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ABSTRACT
Introduction In the USA, up to 95% of individuals 
harbouring cancer- predisposing germline pathogenic 
variants have not been identified despite recommendations 
for screening at the primary care level.
Methods and analysis Our primary objective is to use 
a two- arm, single- institution randomised controlled 
trial to compare the proportion of eligible patients that 
are recommended genetic testing for hereditary cancer 
syndromes using a digital tool versus clinician interview 
for genetic cancer risk assessment in an urban academic 
gynaecology clinic. New gynaecology patients will be 
consented and randomised 1:1 to either the intervention 
arm, in which a digital tool is used for genetic cancer risk 
assessment, or usual care, in which the clinician performs 
genetic cancer risk assessment. Individuals will be 
considered eligible for hereditary cancer syndrome genetic 
testing if criteria set forth by the National Comprehensive 
Cancer Network Clinical Practice Guidelines in Oncology 
are met. Eligible patients are 18 years or older, speak and 
read English, have not yet undergone hereditary cancer 
genetic testing and have access to a smartphone. The 
study aims to enrol 50 patients in each arm to allow for 
80% power with two- tailed alpha of 5% to detect a 20% 
difference in proportion of eligible patients recommended 
for genetic testing. The primary outcome is the proportion 
of eligible individuals recommended genetic testing in the 
digital tool arm versus usual care arm, analysed using the 
χ2 or Fisher’s exact test as appropriate for sample size. 
The secondary outcome is completion of genetic testing, 
as well as exploration of patient factors, particularly social 
determinants of health, which may affect the receipt, 
utilisation and experience with genetic services.
Ethics and dissemination This study has been approved 
by the Weill Cornell Institutional Review Board (Protocol 
No. 21- 11024123). Participants will be informed of 
the benefits and risks of participation prior to consent. 
Dissemination of data will be deidentified and conducted 
through academic conferences and journals. Patients 
identified to be eligible for genetic testing who did not 

receive counselling from their providers will be contacted; 
participants will not receive direct notification of trial 
results.
Registration details This trial is registered at  
clinicaltrials. gov (NCT05562778) in September 2022.
Protocol version This is protocol version 1, as of 22 May 
2024.
Countries of recruitment and recruitment status USA, 
currently recruiting.
Health conditions/problems studied Genetic 
predisposition to cancers such as breast, ovarian, uterine 
and pancreatic.
Deidentified individual clinical trial participant-level 
data (IDP) sharing statement IDP will not be shared.
Trial registration number NCT05562778.

INTRODUCTION
Hereditary cancer syndromes, or the genetic 
predisposition to specific cancers caused by 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ Randomised controlled design and comparison to 
usual care allows for evaluation of the impact a dig-
ital risk stratification tool may have on increasing 
counselling for patients eligible for genetic testing.

 ⇒ Study site at a racially and ethnically diverse, 
Medicaid- predominant clinic with a goal of captur-
ing populations that have been historically under-
served regarding genetic care.

 ⇒ Broad inclusion criteria were used to optimise gen-
eralisability. However, inclusion criteria requiring 
English- speaking and reading patients and single 
study site limits generalisability of the tool in certain 
populations.

 ⇒ The focus of the study is to increase the number of 
patients receiving genetic cancer risk assessment, 
which is endorsed by national guidelines.
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inherited germline pathogenic variants, cause an esti-
mated 13% of cancers.1 Among individuals with hered-
itary cancer syndromes, measures to reduce cancer risk 
have been shown to decrease cancer incidence, morbidity 
and mortality.2–4 However, in the USA, as many as 95% 
of individuals harbouring cancer- predisposing germline 
pathogenic variants have not been identified despite 
recommendations for screening at the primary care 
level and thus do not receive counselling regarding stan-
dard recommended risk reducing measures.5 Further, 
under- recognition of cancer- predisposing pathogenic 
variants and a lack of receipt of genetic services is more 
pronounced among individuals identifying as racial or 
ethnic minorities or with public insurances.6–9

Collection and interpretation of family cancer history 
is a cornerstone of genetic cancer risk assessment to 
determine national guideline- based eligibility for genetic 
testing for hereditary cancer syndromes. The use of 
digital tools has been demonstrated to be more effec-
tive than usual clinician interview for the collection and 

interpretation of personal and family history, with high 
patient acceptance and satisfaction.10–13

We hypothesise that implementation of a risk assess-
ment tool in a gynaecology clinic will improve receipt of 
appropriate genetic services. The primary objective of 
this randomised controlled trial is to compare the rate of 
recommendation for genetic testing for hereditary cancer 
syndromes among eligible patients when genetic cancer 
risk assessment is performed via a digital tool versus usual 
clinician interview.

METHODS AND ANALYSIS
Trial design
This single institution randomised controlled trial will 
compare the rates of recommendation for genetic testing 
among eligible patients to the standard of care (figure 1). 
The study will be conducted in an urban, academic gynae-
cology clinic in New York City, New York, which serves 
patients with Medicaid and other government- based 

Figure 1 HeRITAGE (Health Risk Information Technology- Assisted Genetic Evaluation) study outline. Bolded lettering indicates 
areas of study intervention. *Primary outcome. †Secondary outcome.
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insurance plans. A quality improvement initiative at this 
clinic site previously demonstrated a racially and ethni-
cally diverse population.11 Patients will be screened 
and approached by study personnel for consent in the 
clinic waiting room prior to scheduled appointments. All 
patients scheduled for new appointments during periods 
of study personnel availability will be screened. Enrolled 
patients will be randomly assigned to either the interven-
tion arm or control arm. Enrolment is anticipated to be 
conducted between January 2023 and December 2024. 
The trial is registered at  clinicaltrials. gov (NCT05562778) 
in September 2022.

In the intervention arm, patients will be prompted to 
complete the digital tool, Ambry Genetics Comprehen-
sive, Assessment, Risk, and Education (CARE) Program, 
in the waiting area prior to appointment (figure 2). 
CARE is a digital, patient- facing, risk stratification tool 
with complex, rule- based flow logic based on patient 
responses to pre- programmed input options designed 

to collect relevant personal and family history. Patient 
responses are evaluated against the National Compre-
hensive Cancer Network Clinical Practice Guidelines 
in Oncology (NCCN Guidelines) for hereditary cancer 
testing.14 Patients who are unable to complete the tool in 
the waiting area prior to being called back to the exam-
ination room will be permitted to continue completion 
of the tool in the exam room. Completion of the tool is 
not mandated. Patients who complete the tool will be 
notified via the tool whether they met criteria for hered-
itary cancer testing, and clinicians will receive a CARE- 
generated clinical summary report denoting eligibility for 
genetic testing. CARE also provides optional educational 
videos on genetic testing to eligible patients.

In the control arm, patients will undergo the usual 
clinic standard for new patients, in which genetic cancer 
risk assessment is performed via clinician- driven inter-
view and assessment by their gynaecologic provider 
(figure 3).

Figure 2 HeRITAGE (Health Risk Information Technology- Assisted Genetic Evaluation) patient and provider workflow for 
patients meeting eligibility criteria and proceeding with genetic testing on day of appointment: Intervention arm. Created with 
BioRender.com.

Figure 3 HeRITAGE (Health Risk Information Technology- Assisted Genetic Evaluation) patient and provider workflow for 
patients meeting eligibility criteria and proceeding with genetic testing on day of appointment: Control arm. Created with 
BioRender.com.
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At the clinicians’ discretion, patients in both arms 
can be offered multigene genetic testing for hereditary 
cancer syndromes at the time of their appointment. 
Genetic counselling and testing will be performed by 
the patients’ gynaecological providers, consistent with a 
‘mainstreaming’ model that is the standard for the study 
site.

All patients’ personal and family history within the elec-
tronic medical records will be reviewed by study personnel 
to determine eligibility for genetic testing as per NCCN 
Guidelines. Patients determined by study personnel 
to meet NCCN Guidelines genetic testing criteria will 
be considered ‘eligible patients,’ which will serve as a 
denominator for the primary outcome (proportion of 
eligible patients recommended genetic testing) and 
the secondary outcome (proportion of eligible patients 
completing genetic testing).

All enrolled patients will be asked to complete paper 
pre- appointment and post- appointment surveys which 
are designed to facilitate understanding of patient char-
acteristics and facilitate exploratory analysis. The pre- 
appointment survey will include questions regarding 
patient demographics, social determinants of health 
and health literacy. Social determinants of health will be 
assessed using several tools: the Health Leads Screening 
Toolkit,15 encompassing 10 yes/no questions designed to 
screen for items which contribute to adverse social deter-
minants of health; the Healthcare Distrust Scale,16 a vali-
dated 9- item set that produces a numeric distrust score; 
and NCCN Guidelines Distress Management,17 in which 
patients answer yes/no questions regarding current 
stressors. Subjective health literacy will be assessed using 
the BRIEF Health Literacy Survey,18 a validated 4- item 
survey that produces a health literacy assessment of ‘inad-
equate,’ ‘marginal,’ or ‘adequate,’ as well as the Subjec-
tive Numeracy Scale,19 a validated 3- item survey that 
produces a numeric subjective numeracy score. The post- 
appointment survey will assess patients’ genetic cancer 
risk assessment experience and distress using the Hospital 
Anxiety and Depression Scale20 and NCCN Guidelines 
Distress Thermometer,17 in which patients provide a 
numeric 0–10 value correlating with subjective distress, as 
well as 5- point Likert scale items (strongly agree/agree/
neither agree or disagree/disagree/strongly disagree) 
developed for the study to assess experience. Items 
include ‘I was satisfied with the genetic cancer assessment’ 
and ‘The genetic cancer assessment was a waste of time.’

Patients eligible for genetic testing will be contacted 
1 month following their appointment to determine 
whether genetic testing for hereditary cancer syndromes 
was completed. All data will be entered into Research 
Electronic Data Capture (REDCap) by study personnel 
for the purpose of analysis.

Participants
Patients are eligible for enrolment if they meet the 
following criteria: (1) are scheduled for a new patient 
gynaecology appointment at the trial site clinic, (2) are 

18 years or older, (3) speak and read English, (4) have 
not yet undergone genetic testing for predisposition to 
hereditary cancers and (5) have access to a phone with 
internet capability at the time of appointment. Patients 
not meeting the aforementioned criteria are excluded 
from the trial.

Endpoints
The primary objective is to evaluate the proportion of 
eligible patients recommended for hereditary cancer 
syndrome genetic testing when genetic cancer risk assess-
ment is performed via a digital tool versus usual care with 
clinician interview. To determine the denominator of 
patients eligible for genetic testing, study personnel will 
review electronic medical records for personal and family 
history to determine eligibility per NCCN Guidelines. 
To determine the numerator of patients recommended 
for genetic testing, study personnel will review electronic 
medical record visit documentation.

The secondary objective is to compare the rates of 
completion of genetic testing within 1 month of the 
appointment among participants for whom genetic 
testing is recommended. Additionally, associations 
between patient factors, with focus on social determi-
nants of health, and the receipt of genetic services, such 
as counselling and testing, will be explored. Assessment 
of patient experience with genetic cancer risk assessment 
in the intervention arm versus the control arm will also 
be conducted.

Sample size
Based on prior institutional experience and quality 
improvement investigations, we estimate less than 5% of 
patients would be eligible for genetic testing and recom-
mended for hereditary cancer testing in our control 
group.21 An increase of at least 20% more eligible patients 
being recommended for genetic testing within the inter-
vention arm would be considered clinically meaningful. 
Thus, enrolment is planned for a total of 100 participants, 
with 50 participants in each study arm, allowing for 80% 
power with two- tailed alpha of 5% to detect a difference 
in proportion of eligible patients recommended for 
genetic testing.

Randomisation and blinding
Participants will be randomised 1:1 to either the digital 
tool arm or usual care arm via a preset computer- 
generated randomisation scheme accessed through 
REDCap. After enrolment, patients are randomised and 
informed of their study arm. Clinicians are not blinded 
to enrolment arm as a tool- generated risk assessment 
summary is received for participants randomised to the 
intervention arm.

Statistical methods
The primary aim, evaluating the proportion of eligible 
individuals recommended genetic testing in the digital 
tool arm versus usual care arm, will be analysed using the 
χ2 test or Fisher’s exact test, as appropriate for sample 
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size. The secondary aim, comparing the rates of uptake 
of genetic testing among participants for whom testing 
is recommended in the digital tool arm vs the usual care 
arm, will also be analysed with the χ2 test or Fisher’s exact 
test, as appropriate for sample size. Associations between 
risk assessment experience and utilisation of genetic 
services and participant characteristics will be explored 
with univariate tests as appropriate based on variable type 
and distribution (i.e., t- test, analysis of variance, Mann- 
Whitney U test, Kruskal- Wallis test). For all analyses, statis-
tical significance will be evaluated at an alpha value of 
0.05.

Patient and public involvement
Neither patients nor the public have been involved in the 
design or implementation of this study.

Ethics and dissemination
This study has been approved by the Weill Cornell Institu-
tional Review Board (Institutional Review Board Protocol 
No. 21- 11024123). Participants will be informed verbally 
and in writing of the benefits and risks of participation 
prior to consent. Risks include psychological risks as a 
result of cancer risk assessment and/or social risks such as 
possible invasion of privacy, breach of confidentiality and 
loss of community standing. Participants will be provided 
the opportunity to approve or deny whether their data 
are retained by the study team for use in future research 
as part of the consent process. All data will be deposited in 
REDCap. Dissemination of data will be deidentified and 
conducted through academic conferences and journals. 
Participants identified to be eligible for genetic testing 
who did not receive counselling from their providers will 
be contacted at the conclusion of their participation in 
the study. Participants will not receive direct notification 
of trial results. The authors report no conflicts of interest.

DISCUSSION
The results of this study will provide data regarding the use 
of a digital tool for genetic cancer screening compared 
with usual clinician care. The primary outcome will be 
proportion of eligible patients recommended for genetic 
testing for cancer- predisposing pathogenic variants. We 
hypothesise that the use of the digital tool will be associ-
ated with a higher proportion of eligible patients being 
recommended for testing.

Similar tools have been integrated into clinical practices 
with the publication of observational data. In a previous 
work, Loving et al reported on the implementation of 
screening via CARE in women undergoing breast cancer 
imaging.22 A total of 3345 patients were screened, and 
1080 (32.3%) met the genetic testing criteria. Patients 
who met the genetic testing criteria received counsel-
ling by a pre- recorded video, and consent and sample 
collection was performed by medical assistants. Among 
those eligible for genetic testing, 416 (38.5%) proceeded 
with genetic testing, which identified 38 individuals 

with cancer- predisposing pathogenic variants. While 
the findings in Loving et al support the feasibility of tool 
implementation, the study population was primarily non- 
Hispanic White (78.3%), which differs from the antici-
pated study population of the HeRITAGE study. Further, 
the observational design and study setting at an imaging 
centre limit understanding of the effectiveness of the tool 
compared with usual care in office practice.

Nazareth et al reported retrospectively on the imple-
mentation of a similar patient- facing digital health 
chatbot to perform genetic cancer risk assessment across 
180 outpatient sites, including primary care clinics.23 
A total of 95 166 patients were invited to complete the 
chatbot, with 54 547 (89.4%) completing the chatbot risk 
assessment, and 14 850 (27.2%) meeting NCCN Guide-
lines for genetic testing for cancer- predisposing patho-
genic variants. In the study design, risk assessments were 
disclosed to patients by the clinician. Downstream data 
on the impact of the tool, such as number of patients who 
were appropriately recommended for genetic testing or 
received genetic testing, were not included in the publica-
tion, except for a subset of 5594 eligible patients, among 
whom 1622 (29.0%) had genetic testing ordered. Lack of 
comprehensive outcomes regarding counselling or utili-
sation of genetic services after tool use limits the ability 
to make conclusions about the utility of the chatbot tool. 
In the HeRITAGE study, recommendation for genetic 
testing of eligible individuals was chosen as the primary 
outcome as this was felt to represent a clinically relevant 
milestone in which the genetic risk has been communi-
cated to the patient. Further downstream data, such as 
the rate of genetic testing, will also be reported.

While data regarding digital screening tools have 
generally supported feasibility and acceptance, the 
impact of the tool on disparities in genetic services 
warrants exploration as health systems begin to incorpo-
rate such tools into routine practice and smartphones 
become increasingly widespread.24 An urban, academic, 
Medicaid- predominant clinic was chosen for the site 
of the HeRITAGE study due to the high proportion of 
patients that are historically under- represented in genetics 
research. Data regarding the association of demographics, 
health literacy and other social determinants of health on 
the experience of genetic risk assessment and receipt of 
genetic counselling may allow for insight into the impact 
of a smartphone- based tool on equitable care.

The inclusion criteria of the HeRITAGE study are 
broad, and thus, the results of the study have potential to 
be generalisable to other practices. However, the exclu-
sion of non- English- speaking and reading patients, those 
without access to phones with internet capability and the 
location of the study at a single site may limit general-
isability. While a smartphone- based tool may address 
common genetic cancer risk assessment barriers such 
as limited appointment time and provider knowledge, 
HeRITAGE is not designed to address language barriers 
which have also been shown to affect access to genetic 
services.6 At this time, additional efforts are underway to 
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explore the effect of the smartphone- based tool in non- 
English- speaking populations through translation of the 
tool to other languages and recruitment of non- English- 
speaking patient cohorts at multiple sites. Additionally, 
HeRITAGE requires in- person appointment attendance 
for recruitment and does not address physical access to 
clinic spaces as a barrier to genetic testing.

Given the randomised study design and the urban 
Medicaid- predominant clinic setting, the results of 
HeRITAGE will provide informative data regarding the 
influence of screening technology in genetic cancer risk 
assessment on clinically relevant outcomes.
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