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Protocol

Abstract
Introduction  Genome sequencing, a novel genetic 
diagnostic technology that analyses the billions of 
base pairs of DNA, promises to optimise healthcare 
through personalised diagnosis and treatment. However, 
implementation of genome sequencing faces challenges 
including the lack of consensus on disclosure of incidental 
results, gene changes unrelated to the disease under 
investigation, but of potential clinical significance to the 
patient and their provider. Current recommendations 
encourage clinicians to return medically actionable 
incidental results and stress the importance of education 
and informed consent. Given the shortage of genetics 
professionals and genomics expertise among healthcare 
providers, decision aids (DAs) can help fill a critical gap 
in the clinical delivery of genome sequencing. We aim to 
assess the effectiveness of an interactive DA developed for 
selection of incidental results.
Methods and analysis  We will compare the DA in 
combination with a brief Q&A session with a genetic 
counsellor to genetic counselling alone in a mixed-
methods randomised controlled trial. Patients who 
received negative standard cancer genetic results for 
their personal and family history of cancer and are thus 
eligible for sequencing will be recruited from cancer 
genetics clinics in Toronto. Our primary outcome is 
decisional conflict. Secondary outcomes are knowledge, 
satisfaction, preparation for decision-making, anxiety and 
length of session with the genetic counsellor. A subset of 
participants will complete a qualitative interview about 
preferences for incidental results.
Ethics and dissemination  This study has been 
approved by research ethics boards of St. Michael’s 
Hospital, Mount Sinai Hospital and Sunnybrook Health 
Sciences Centre. This research poses no significant risk 
to participants. This study evaluates the effectiveness of 
a novel patient-centred tool to support clinical delivery of 
incidental results. Results will be shared through national 
and international conferences, and at a stakeholder 

workshop to develop a consensus statement to optimise 
implementation of the DA in practice.
Trial registration number  NCT03244202; Pre-results.

Introduction 
Genome sequencing, a test designed to 
analyse the billions of base pairs of DNA in 
the human genome, can improve diagnosis 
and inform targeted treatments, corner-
stones of personalised healthcare.1–3 The 
100  000 Genomes Project, which aims to 
sequence the genomes of 100  000 National 
Health Services patients, aims to increase the 
utilisation of genome sequencing in main-
stream healthcare.4 However, widespread 
implementation of genome sequencing faces 
challenges, including the lack of a consensus 
on how to counsel patients on the wide range 
of incidental results generated.

Incidental sequencing results are genetic 
mutations that are unrelated to the disease 

Strengths and limitations of this study

►► The study is hypothetical and predicted behaviour 
may differ from actual behaviour

►► This study will assess the effectiveness of a novel 
patient-centred tool to support clinical delivery of in-
cidental sequencing results, filling a significant gap 
in light of limited genomics expertise and resources.

►► Our study will include a qualitative component that 
will allow us to gain insight into participants’ selec-
tion of incidental findings. The results of this could 
help guide clinicians in counselling patients to facil-
itate shared-decision making.
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under investigation but of potential clinical significance 
to the patient and their healthcare provider. The return of 
incidental results has numerous practical and ethical impli-
cations, especially with regard to which types of results to 
return to patients. This has generated significant contro-
versy and there continues to be variation in the practice 
of returning incidental findings across laboratories and 
clinics.5 6 The American College of Medical Genetics 
and Genomics (ACMG) recommends that, at minimum, 
patients undergoing genome sequencing be offered the 
option to receive results for 59 medically actionable genes 
which the ACMG defined as those associated with a high 
penetrance (high likelihood of disease developing) and for 
which there is available medical intervention.7 An example 
of a gene in the ACMG list is KCNQ1, which is associated 
with long QT syndrome, a condition that can result in an 
arrhythmia, syncope, cardiac arrest and sudden death. 
Preventive measures available for individuals identified 
to have long QT syndrome include beta-blockers, cardiac 
sympathetic denervation surgery or an implantable cardio-
verter defibrillator with the goal to prevent syncope, cardiac 
arrest and sudden death.8 The Clinical Genome Resource 
(ClinGen), a central resource on the clinical relevance 
of genes and  variants, is curating a database which now 
contains over 100 genes that they deem as having some level 
of clinical actionability.6 Furthermore, data from public 
preference studies on the return of incidental results have 
consistently demonstrated that individuals prefer to receive 
incidental results beyond those that are classified by profes-
sionals and researchers as medically actionable.9

The volume of incidental results is substantial. Studies 
have shown that 96% of participants undergoing genome 
sequencing are found to have pharmacogenetics results, 
variants related to drug side effects.10 Additionally, 
84%–100% are found to have carrier results, which 
inform patients that although they are unaffected with 
the disease, they are at risk to have an affected child 
if their partner is also a carrier of the same disease.3 10 
Furthermore, some diseases identified through genome 
sequencing will have available prevention strategies or 
treatments, whereas others will not. Therefore, it could 
be argued that patients require extensive genetic counsel-
ling (GC) for the myriad of possible incidental genomic 
results, the implications for their health as well as the 
health of their family members, in order to make an 
informed decision.

As the use of genome sequencing increases, the 
demand for GC will increase. Traditional GC methods 
require hours of education and counselling, costly and 
infeasible given the limited numbers of genetic counsel-
lors.11 12 Novel strategies to educate patients and reduce 
the burden on genetic counsellors to support patients’ 
pretest preferences for incidental results are needed. 
Decision aids (DAs) may reduce the amount of time 
genetic counsellors spend with patients in pretest coun-
selling sessions and guide patients in the selection of 
incidental results that they wish to receive before they 
undergo genome sequencing.

DAs in GC improve pretest patient education. They can 
assist in educating patients about genetic testing while 
provoking thoughts around the benefits and limitations 
of testing.13–18 DAs are effective in increasing knowledge 
in patients undergoing prenatal and cancer testing,14 15 
and in reducing cancer-related distress in women with 
a BRCA1 or BRCA2 gene mutation.16 Interactive online 
DAs result in equal or improved knowledge acquisition 
over conventional counselling.17 Yet there are no DAs to 
support patient selection of incidental results. Other deci-
sion support tools available review genome sequencing 
prior to testing18 but do not focus on incidental results.

We created an interactive DA called the ‘Genomics 
ADvISER’(a Genomics decision AiD about Incidental 
SEquencing Results) (figure 1) to guide patients’ selec-
tion of incidental results (www.​genomicsadviser.​com) 
based on the evidence-based Ottawa Decision Support 
Framework (ODSF)19–22 and guidelines for returning 
incidental results described elsewhere.23 Briefly, the DA 
consists of a background whiteboard video that reviews 
key concepts of genome sequencing and risks and benefits 
of learning incidental sequencing results. This is followed 
by preparation for decision-making using a values clarifi-
cation exercise (with feedback of their preferences) and 
a knowledge quiz to reinforce the key concepts. The DA 
ends by asking participants to select categories they want 
to learn from among five categories of incidental results, 
consistent with conceptual ‘binning’ guidelines24–26 (see 
figure  2). The DA was evaluated in a usability study in 
which the DA demonstrated strong face validity, accept-
ability and high content comprehension. All usability 
study participants felt that the DA had enough informa-
tion to make a decision and they would recommend the 
DA to others.26

Study aim
The primary aim of the study is to evaluate the effective-
ness of a DA developed for pretest GC to guide the selec-
tion of incidental sequencing results. We hypothesise that 
the DA in conjunction with a brief Q&A session with a 
genetic counsellor will result in less decisional conflict 
(primary endpoint), less time spent with a genetic coun-
sellor and improved patient experience (knowledge, 
satisfaction, preparedness, shared decision-making) 
and health outcomes (reduced anxiety) compared with 
patients undergoing GC alone. The secondary aim of the 
study is to explore the factors affecting the selection of 
incidental findings through qualitative interviews.

Methods and analysis
Study design
This is a mixed-methods randomised  controlled trial 
(RCT) that will evaluate whether an online DA followed 
by a brief Q&A session with a genetic counsellor reduces 
decisional conflict compared with GC alone. Partici-
pants will view the DA and have a brief Q&A session with 
a genetic counsellor or GC only, and be asked to select 

www.genomicsadviser.com


3Shickh S, et al. BMJ Open 2018;8:e021876. doi:10.1136/bmjopen-2018-021876

Open Access

incidental results that they would like to learn if they were 
offered genome sequencing and incidental results. The 
goal of the study is to evaluate the effectiveness of the 
DA in pretest counselling so participants will not undergo 
genome sequencing or be provided with any results; 
therefore, the study is hypothetical. However, partici-
pants will learn about genome sequencing, which may be 
beneficial to them since they may be eligible for genome 

sequencing at some point in the future. A subset of partic-
ipants will complete a follow-up qualitative interview.

Study setting
The main study site is St. Michael’s Hospital in Toronto, 
Ontario. Patients will be recruited from cancer genetics 
clinics at Mount Sinai Hospital and Sunnybrook Health 
Sciences Centre located in Toronto, Ontario. The 

Figure 1  The Genomics A.

Figure 2  Binning tool.
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recruitment period started in September 2016 and is 
expected to end by March 2018.

Participants
Eligibility criteria were developed to reflect future clin-
ical eligibility for genome sequencing; participants 
will be patients whose personal and family history is 
suggestive of an inherited cancer syndrome but first-
tier genetic testing for classic causative mutations (eg, 
BRCA1/2) has been negative. Genome sequencing may 
be used as a second-tier test in identifying the causative 
mutation. Patients must be 18 years of age or older, be 
able to speak and read English, have internet access 
and be internet literate. Patients will be excluded if 
they have recurrent metastatic cancer (stage 4), since 
studies indicate that incidental results are perceived 
as burdensome to this population given their ongoing 
health challenges.27 Patients and their family members 
who participated in the usability study of the DA that 
preceded this RCT will also be excluded, to reduce 
confounding.23

Recruitment
Eligible patients will be informed about the study by 
a genetic counsellor during their clinic visit or over 
the phone when their negative genetic test results are 
returned. During an in-person clinic visit, interested 
patients will be given a copy of the study invite package. 
Those who are interested will be asked to fill out the 
contact form that will be given to the study coordinator 
who will follow-up with the patient. If their negative 
results are disclosed over the phone, the genetic coun-
sellor will complete the study contact information for 
interested patients. The study coordinator will contact 
interested patients on the phone and explain the study 
further. Patients will also have the option of contacting 
the study coordinator directly and will be given the study 
coordinator’s phone and email contact information by 
the genetic counsellor.

Procedure for qualitative recruitment
All consented participants will be invited to participate in 
qualitative interviews. Participants will be able to refuse 
to take part in the qualitative component and still partic-
ipate in the RCT. We will interview up to 40 participants 
in total across both arms of the study, a typical sample 
size for grounded theory studies and sufficient to reach 
thematic saturation.28–30 We will first purposively sample 
participants across the arms of the study, and then theo-
retically sample based on emerging findings.31 32

Data collection
After being consented by the study coordinator, partic-
ipants will complete a baseline questionnaire including 
demographic information, cancer history, genome 
sequencing knowledge and anxiety. Medical history will 
be collected from participants’ medical charts with their 
consent. The study coordinator will access medical chart 
information for each participant from the recruiting 
clinic which will be used to describe the study popula-
tion and confirm cancer and genetic testing history. The 
study coordinator will provide the study genetic counsel-
lors with the patient’s medical history and genetic testing 
history prior to the GC sessions.

Following the consent procedure and baseline data 
collection, participants will be randomised into the 
control arm (GC) or intervention arm (DA+a brief Q&A 
session with a genetic counsellor) of the study (figure 3).

Participants from each clinic will be randomised sepa-
rately to ensure that we have an even distribution of 
patients represented from all clinics in both arms of the 
study. A biostatistician will create a computer-generated 
randomisation list in a 1:1 ratio with random permuted 
blocks of varying sizes. The biostatistician will put all of 
the allocations into envelopes and seal them. The list will 
be given to a research assistant who does not have any role 
in the recruitment or tracking of participants in the study. 
These envelopes will be kept in a locked cabinet in the 
study office and will be retrieved by the study coordinator 

Figure 3  Study flow.
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when needed. They will only be opened after each patient 
is consented and has completed the baseline measures.

For the GC components of the study, six genetic coun-
sellors (three for control and three for intervention) 
will be trained prior to the study on the scripts to ensure 
consistency in the content and delivery of the counselling 
materials.

With regard to measures, our primary outcome is 
decisional conflict, assessed via the validated Decisional 
Conflict Scale (DCS)33 consistent with the ODSF.22 
Secondary outcomes include knowledge, satisfaction, 
anxiety and length of GC session. Knowledge will be 
measured by a genome sequencing questionnaire34 and 
a set of internally  developed knowledge questions on 
incidental results. Satisfaction will be measured using the 
Satisfaction with Decision (SWD)35 scale and the Prepara-
tion for Decision Making (PrepDM) scale.36 Anxiety will 
be measured using the state subscale of the State-Trait 
Anxiety Inventory (STAI),37 a commonly used psycholog-
ical assessment tool to measure state anxiety in adult popu-
lations including those with chronic conditions.38 Both 
the control and intervention GC sessions will be recorded 
and the length of the sessions will be documented. This 
will allow us to assess if the DA reduces consultation time, 
which could help to inform resource needs in the clinical 
implementation of genome sequencing.

Control arm
After participants have been consented and randomised 
into the control arm, the study coordinator will schedule 
them for their phone GC session within 14 days. Prior to 
the phone GC session, the study coordinator will speak 
with the genetic counsellor over the phone and share 
relevant participant details. This would include partici-
pant’s name, recruiting clinic, personal and family history 
of cancer as well as the type of genetic testing they have 
undergone. Details regarding their cancer history and 
genetic testing would be important for the counsellor 
to know if the participants have questions related to the 
genetic testing they have undergone.

After scheduling the GC session, the study coordinator 
will send an email to participants that includes a set of 
standard counselling visual aids (see online supplemen-
tary file 1) that will be used during the phone counselling 
session as well as the link and website login code where 
they will complete the online self-administered measures 
immediately after their session. The Genomic Coun-
selling Guide is an eight-page booklet designed by the 
National Society of Genetic Counselors.39 The booklet 
includes visuals of cells, genes, chromosomes and a table 
summarising the five categories of incidental results that 
will be referred to during the GC session (figure 2). This 
is consistent with standard GC practice where visual aids 
are commonly used.

A script of genome sequencing topics will standardise 
each GC discussion covering educational content 
to enable patients to select categories of incidental 
sequencing results (see online supplementary file  2). 

Participants in the control group will not view the DA 
video or complete the values clarification exercise or 
knowledge quiz. At the end of the GC session, the genetic 
counsellor will ask the participant to select which cate-
gories of incidental results they would like to receive if 
they were offered genome sequencing and record these 
on the data collection form. The data collection form 
includes notes taken by the genetic counsellor from 
the discussion with the study coordinator (participant 
study number, cancer history, genetic testing history) as 
well as the participants’ category selections, notes about 
questions the participants asked during the counselling 
session and the start and end time of the session. The 
genetic counsellor will complete the form and submit it 
to the study coordinator for each participant. After the 
session, the genetic counsellor will ask the participants 
to complete the online self-administered measures (deci-
sional conflict, genome sequencing knowledge, satisfac-
tion with decision-making and anxiety).

Intervention arm
After participants have been consented and randomised 
into the intervention arm, the study coordinator will 
provide them with a date for their brief phone Q&A 
session with a genetic counsellor within 14 days and send 
them an email with a link to the online DA along with a 
unique login code. This email will instruct the interven-
tion participants to log on to the DA programme, view 
the DA and complete online self-administered measures 
1 hour before their scheduled meeting with the genetic 
counsellor. The DA responses will be recorded in a data-
base through an online provider. Prior to the brief phone 
Q&A session, the study coordinator will speak with the 
genetic counsellor over the phone and share relevant 
participant details (such as the patient’s cancer history).

After completing the online DA and measures, partic-
ipants will speak with a genetic counsellor over the tele-
phone. During the session, the genetic counsellor will use 
a standardised script (see online supplementary file  3) 
of questions and will have access to the participant’s 
incidental result selections from the DA. At the end of 
the session, the genetic counsellor will ask the partici-
pants to complete another set of online self-administered 
measures (decisional conflict, genome sequencing knowl-
edge, satisfaction with decision-making and anxiety). 
After the session with the participant, the genetic coun-
sellor will complete the post session data collection form 
and submit it to the study coordinator.

Qualitative component
Once participants have completed the quantitative 
component, the study coordinator will follow-up with 
participants who indicated an interest in the qualita-
tive component over the phone. The coordinator will 
confirm their interest, and will schedule the telephone 
interview if they elect to proceed. The coordinator will 
call the participant at the scheduled time for the inter-
view and, using an interview guide, will explore factors 

https://dx.doi.org/10.1136/bmjopen-2018-021876
https://dx.doi.org/10.1136/bmjopen-2018-021876
https://dx.doi.org/10.1136/bmjopen-2018-021876
https://dx.doi.org/10.1136/bmjopen-2018-021876
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that affected that participant’s selection of incidental 
results (see online supplementary file 4). The interview 
guide will be developed based on a literature review and 
expert input, and modified based on data analysis. The 
interview guide will specifically explore: their interest 
in learning the categories they selected, factors that 
led them to select or not select each category and how 
they feel results from the categories they selected will be 
useful to them.

These interviews will be audio recorded and will take 
about 1 hour. The interviewer will take field notes imme-
diately after each interview and interviews will also be 
transcribed verbatim.

Data analysis and statistical methods
Quantitative
The analysis of outcomes will follow the intention-to-treat 
approach. Mean DCS, SWD, PrepDM  and STAI scores 
and session length will be compared using a t-test. The 
study requires 64 patients/arm to detect the minimal 
clinically important difference of 0.3 using the DCS, 
assuming an SD of 0.6, an alpha of 0.05 (two-sided) and 
power of 0.8.40 41

Knowledge scores will be assessed by summing the 
number of correct responses to the questions, and 
compared using t-tests. Linear regression will be used in 
a secondary analysis to account for the following known 
predictors for decisional outcomes: age, gender, educa-
tion and medical history (presence or absence of cancer). 
Secondary exploratory analyses will compare the mean 
DCS, knowledge, SWD, PrepDM and STAI scores before 
and after GC in the intervention arm to explore the addi-
tional benefit of speaking with a genetic counsellor after 
the DA. Un/adjusted mean differences and 95% CI will 
be reported. We will use descriptive statistics to report 
participants’ characteristics.

Qualitative
Qualitative data analysis will draw on grounded theory 
methodology.42 The qualitative data will be analysed 
as the study progresses and preliminary themes will be 
formed. Typical of constant comparison techniques, 
qualitative data will be analysed concurrent with data 
collection to explore preliminary themes and revise the 
interview guide.43–47 We will sort the data by searching 
for themes/patterns and variations within and across 
interviews using NVivo (V.10). Coding, which is the first 
stage in the analysis process, will involve ‘labeling’ the 
data with descriptive codes. Two team members will inde-
pendently code each transcript. Consensus on coding will 
be reached through comparison and discussion among 
these members. Inter-rater agreement and kappa coef-
ficients will be calculated to assess intercoder reliability. 
The second stage will involve constant comparison, 
where codes and their content will be compared across 
interviews to discern common and divergent themes and 
issues.43–46 The final stage is selective coding, which inte-
grates all the codes under a central phenomenon to build 

a theory. Validation methods include triangulation and 
member checking.47 48

Ethics and dissemination
Ethics
This research poses no more than minimal risk to 
participants.

Informed consent will take place over the phone and 
will be recorded. All participants will receive a copy of the 
consent for their own records. The study coordinator will 
review the consent form in detail, and answer any ques-
tions regarding the study. Audio recordings of the phone 
consents will be kept in a locked file in the study office 
of St. Michael’s Hospital. The study coordinator will sign 
the consent checklist, which will be kept in a separate 
location from other study materials, in the study offices 
in St. Michael’s Hospital. The consent will ask for permis-
sion for access to medical records at recruiting clinics and 
permission to recontact participants for future studies. 
All information collected during this study, including 
personal information, will be kept confidential.

Dissemination
This research evaluates a novel patient-centred tool to 
support clinical delivery of incidental sequencing results, 
the Genomics ADvISER. The Genomics ADvISER will be 
used as the decision support tool among patients having 
genome sequencing to select incidental results, which will 
be returned to them as part of another RCT trial which will 
assess the preferences, outcomes and costs of returning 
incidental results. We will present the data from both 
trials at a stakeholder workshop to develop a consensus 
statement on the pathway to care in order to optimise 
implementation of the DA in practice. Stakeholders will 
include key opinion leaders/champions and end-users 
such as genetic counsellors, geneticists, oncologists, 
patients and clinical laboratories. Research articles based 
on the results will be written and submitted for publica-
tion in peer-reviewed journals. Additionally, results will be 
shared at national and international genetics and policy 
conferences.
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