option to receive medically action-
able results associated with at least 59 genes.” Other
guidelines recommend returning results from these
and additional genes.*” European and Canadian guide-
lines are more conservative, and recommend that GS be
targeted to genomic regions associated with the primary
indication for testing, to reduce IR. However, IR may be
returned, with patients receiving IR based on their prefer-
ences identified during pretest counselling.”® In the UK,
investigators are encouraged to return IR that are clin-
ically relevant, actionable and associated with moderate
or severe life-threatening diseases.” Thus, there is general
consensus that patients undergoing clinical GS should
have the option to receive actionable IR.** !

Despite current recommendations to return only
actionable results, patients and the public seem inter-
ested in receiving a broader range of IR which includes
results associated with untreatable conditions, carrier
status results and to a lesser degree, variants of unknown
significance (VUS).'""" They also express interest in
IR conferring risk of cancer, neurological and other
disorders.'""" These preferences appear to be consis-
tent across both hypothetical scenarios and real-world
settings'’ '* ' and have been found across other areas of
medicine. For example, 60%-90% of research partici-
pants indicate a preference for receiving incidental find-
ings from magnetic resonance imaging (MRI).'’ 17

Motivators for learning various types of IR include a
desire to learn personal health information and prepare
for the future.'* Some commentators suggest that patient
preferences should be considered in determining which
results to return, regardless of whether they meet an
actionability threshold."®'® The literature indicates that
the definition of a medically actionable result is subjective,
and in some cases, clinicians and patients may perceive
a result that is not medically actionable by guidelines to
have some actionability and seek medical care.”'*' Given
the varying interpretations of medical actionability, some
argue for a more comprehensive approach to action-
ability and that in addition to clinical utility, personal
utility should also be considered in shaping guidelines for
the return of genomic results.'” '®

To prepare for the anticipated large-scale implementa-
tion of GS and mainstream genomic medicine into clin-
ical practice, the UK government recently completed the
100000 genomes project to sequence 100000 genomes.22
Using these data, researchers will develop methods to

streamline the diagnostic process, educate professionals,
and importantly, establish frameworks to return IR.”*

IR provide an opportunity for disease risk reduction,
and it is evident that patients are enthusiastic about
receiving these results. However, there is little research
evaluating actual health outcomes and economic conse-
quences associated with receiving different categories of
IR based on patient selections.

STUDY AIMS

Hypotheses and aims

We aim to evaluate the consequences of receiving IR
on psychological distress, risk-reducing behaviour, clin-
ical and personal utility in the 12 months following the
return of results, as well as health service use and costs
at 12 months and 5 years after results are returned. We
hypothesise that, in comparison to patients receiving only
primary results, patients receiving IR will report higher
levels of short-term psychological distress but more risk-re-
ducing behaviours to treat, screen or reduce incidentally
identified disease risks, and higher levels of clinical and
personal utility, thereby potentially improving health
outcomes. Additionally, we hypothesise that health service
utilisation and costs will be higher for patients receiving
IR for short term (1year) and longer term (5years).

METHODS AND ANALYSIS

Study design

We will use a randomised controlled trial (RCT) to assess
whether participants receiving IR and primary GS results
will report higher levels of psychological distress, more
risk-reducing behaviours, clinical and personal utility,
health service use and costs compared with participants
receiving primary results alone. We will use standardised
measures administered over the course of 1year (figure 1
and table 1). This protocol follows guidance from the
Standard Protocol Items: Recommendations for Inter-
ventional Trials 2013 statement (online supplementary
file 1).22

Study setting

The main study site is St. Michael’s Hospital (SMH) in
Toronto, Ontario, Canada, where all data collection activ-
ities will be coordinated and data will be stored. Partici-
pants will be recruited from hereditary cancer clinics at
the Mount Sinai Hospital, Sunnybrook Health Sciences
Centre, and Princess Margaret Cancer Centre located in
Toronto. Recruitment began in July 2018 and is expected
to end by September 2020.

Population

We selected patients with cancer for our study popu-
lation as they represent a significant proportion of
patients that may receive IR. Patients with cancer often
undergo tumour DNA sequencing to identify prognostic
biomarkers and to target treatments,%_27 which is often
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Figure 1 Study flow. ICES, Institute for Clinical and Evaluative Sciences; RCT, randomised controlled trial.

times accompanied by germline sequencing on normal
control tissue. Germline GS also may offer increased
sensitivity over classic genetic tests, resulting in improved
diagnosis and decreased time-consuming and costly diag-
nostic cascades.® However, germline sequencing may
also lead to identification of IR. Therefore, patients with
cancer represent a large population that may receive IR
from GS.

Inclusion and exclusion criteria
We designed the eligibility criteria to reflect future clin-
ical eligibility for GS.

Inclusion criteria

» Personal and family history of cancer or polyposis
suggestive of a hereditary cancer syndrome.

» Previous uninformative genetic test results (negative
or (VUY)).

» 218 years of age.

» Speak and read English.

Exclusion criteria

» Received a positive or clinically significant (action-
able) genetic resultin a cancer gene (eg, BRCAI path-
ogenic variant).

» Received previous GS.

» Patient or partner is pregnant or planning to become
pregnant. This is to avoid any stress related to carrier
results. If a participant or their partner becomes preg-
nant over the study period, they will not be excluded.

» Recurrent or metastatic cancer (stage 4), since IR
could be perceived as burdensome to this population
due to ongoing health challenges® *or if they are in
active cancer treatment.

» If they or relatives participated in the decision aid
(DA) usability study or DA RCT that preceded this
RCT 23!

Study arms
Patients in the intervention and control arms will be
offered GS for their cancer history.

Intervention

Participants in the intervention arm will receive cancer
findings and be given the option to learn IR from up to
five categories of results (figure 2)."* These categories
were developed based on the binning model proposed
by Berg et al® The categories are organised by action-
ability, disease type and inheritance and have been tested
for face validity and comprehension.'”> We designed an
online interactive DA called the ‘Genomics ADVISER’ (
www.genomicsadvise1r.c0rn)12 1 that incorporates the
binning framework and will guide intervention partici-
pants in their selection of IR (figure 3). The Genomics
ADVISER has been evaluated and found to be acceptable,
intuitive to use, and provides sufficient information for
patients to reach an informed, value-congruent deci-
sion.' Its effectiveness in reducing decisional conflict
and improving knowledge for patients selecting IR was
evaluated in a separate RCT.*!

We will report pathogenic or likely pathogenic variants
for IR [variants expected to be disease causing, as per the
American College of Medical Genetics and Genomics
(ACMG) guidelines].g % For cancerrelated results, we will
report VUS results in addition to pathogenic and likely
pathogenic variants, given that VUS may be reclassified and
become relevant for participants’ primary indication.***

Control

Participants in the control arm will only learn cancer-re-
lated GS results (primary indication) and will not receive
IR. To account for recruitment bias, participants in the
control arm will be able to obtain IR at the conclusion
of the study.
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Examples

Aortic aneurysms, Long QT
syndrome

Medically Actionable

Common Disease

Risks Celiac disease, Type 1 diabetes

Rare Mendelian Hereditary blindness or deafness

Disorders
Category 4: Brain Diseases Early onset Alzheimer’s disease
Category 5: Carrier Status Cystic fibrosis, Sickle cell disease

Figure 2 Categories of incidental results.'?

Randomisation

We will consecutively randomise and allocate participants
from an existing list of eligible subjects using a comput-
er-generated randomisation in a 1:1 ratio with random
permuted blocks of varying sizes, stratified by clinic. Allo-
cations will be generated by a biostatistician and concealed
in envelopes by a team member not involved in adminis-
tering of the study. After a participant is consented and
completes baseline measures, the study coordinator will
open the envelope and reveal the allocation.

Patients randomised to the intervention arm may not
want their IR. This is unlikely given that >90% elect to
learn at least medically actionable findings.” Nonetheless,
patients randomised to the intervention will not have to
receive IR; but they will be followed and their outcomes will
be included in the intention-to-treat (ITT) analysis as per
standard RCT procedures for noncompliance.*®

Risk of bias

After assignment of study arm, the research team and
participants will not be blinded to allocation, owing to the
nature of the intervention. Each participant will be given

£ & Result Categories
= i Category 1: Medically Actionable

QENONIE

a code and the data will be analysed blindly. Codes will be
accessed after analysis is completed.

Hypotheses, theoretical frameworks, outcomes and analysis
Aim 1
Evaluate the psychological consequences of receiving IR

Hypothesis

Compared with patients receiving only primary results,
patients receiving IR will report higher levels of distress in
the short term (2 weeks), based on genetic testing studies
in this population.37

Theoretical framework

Baum’s model of stress and genetic testing posits that
distress after genetic testing is influenced by disease char-
acteristics (eg, severity, preventability), test result and
the extent to which uncertainty is reduced by testing,”
suggesting that learning high-risk IR for severe or unpre-
ventable diseases could lead to increased distress. Empir-
ical evidence supports such predictions. The receipt of
results from single-gene testing for a range of disorders
appears to have adverse psychological effects, including
emotional distress for individuals found to be at high risk,
but these effects are short lived.*** Whether such effects
are also true for IR from GS, which encompasses results
for multiple diseases, is unknown.

Outcomes

Our primary outcome, psychological distress, will be
assessed at 2 weeks, using the validated Hospital Anxiety
and Depression Scale (HADS). The HADS is the most
commonly used measure of generalised distress in genetic
testing.37 * The HADS will be assessed at baseline, imme-
diately after results are returned, and 2 weeks, 6 weeks, 6
months and 12 months later (table 1).

000,

Category 3: Rare Genetic Diseases
Category 4: Early-Onset Brain Diseases
Category 5: Carrier Status

GENOMICS
ADVISER

A Genomics decision AiD about Incidental

Sequencing Results Step 1: Learn

Step 4 : Decide

Figure 3 Overview of the GenomicsADVISER.com.?

resuls from Category 1, 3and 4

Step 2: Explore

Step 3: Prepare
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Our secondary psychological outcomes are Quality of
life measured by the 12-item Short Form Survey (SF-12),*
situational distress measured by the Impact of Events
Scale Revised (IES-R)**** and Multidimensional Impact
of Cancer Risk Assessment and decisional conflict by
the Decisional Conflict Scale,” administered as per the
schedule in table 1. Genetic discrimination will also be
assessed using an established questionnaire® and GS
knowledge will be assessed using a knowledge scale,”
administered as per table 1.

Sample size

Our primary endpoint is generalised distress using the
HADS assessed at 2 weeks. This measure has an accepted
minimally important difference of 2.5.52 We expect that
increased distress will arise from incidental findings,
which will only be given in the experimental group.
The difference in distress between the groups for those
receiving either no findings or only cancerrelated find-
ings is expected to be nil. Thus, any difference will be due
to the subset of the experimental group that receives inci-
dental findings. This group is expected to comprise 70%
of the experimental group. Therefore, an attenuated
treatment effect of 1.75 (2.5x0.7) on the HADS would
be expected when all randomised patients are included.
Based on an SD of 5, 130 patients per arm are required
to have 80% power at a two-sided 5% significance level
to detect a treatment effect of a difference of 1.75 on the
HADS.*

Analysis

The analysis of distress and secondary outcomes will
follow the ITT approach. Our primary time point of the
HADS is 2 weeks after return of results. Mean HADS and
all baseline measures’ scores will be compared at each
time point using an analysis of covariance (ANCOVA)
model to adjust for baseline values. The sample size
presented is for a t-test of the differences. The proposed
analysis adjusts for baseline by means of ANCOVA, which
has greater power than the t-test, substantially so for
moderate to large correlations between baseline and
follow-up.

Secondary analyses will adjust for known predictors of
the outcome, such as gender and nature of disease/ IR
We will report adjusted mean differences and 95% CIs of
each measure at each follow-up. We will perform a linear
mixed-effect model as a secondary analysis to explore if
the trajectories differ by group. We will also report the
proportion of participants with scores >11 on the HADS
and >23 on the IES-R, indicative of distress at baseline,
immediately after return of results and each follow-up.

During each follow-up, we will use a cut-off of 215 on
the HADS to screen for individuals that may be in acute
distress.”* The study genetic counsellors will have a discus-
sion with these participants and refer them to a mental
health professional or their family doctor if needed.

Aim 2
Evaluate the behavioural consequences of receiving IR.

Hypothesis

Compared with patients receiving primary results only,
patients receiving IR will report higher levels of intent
and uptake for risk-reducing behaviours based on medi-
cally actionable and non-actionable results.

We anticipate that most of the IR uncovered by GS will
not be medically actionable. However, we expect that
these results may still trigger behavioural changes or
clinical actions, which will be captured by gathering data
from multiple sources, including participants’ medical
charts, self-reported data and clinical databases.

Theoretical framework

The Extended Parallel Process Model (EPPM) of health
behaviour change suggests that high-risk results (in this
case IR) may motivate patients to adopt risk-reducing
behaviour, if patients perceive their risk as high and
their self-efficacy is also high.”> Genetic self-efficacy
refers to one’s confidence in understanding the role
of genetics for health, assessing personal genetic risk
for disease and in explaining genetic issues to other
individuals.”

Outcomes

We will evaluate intent and uptake of risk-reducing
behaviours and preventative services across all RCT
participants using modified items from the Centers for
Disease Control and Prevention’s validated Behavioral
Risk Factor Surveillance System (BRFSS)57and the NCI’s
Health Information National Trends Survey (HINTS).”
We have adapted items from the BRFSS and HINTS to
examine whether receiving IR influences participants’
intention to adopt or their actual self-reported adoption
of several risk-reducing behaviours (eg, dietary or medi-
cation changes). Consistent with the EPPM model,55 we
will also assess risk perceptions and genetic self-efficacy
using measures adapted from the literature.”® >

The BRFSS, HINTS, risk perception and self-efficacy
measures will be administered at baseline, 2 weeks,
6 weeks, 6 months and 12 months after results are
disclosed (table 1). Participants will also be surveyed
about intended and actual communication of results
to family members and use of results for reproductive
decision-making for themselves or their children at each
time point using questions derived from the related
literature.”

Behavioural consequences in relatives: At 6 weeks,
6 months and 12 months, participants will be surveyed
about cascade testing, that is, genetic testing of relatives
triggered by primary or IR identified in the participant.
These data will be triangulated, to the extent possible,
by surveying relatives; trial participants will be asked to
inform relatives about our interest in following up with
them and to provide them with our contact information.
If relatives contact us and provide consent, we will assess
their intended and actual risk-reducing behaviours using
the adapted BRFSS items 6-12 months after results are
returned to the trial participant.

6
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Analysis

The ITT approach will be followed. We will report the
proportion of participants and their relatives reporting
intent and adoption of risk-reducing and reproductive
behaviours, as attributed to GS results at each time point.
The primary time point of interest is 6 months, which will
be compared using a X? test. The absolute risk difference
and 95% CI will be reported. If the data permit, we will
explore whether demographic or clinical variables affect
behavioural change using multiple logistic regression
analysis.

Aim 3
Evaluate the clinical and personal utility of IR.

Quantitative phase

Hypotheses

Clinical utility

1. Medically actionable results: We anticipate that 1%-—
5% of participants electing to receive medically action-
able IR will receive such a result.”’

2. Non-medically actionable results: For participants
electing to receive common disease single-nucleotide
polymorphisms (SNPs), carrier status or pharmacog-
enomics results, we anticipate that 84%-100% will re-
ceive such IR.**' %

3. Medical actions: We anticipate that medically action-
able IR will trigger more clinical actions compared
with non-medically actionable IR. However, given the
higher prevalence of non-medically actionable IR, we
anticipate that more individuals will report clinical util-
ity based on the non-medically actionable results com-
pared with medically actionable IR.

Perceived utility
Compared with patients receiving primary results only,

patients receiving IR will report higher levels of perceived

utility.

Outcomes

We will evaluate the clinical utility of IR according to

established criteria for evaluating clinical utility of genetic

test results.” **

» Diagnostic yield: We will document the total number
of IR, the number and frequency of medically and
non-medically actionable results across the five
categories of IR and the average number of IR per
patient.

» Clinical actions: One year following the return of
results, we will record the numbers and types of
medical actions recommended and completed
following the return of IR obtained through patient
chart review.

» Perceived utility: Within our study, we have defined
perceived utility as perceived clinical utility and
personal utility, which will be evaluated using a scale
developed by Lupo et al,”” complemented by the qual-
itative phase per below.

Covariates

Additional standardised, validated measures of tolerance
for ambiguity®® and perceptions of uncertainties in GS
(PUGS)67 will be administered as per the schedule in
table 1. We will also assess clinical variables including: age
of cancer diagnosis and family history of cancer (present
or absent).

Analysis

We will report the number of IR and clinical actions
across the categories of IR and patients, with 95% CI
when appropriate. We will explore associations between
the covariates and perceived utility. The previous litera-
ture has indicated that sociodemographic variables are
not significant predictors of perceived utility.”” There-
fore, if the data permit, we will explore whether clin-
ical variables, tolerance of ambiguity and PUGS predict
perceived utility of IR using an ordinal regression model.

Qualitative phase

We will use in-depth interviews with patients and their
providers to provide further insight into the ways in which
IR may have utility.

Theoretical Framework: Grounded theory™ will be
used as the qualitative method, given that it is typically
used to explore basic social processes based on the theo-
retical assumptions of symbolic interactionism. "

Qualitative Interviews: We will conduct semi-structured
interviews to explore clinical utility for clinicians and
perceived clinical utility and personal utility for partici-
pants of IR 9-12 months after results are returned using
interview guides developed based on the literature review
and expert consultation. IR may not necessarily trigger
clinical actions but still have utility for patients and their
relatives. Qualitative interviews will provide insight into
outcomes of IR that may not be captured by quantitative
measures.

Sample size
Patients: We will interview up to 40 participants in the
intervention arm, a typical sample size for grounded
theory studies and usually sufficient to reach thematic
saturation.” 7' We will first purposively sample across
type of IR received (eg, actionable, SNPs, carrier results),
and then theoretically sample based on the emerging
fmdings.72 ™

Providers: With patients’ permission, we will inter-
view a subset of specialists (n:15—20)71 that interven-
tion patients were referred to as well as a subset of
the participants’ family physicians (n=15-20)"" 9-12
months after results are returned. These will constitute a
matched sample of patients and their physicians. Fifteen
to 20 is a typical sample size for qualitative studies with
professionals and sufficient to achieve saturation of
themes.”® ° ™" We will use maximal variation sampling”?
to ensure data reflect a broad range of practice demo-
graphics and across multiple strata, provider experience
and GS results.
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Qualitative analysis

Data analysis will draw on grounded theory method-
ology.”® ™ Qualitative data will be analysed concurrent
with data collection to explore preliminary themes
and revise the interview guide accordingly.”™™ Using
HyperRESEARCH, a qualitative data analytical software
program, we will sort the data by looking for themes
and variations within and across interviews. We will start
by open coding the data, which involves labelling the
data with descriptive codes. Two team members will
code each transcript independently and meet to discuss
their analyses until consensus is reached. Inter-rater
agreement and kappa coefficients will be calculated
to assess intercoder reliability. The next step involves
constant comparison, in which codes will be compared
across interviews to determine common themes and
relationships among them (axial coding).””"*”" The
last stage is selective coding, where the codes are inte-
grated to build a theory or explanatory model. Triangu-
lation and member checking will be used as validation
methods.” "

Aim 4
Evaluate the economic consequences of receiving IR.

Hypothesis

Health service utilisation and consequently health service
costs will be higher in patients receiving IR compared
with patients receiving primary results only.

Data sources

We will assess the health service use and costs associated
with receiving IR using data from the study and the Insti-
tute for Clinical and Evaluative Sciences (IC/ES), an
organisation that houses health administrative data for
Ontario residents. Each participant will be linked by a
unique health insurance number to administrative data-
bases at IC/ES. Patient records will be analysed from IC/
ES at 12 months for short-term analysis (which aligns with
the last time point that measures are administered in the
RCT) and 5 years after return of results for a longer term
analysis.

Health service use

We will analyse health service use, such as physician visits,
emergency room visits, outpatient visits, hospitalisations,
medical procedures (eg, surgery, screening), laboratory
investigations and additional testing including imaging.
We will only consider the services incurred to the health
system.

Cost of health services

We will examine the total cost, and use, by type of service
between the two study groups after 12 months and 5 years.
The outcome is the incremental cost of the intervention
(primary and IR) compared with the control (primary
results only) from the perspective of the public health
system payer over the study period.

Health service use and economic consequences in relatives

For participating relatives, we will assess health services
use and their respective costs using similar methods
described above to account for the spillover effects of
medical and non-medically actionable IR from GS. For
relatives, we also aim to triangulate these data with self-re-
ported data.

Analysis

Health service use
We will describe the type and frequency of health service
use for patients receiving IR versus not receiving IR.

As a secondary analysis, we will explore the potential
economic consequences of receiving IR on health service
utilisation using a two-part model (a logistic model for the
propensity of utilisation and a negative binomial model
for the intensity of utilisation).* 10508 These findings can
help explain potential differences in health service use
between the two study groups.

Cost of health services

We will conduct a descriptive analysis to report healthcare
costs. Subsequently, we will analyse total cost as a depen-
dent variable, using a regression model, to estimate the
difference in expected healthcare costs between the two
arms. The intervention variable will be the primary inde-
pendent variable and the regression model will adjust for
potential confounding variables (eg, age, sex and family
history) in a generalised linear model.** We will explore
different link functions and family distributions (eg, log
link and gamma family) to facilitate careful investiga-
tion of the impact that various assumptions have on our
conclusions. As secondary outcomes, we will conduct the
analysis from the societal perspective where we include all
costs from the public health system payer’s perspective,
including out-of-pocket costs to participants and their
relatives using study data. Uncertainty of the findings will
be explored and characterised using approaches, such as
95% CI.

Additionally, if data allow, we will explore the potential
cost-effectiveness of IR. For example, we will assess the
cost-effectiveness of receiving IR in terms of an incre-
mental cost for one quality-adjusted life year gained.
Health-related quality of life data (SF-12) will be collected
from the RCT and converted to health utility using a vali-
dated algorithm.” ** Costs will include those described
above. We will explore a cost-effectiveness analysis over
a l-year and over a 5-year period to determine whether
receiving IR is an overall cost or saving to the public
health system.

Recruitment and enrolment

Figure 4 outlines the recruitment process. Eligible
patients will be informed about the study by their genetic
counsellor from one of the recruiting clinics. Interested
participants will be scheduled for an initial in-person
study meeting at SMH with the study coordinator and
study genetic counsellor.
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Figure 4 Recruitment process. SC, study coordinator; GC, genetic counsellor

Procedures for qualitative recruitment
A subset of participants who receive IR, their family doctors
and specialists will be invited to participate in interviews.

Study flow

Figure 1 outlines the study procedures. Interested partici-
pants will be consented during the in-person meeting and
subsequently complete baseline measures, followed by rando-
misation. Study measures will be collected and managed
using Research Electronic Data Capture (REDCap).” The
REDCap database will be accessible to approved members of
the research team. The server is administered by the Applied
Health Research Centre at SMH. Each team member will
have their own individual login and password. All data will be
kept on secure servers at SMH.

Following randomisation, participants in both arms will
receive genetic counselling from a certified genetic coun-
sellor. Participants in the intervention arm will select IR
using the DA with additional counselling provided by the
study genetic counsellor as needed.

Following the consent session, the participant’s exome
will be sequenced using DNA from a banked sample or
extracted from a fresh blood sample if banked DNA is
unavailable.

All DNA samples will be sequenced at The Centre
for Applied Genomics (TCAG) in Toronto. TCAG will
provide the raw sequencing data for transfer to a secure
site at MSH/SHS (Sinai Health System); data will be anal-
ysed using a suite of software tools that follow the best
practices for analysis of exome data developed by JLE at
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SHS . The study team will assess variants for pathogenicity
using established guidelines and categorise results.” Once
analysis is complete, reports will be generated by a board
certified clinical molecular geneticist JLE (Diplomate of
the American Board of Medical Genetics and Genomics,
DABMG and Fellow of the American College of Medical
Genetics and Genomics, FACMG), Director and Head of
the Advanced Molecular Diagnostic Laboratory (AMDL)
or JCC (FACMG) at MSH and the analysis team.

Once the reports are generated, the study counsellor
will consult with RHK, the clinical geneticist for the RCT,
about appropriate actions for the primary and IR. The
study genetic counsellor will relay this information to
the recruiting genetic counsellor and together, they will
devise a plan for return of results.

Following the results session, the study genetic coun-
sellor, in consultation with JLE and RHK, will develop
consult notes summarising the results, recommendations
and suggested referrals for both the primary results and
IR. The consult note will be forwarded to the recruiting
clinic that will facilitate the referrals to the appropriate
genetics clinic for clinical confirmation and counselling.
An expedited system has been set up with local genetics
clinics to facilitate appointments for participants with
positive results from the trial. Each participant and
their family physician will receive a consultation note
(online supplementary files 2,3). After the results session,
follow-up measures will be evaluated over the phone with
an SMH study coordinator per the schedule in table 1.
If participants miss any sessions, we will follow up with
them to ensure they complete their measures on time.
For participants who drop out of the study, we will still
have access to their medical records and be able to eval-
uate their health outcomes.

We also will send each participant’s family physician a
letter notifying them of their patient’s enrolment (online
supplementary file 4).

Participants can choose to leave the study at any time.
If participants leave prior to sequencing of their DNA,
their sample will be destroyed. For participants who leave
after sequencing, the raw sequence data will be destroyed,
unless it has already been uploaded to a database. In this
case, the data will not be removable from the database,
but participants can choose to remove their data from the
study itself. Results of any analysis, including sequencing
data and any other information recorded before with-
drawal, will still be used by the researchers for the study
purposes, but no new information will be collected.

Any providers who agree to interviews will be consented
by the study coordinator and interviewed by phone.

Genomic sequencing and binning framework

GS will be performed using next-generation sequencing
on the Illumina HiSeq 2500 platform. The raw sequence
reads will be analysed at secure sites at SMH and MSH
using AMDL’s GS pipeline that uses alternative and vali-
dated software tools that have been cross-validated against
internal standards.

For participants in the control group, raw sequencing
data will be filtered to exclude variants not associated with
cancer, so that the laboratory and research team are blinded
to non-cancer results. Therefore, variants for IR will not be
analysed until the 1-year time point for these participants. In
the case that a medically actionable IR is inadvertently iden-
tified for a control participant in the analysis process, the
result will be returned to the participant immediately and
will not be withheld until the end of the study.

For the primary cancer indication, a list of 151 genes was
generated using genes from hereditary cancer panels issued
by reputable labs, Invitae, GeneDx, Ambry Genetics and the
Catalogue of Somatic Mutations in Cancer v86 database.

Intervention participants will select IR using a modified
version of Berg’s proposed binning structure, described
above™ (figure 2). The development of our binning struc-
ture and list are elaborated elsewhere.'* * Briefly, Bin 1
encompasses medically actionable genes and was devel-
oped using the 59 genes recommended by the ACMG
and The Clinical Genome Resource’s list of actionable
genes.”® Currently, the list contains 90 genes. Bin 1 also
includes pharmacogenomic variants, extracted from the
Pharmacogenomics Knowledgebase, a publicly available
interactive database of pharmacogenomics variants. Bin
2 is composed of SNPs for common diseases (eg, age-re-
lated macular degeneration). SNPs are variations in a
single position in the DNA sequence between individuals
that can be associated with small increased or decreased
risks of developing diseases. SNPs that reached genome-
wide significance (p<5x10~*) and had a reported OR >2.0
from the NHGRI-EBI Catalogue (V.1.0.2) of published
genome-wide association studies were included. Bin 3 is
composed of all genes associated with Mendelian disor-
ders not included in Bin 1 or Bin 4; the list was generated
using Online Mendelian Inheritance in Man.*® Bin 4 is
composed of early-onset neurological disorders, such as
early-onset familial Alzheimer’s disease.***! Bin 5, carrier
results, was developed using genes used by the Clinical
Sequencing Exploratory Research consortium.”

Patient and public involvement

We have recently formed a patient advisory board that we
will engage over the course of our trial. These patients will
be involved with the conduct and reporting of the study.

ETHICS AND DISSEMINATION

Ethics

In the case that protocol amendments are required,
revisions will be submitted to the Streamlined Research
Ethics Review System. All changes will be communicated
to the study team and ethics board. If there are any
changes that directly affect patients or require consent,
all enrolled patients will be informed of the changes.
All participants will be consented in person by the study
coordinator, who will review the form in detail, answer
questions and obtain permission to access medical chart
information. Participants will receive a copy of the form
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(online supplementary file 5). All information collected
will be kept confidential. There will be data and sample
transfer agreements between SMH and each site. The
study will not have a data monitoring committee given
that we do not anticipate severe adverse effects and was
not required for our study by the Research Ethics Board
(REB). To assure the conduct of quality research, the St.
Michael’s Hospital Research Ethics Board does regularly
conduct audits of research studies.

Dissemination
We intend to share results through local, national and
international conferences and publications in peerre-
viewed journals. Authorship eligibility will be based on
The International Committee of Medical Journal Editors.
Furthermore, we will organise a stakeholder workshop
with genetic counsellors, geneticists, oncologists, family
physicians, laboratory professionals and patients to
develop recommendations to optimise the return of IR
from GS in clinical practice. Our team will also work with
GEC-KO (Genetics Education Canada) (http://genet-
icseducation.ca), of which JCC is a codirector, in order
to develop educational materials on managing IR for
primary care physicians, based on study results. Finally, we
will develop policy briefs in collaboration with our policy
partners from Health Quality Ontario and the Canadian
Agency for Drugs and Technology in Health to inform
health technology assessment and funding decisions for
GS.

The final trial dataset will be accessed by the principal
investigator, immediate study team and biostatistician.
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