
CARE DELIVERY Full-length article is available online at ascopubs.orgoriginal
contributions

Cascade Genetic Risk Education and
Testing in Families With Hereditary Cancer
Syndromes: A Pilot Study
Steven J. Katz, MD, MPH1,2; Paul Abrahamse, MA1; Rachel Hodan, MS3; Allison W. Kurian, MD, MSc4,5; Aaron Rankin, MSW1;
Rachel S. Tocco, MA1; Sonia Rios-Ventura, BA5; Kevin C. Ward, PhD6; and Lawrence C. An, MD1

QUESTION ASKED: Is it feasible to offer genetic risk
evaluation and testing through an online platform to
relatives of patients identified through a regional
cancer registry who were diagnosed with breast cancer
and who tested positive for a clinically meaningful
germline pathogenic variant (PV)?

SUMMARY ANSWER: Relatives who are approached
through apatient diagnosedwith breast cancerwho tested
positive for a clinically meaningful pathogenic variant can
be engaged through an online platform that offers genetic
risk evaluation and testing to untested family members.

WHAT WE DID: We identified all 277 women diagnosed
with breast cancer in Georgia in 2017 who linked to a
clinically actionable germline pathogenic variant (Fig). We
surveyed them, and then invited eligible patient respon-
dents to an online platform hosted by a human navigator
that offered cancer genetic risk education and germline
genetic testing to their untested first- and second-degree
relatives. We randomly assigned patient-family clusters at
the time of the patient enrollment offer to free versus
$50USdollars (USD) test cost. Patient participants invited
relatives to join the study through personalized e-mail.
Enrolled relatives received online cancer genetic educa-
tion and the opportunity to order clinical germline genetic
testing through the platform. The primary outcome was
the number of relatives who ordered genetic testing.

WHAT WE FOUND: One hundred twenty-five of 277
patients completed surveys (45.2%). The most common
PVs reported by patients were BRCA2 (25.7%), CHEK2
(20.4%), BRCA1 (19.5%), ATM (8.8%), and PALB2
(7.1%). Most patient respondents were eligible for the
trial offer (113 of 125; 90.4%). In the free testing arm, 20
of 56 eligible patients participated (35.7% of eligible
respondents) and they invited 28 relatives: 12 relatives

enrolled, and 10 ordered testing. In the $50 (USD) arm,
16 of 57 eligible patients participated (28.1%) and they
invited 38 relatives: 18 relatives enrolled and 17 ordered
testing. Of the 66 relatives invited by the patient partic-
ipants across both arms, 47 (71.2%) were first-degree
(eight parents, 22 siblings, and 17 children) and about
half of the relatives weremen (47.0%). Of the 27 relatives
who ordered testing, 60.0% were first-degree and about
half were men (46.7%).

BIAS, CONFOUNDING FACTORS, DRAWBACKS: Limitations
include the sample of female patients with breast cancer
only and a long period between diagnosis and patient
contact. Also, patient and relative enrollment was lower
than estimated in our study protocol because of the need
to efficiently generate results from the pilot study within
the timeline of the development phase of our large
clinical trial.

REAL-LIFE IMPLICATIONS: Cascade genetic testing in
families with hereditary cancer syndromes accrued
through a population-based cancer registry can be
achieved through an online platform that offers genetic
risk education and low-cost testing directly to relatives. A
$50 (USD) testing cost (v free of charge) did not sub-
stantively reduce patient or relative enrollment into the
pilot. Our GIFT randomized clinical trial will identify
strategies of engagement and features of an online
platform experience that can maximize cascade genetic
risk evaluation and are scalable at the population level.
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FIG 1. The pilot study design. PV, pathogenic variant.
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abstract

PURPOSE Cascade genetic risk evaluation in families with hereditary cancer can reduce the burden of disease
but the rate of germline genetic testing in relatives of patients at risk is low.

METHODSWe identified all 277 women diagnosed with breast cancer in Georgia in 2017 who linked to a clinically
actionable germline pathogenic variant through a Surveillance, Epidemiology, and End Results registry-variant
linkage initiative. We surveyed them, and then invited eligible respondents to an online platform hosted by a
navigator that offered cancer genetic risk education and germline genetic testing to untested relatives. We
randomly assigned patient-family clusters at the time of the patient enrollment offer to free versus $50 (USD) test
cost. Patients invited relatives to join the study through personalized e-mail. Enrolled relatives received online
cancer genetic education and the opportunity to order clinical germline genetic testing through the platform. The
primary outcome was the number of relatives who ordered genetic testing.

RESULTS One hundred twenty-five of 277 patients completed surveys (45.2%). Most respondents were eligible
for the trial offer (113 of 125; 90.4%). In the free testing arm, 20 of 56 eligible patients participated (35.7% of
eligible respondents) and they invited 28 relatives: 12 relatives enrolled and 10 ordered testing. In the $50 (USD)
arm, 16 of 57 eligible patients participated (28.1%) and they invited 38 relatives: 18 relatives enrolled and 17
ordered testing.

CONCLUSION Cascade genetic testing in families with hereditary cancer syndromes accrued through a
population-based cancer registry can be achieved through an online platform that offers genetic risk education
and low-cost testing to relatives. A modest charge did not appear to influence the percentage of participating
patients, numbers of participating relatives, and numbers of relatives who received genetic testing.

JCO Oncol Pract 00. © 2023 by American Society of Clinical Oncology

INTRODUCTION

Cascade genetic risk evaluation in families with he-
reditary cancer syndromes (HCS)—the performance
of genetic risk education and testing in blood relatives
of individuals who have identified genetic mutations—
has been endorsed by professional organizations and
clinical experts because it can reduce the burden of
disease through targeted early detection and pre-
vention strategies.1-4 However, several studies have
demonstrated that germline genetic testing in family
members of patients at risk is low.5-7 Directly engaging
family members of patients with cancer who carry a
germline pathogenic variant (PV) for genetic risk
evaluation and management may be a cost-effective
approach.3,8 Current clinical practice is largely limited
to a genetic counselor providing a family letter to the

patient with details about the identified PV and options
for genetic testing. The patient is then responsible for
sharing this information with family members. En-
hancing the clinic-based approach to cascade testing
may not be practical because of a national shortage of
genetic counselors in the face of increasing demand to
engage patients after diagnosis of cancer.9,10

We lead the Genetic Information and Family Testing
(GIFT) trial, a pragmatic, cancer registry–based, ran-
domized clinical trial intended to increase rates of
cascade genetic risk evaluation in families with HCS.11

The GIFT clinical trial aims to develop and deliver a
personalized, virtual, family-centered genetic risk
education and testing platform to all first- and second-
degree relatives of all adult patients diagnosed with
cancer in Georgia and California in 2018-2019 who
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tested positive for a clinically actionable PV in a cancer
susceptibility gene. GIFT will examine the effects of two
design features: level of personalized family genetic risk
education support (online platform with or without a human
navigator) and cost of genetic testing offered to relatives
(free of charge or $50 USD) on (1) cancer patients’ as-
sessment of communication with relatives about genetic
cancer risk; (2) relatives’ receipt of genetic testing through
the GIFT platform; and (3) relatives’ completion of formal
clinical genetic risk evaluation after trial participation. We
report here on the results of a pilot study that informed the
GIFT Trial Protocol, trial materials including participant
surveys, and features of the online platform for patients and
relatives. The pilot study also addressed whether testing
cost (free of charge v $50USD) would have a large effect on
enrollment of patients or their relatives into a clinical trial.

METHODS

We previously described the Georgia California Genetic
Testing Linkage Initiative, which linked all female patients
with breast cancer or ovarian cancer diagnosed from
January 1, 2013, to December 31, 2017, in Georgia and
California and reported to one of the four Surveillance,
Epidemiology, and End Results (SEER) registries that
provided statewide coverage (in Georgia, the Georgia
Cancer Registry, and in California, the Los Angeles
Cancer Surveillance Program, the Greater Bay Area
Cancer Registry, and the Cancer Registry of Greater

California) to germline genetic testing results reported
through 2019 from the four laboratories (Ambry Genetics,
Aliso Viejo, CA; GeneDx, Gaithersburg, MD; Invitae, San
Francisco, CA; and Myriad Genetics, Salt Lake City, UT)
that performed the majority of clinical testing in the
regions.12 Using a third-party honest broker that supports
the SEER Surveillance Program (Information Manage-
ment Services, Inc), we identified all women diagnosed
with breast cancer in Georgia in 2017 who linked to a
clinically actionable germline PV (N 5 277) identified
through the Initiative data infrastructure (Fig 1). We in-
cluded patients who tested positive for a PV or likely PV in
any of a large set of cancer-associated genes that are
commonly evaluated by the partnering laboratories (see
Appendix Table A1 [online only] for a list of genes and
patient report of PV). We also added a 5% sample of
patients without a PV to the cohort to mask the knowledge
of PV status to the registry survey research field team.

Registry research staff mailed packets in October 2021 to
these patients with a letter that described the study, a
$20 (USD) cash incentive, and a request to complete a
survey that collected information about their cancer his-
tory including receipt and results of germline genetic
testing, the family structure of first- and second-degree
relatives (eg, the number and types of relatives on both the
maternal and paternal sides), whether relatives received
genetic testing, and patient perspectives about commu-
nication with family members about cancer and genetic
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risk. Registry staff subsequently invited eligible respon-
dent patients (those who reported receipt of germline
genetic testing and a PV result and who had at least one
first- or second-degree relative who did not receive genetic
testing) to participate in the GIFT pilot intervention phase
of the study. The intervention was an online platform with
a human navigator that offered cancer genetic risk edu-
cation and germline genetic testing to all untested first-
and second-degree relatives (Fig 1). We randomly
assigned patient-family clusters at the time of the patient
enrollment offer letter to two different test costs to relatives
(free v $50 USD) to explore the impact of test cost on
uptake of the intervention and testing in families. Thus,
randomization was concealed to patients at the time of the
offer letter. Patients were block-randomized to ensure
balance between the two study arms at any point
throughout the study. Using a block size of four with two
arms (F 5 free and L 5 low cost), there were six total arm
arrangements, (FFLL, FLFL, FLLF, LLFF, LFLF, and
LFFL). The six blocks were repeatedly randomly ordered
and patients completing the survey were assigned to the
next available arm within the current randomized block.
We chose the $50 (USD) price point because several
companies offered testing at that price to relatives of
patients who tested positive for a PV with the company-
processed test.13-16 Patients consented and enrolled
online and were offered online education addressing key
facts about hereditary cancer and role of genetic testing
for family members. Patients had the option to create and
send a personalized e-mail informing relatives about the
GIFT study and offering them the opportunity to join the
study to receive (free or $50 USD) genetic testing. The
e-mails to family members included a link to the study
website along with a unique access code. Interested in-
vited relatives who visited the study site and entered their
access code could then learn about the study goals and
procedures. Interested relatives were subsequently
screened for eligibility for the study (eg, confirming age
18 years or older, their relationship to the patient, and
that they had not already had genetic testing for cancer
risk) and, if eligible, had the opportunity to provide online
informed consent to join the study. Relatives who enrolled
received an online education program consisting of key
facts about hereditary cancer, the benefits of knowing
about personal cancer risk, and the role of genetic testing.
They also had the opportunity to request home-delivered
genetic testing to assess cancer risk directly through the
platform. We offered clinical germline genetic testing
and results follow-up to relatives through our partnering
laboratory, Color Health Inc, Burlingame, CA, a Clinical
Laboratory Improvement Amendments–certified labora-
tory, using Color’s commercially available hereditary cancer
multigene panel of 30 genes. Relatives interested in testing
could follow a link directly from the GIFT study site into the
Color system where they could request genetic testing (at
the assigned price).

The educational content for the GIFT program for patients
and family members was developed by investigators and
patient advocates and was informed by the ASCO guide-
lines for cancer risk counseling.17 Information was pre-
sented in the form of a written online family health
summary, which consisted of four sections that presented
key facts related to inherited cancer risk and genetic
testing. The section content and key information high-
lighted in each section of the GIFT family health summary is
shown in Table 1. The information in the GIFT family health
summary was written at a sixth-grade reading level. Each
section of the GIFT family health summary was presented to
program users in a linear fashion. We estimated the time
needed to read the GIFT educational content was ap-
proximately 15 minutes.

All patient and relative participants could request assis-
tance from a human navigator through their study partic-
ipation. The navigator was a bilingual, bachelor-level
research assistant working under the supervision and
support of a clinician team consisting of a certified genetic
counselor (R.H.) and supervising medical oncologist
(A.W.K.). The navigator responded to requests for assis-
tance from patients and relatives regarding their use of the
online platform or test ordering. She also proactively
reached out to patients to encourage invitation of all eligible
relatives. Finally, the navigator proactively reached out to
(1) invited relatives to encourage enrollment and (2) en-
rolled relatives to support them through their experiences
using the GIFT program and ordering their genetic test. All
proactive outreach was done at days 7, 10, and 14 after
enrollment/invitation.

Measures

Clinical variables (stage and biologic subtype) were
ascertained through the Georgia SEER Registry. Survey
measures included patient characteristics and patient re-
port of family structure and questions about communica-
tion with relatives about their genetic test results developed
by study investigators. We asked patients their opinions
about the need for support with communication with rel-
atives regarding genetic cancer risk and test results. We
also quantified aspects of participant use of the online
platform through paradata and relatives’ ordering of genetic
testing through the Color Health provider portal—the pri-
mary outcome of the study. Finally, we collected baseline
information from invited and enrolled relatives including
their family role and sex.

Analytic Plan

After completion of the pilot study, the honest broker re-
moved the 5% sample to create the analytic data set of 277
women for analysis. All analyses were descriptive, given the
limited sample size. Chi square and ANOVA tests were used
for testing comparisons. We described characteristics of
the respondent patients and their report and appraisal of
communication with family members about their genetic
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test results. We then described the flow and outcomes of
patients and relatives through the intervention study. This
study was reviewed and approved by the institutional review
boards at the University of Michigan, Emory University, and
the Georgia Department of Public Health.

RESULTS

We mailed surveys on average 4.4 years after diagnosis
(SD, 0.2 years; range, 4.0-4.7 years). Surveys were
completed by 125 of 277 patients (45.2%) on average
23.9 days after initial contact (SD, 28.0). The median age
of sampled patients was 50.4 years (IQR, 16.5); 60.6%
were married; 67.9% were Caucasian, 25.6% were Afri-
can American, 2.9% were Asian, and 3.6% were Hispanic
(Table 2). The distribution of clinical variables in the
patients selected for the pilot study (inception cohort)
reflected the cancer registry–based sample of patients
with clinically detected PVs: 75.1% were stage 1 or 2,
and 50.5% had tumors that were ER/PR-positive,
HER22. About half (47.1%) linked to BRCA1 or BRCA2
versus other PV (52.7%). Compared with the sampled
inception cohort (patients selected from the SEER registry
database), enrolled patients were more likely to be White
(83.3% v 67.9%; P 5 .175) and of younger age (mean,
45.8 v 50.4; P 5 .023).

The most common PVs reported by patients were BRCA2
(25.7%), CHEK2 (20.4%), BRCA1 (19.5%), ATM (8.8%),
and PALB2 (7.1%; see Appendix Table A1 for full list of
PVs). The median number of eligible relatives reported by
patients (adult relatives who had not yet undergone testing
or test status unknown) was 8.0 (IQR, 10). Among en-
rolled patients, the median number of eligible relatives
was 8.5 (IQR, 7.5).

On baseline survey (before engagement of the intervention
by the study team), disclosure of genetic test results to first-
degree relatives was high, with higher rates for female
versus male relatives (Table 3): 73.0% of patients reported
that they discussed their test results with their mother quite
a bit/very much versus 68.6% with their father (P , .001);
83.6% of patients reported that they discussed results
with all their daughters versus 69.4% with all their sons
(P , .001); 78.1% discussed their results with all sisters
versus 61.8% with all brothers (P , .001). The disclosure
of results to second-degree relatives was much lower: only
31.4%, 25.2%, and 24.3% disclosed results to all aunts, all
uncles, or all nieces and nephews, respectively.

Most respondents were subsequently eligible for the trial
offer on the basis of survey responses (113 of 125; 90.4%;
12 of 13 who were not eligible did not confirm receipt of
genetic testing with a PV test result and only one reported a
PV but had no eligible relatives). Figure 2 shows the flow of
participants through the study, including details of the en-
rollment of participants, allocation to study arms, and dis-
position status. Overall, the results were similar between the
free test arm and $50 (USD) test arm. In the free testing arm
(n 5 56), 20 patient participants (35.7%) invited 28 rela-
tives; 12 relatives enrolled and 10 relatives ordered testing. In
the $50 (USD) arm (N 5 57), 16 (28.1%) patient partici-
pants invited 38 relatives, of whom 18 enrolled and 17 or-
dered testing. There was moderate participant-initiated use

TABLE 1. GIFT Program Educational Content

Section 1: Cancer risk can run in families

Genes tell the body how to grow and develop

Sometimes genes can have harmful changes that can increase
the risk of some cancers

Harmful gene changes can run in families

For patients: Listing of first- (eg, mother, father, sibling, and
children) and second-degree (eg, grandparents,
grandchildren, aunts, uncles, nieces, and nephews) relatives
and their risk of having the same harmful genetic change as
the patient

For relatives: Their specific risk of having the same harmful
genetic change as the patient (based upon relationship)

Section 2: Genetic testing can help family members understand if
they have an increased risk of cancer

Genetic testing can determine if a person has a harmful change in
a gene

Genetic testing methods (eg, saliva or blood sample)

Genetic test results and meaning of test results (eg, a negative
result means no increase in cancer risk, but routine cancer
screening is still recommended)

Section 3: Knowing their risk can help a person protect themselves
from cancer

Having a positive test result does not mean a person will get
cancer for sure

There are ways to prevent cancer or find cancer early when
treatment is more effectives

These include

Additional screening tests

Medications

Surgery

The results of genetic testing can also help guide the treatment
and follow-up if a person does get cancer

Section 4: The GIFT study can help a person get genetic testing and
counseling

How to get genetic testing from Color as part of the GIFT study

People who get genetic testing from Color can also get free genetic
counseling to help understand test results, their risk of
cancer, and next steps to help lower the risk of cancer

Getting genetic testing is a personal choice

Genetic test results are protected

The GINA is a law that prevents employers and health
insurance companies from using test results against a person

Limits of GINA (eg, does not apply to small employers or life,
disability, or long-term care insurance)

Abbreviations: GIFT, Genetic Information and Family Testing; GINA,
Genetic Information Nondiscrimination Act.
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of the navigator during the intervention period: a total of 38
help requests were received. The most common help re-
quests included questions from patients about which rela-
tives they could invite, questions from both patients and
relatives about confidentiality and details regarding the
testing process, and requests from relatives for assistance
during the test ordering process.

Of the 66 relatives invited by the patient participants across
both arms, 47 (71.2%) were first-degree (eight parents, 22
siblings, and 17 children) and about half of the relatives

were men (47.0%). Of the 27 relatives who ordered testing,
60.0% were first-degree and about half were men (46.7%).

DISCUSSION

In this pilot study of cascade genetic testing in a SEER
registry–identified cohort of female patients diagnosed
with breast cancer who tested positive for a pathogenic
variant, we found that most patients surveyed about
4 years after diagnosis had disclosed their genetic test
results to first-degree relatives but fewer had disclosed

TABLE 2. Characteristics of Patients Participating in the Steps of the Study

Patient Characteristic

SEER Sample Surveyed
(N 5 277)a

Respondents
(n 5 125)

Eligibleb Respondents
(n 5 113)

Enrolled
(n 5 36)

No. (%)c No. (%) P d No. (%) P d No. (%) P d

Race .081 .051 .175

White 188 (67.9) 93 (74.4) 86 (76.1) 30 (83.3)

Black 71 (25.6) 28 (22.4) 24 (21.2) 5 (13.9)

Asian 8 (2.9) 1 (0.8) 1 (0.9) 0 (0.0)

Latina 10 (3.6) 3 (2.4) 2 (1.8) 1 (2.8)

Age, years .559 .295 .121

20-45 106 (38.3) 49 (39.2) 48 (42.5) 19 (52.8)

46-65 138 (49.8) 64 (51.2) 55 (48.7) 15 (41.7)

. 65 33 (11.9) 12 (9.6) 10 (8.8) 2 (5.6)

Age, years, mean (SD) 50.4 (12.2) 49.4 (11.8) .421 48.5 (11.6) .086 45.8 (9.2) .023

Marital status .076 .106 .059

Not married 109 (39.4) 42 (33.6) 38 (33.6) 9 (25.0)

Married 168 (60.6) 83 (66.4) 75 (66.4) 27 (75.0)

Stage .349 .604 .068

0 33 (11.9) 19 (15.2) 15 (13.3) 0 (0.0)

I 96 (34.7) 46 (36.8) 42 (37.2) 17 (47.2)

II 112 (40.4) 48 (38.4) 45 (39.8) 13 (36.1)

III 27 (9.7) 9 (7.2) 9 (8.0) 5 (13.9)

IV 6 (2.2) 2 (1.6) 1 (0.9) 0 (0.0)

Biologic subtype .143 .701 .321

Triple-negative 62 (22.4) 24 (19.2) 23 (20.4) 8 (22.2)

HER21 36 (13.0) 14 (11.2) 14 (12.4) 7 (19.4)

ER/PR1, HER22 140 (50.5) 63 (50.4) 57 (50.4) 19 (52.8)

Unknown 39 (14.1) 24 (19.2) 19 (16.8) 2 (5.6)

PV gene .174 .584 .524

BRCA 1/2 131 (47.3) 50 (40.0) 50 (44.2) 15 (41.7)

Other gene 146 (52.7) 75 (60.0) 63 (55.8) 21 (58.3)

Abbreviations: ER, estrogen receptor; PR, progesterone receptor; PV, pathogenic variant; SD, standard deviation; SEER, Surveillance, Epidemiology, and EndResults.
aSEER sample selected for study: all 277 women diagnosed with breast cancer in Georgia in 2017 who linked to a clinically actionable germline pathogenic

variant.
bEligibility: respondent patients who recalled a pathogenic variant on genetic testing and had at least one family member who did not get genetic testing (or

test status unknown).
c% represents column percent unless specified otherwise.
dP value for chi square tests (categorical) or ANOVA tests (continuous) comparing category with complement of surveyed patients (respondents v

nonrespondents, enrolled v nonenrolled).
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results to second-degree relatives. Despite considerable
amounts of communication between patients and family
members about test results, patients reported that many
relatives had not received genetic testing, or that their
testing status was unknown to the patient. A substantial
number of patients engaged with our intervention: about
half responded to our initial survey, most of the respondents
were eligible for the intervention, and about one-third of eli-
gible respondent patients enrolled. Engagement of relatives
among enrolled patients was modest. Enrolled patients re-
ported a median number of untested (or testing status un-
known) relatives of 8.5, but on average, about two relatives
were invited per enrolled patient to join the intervention and
about half of invited relatives enrolled (and nearly all ordered
genetic tests). There were no substantial differences between
test cost arms (free v $50 USD) in patient enrollment or the
number of relatives invited, enrolled, or tested. There was an
even split betweenmale and female relatives invited, enrolled,
and tested.

Our findings are consistent with other studies that suggest
that cascade genetic testing in families with HCS appears
low despite considerable communication between patient
and relatives. Reasons for this large gap include the lack of
cancer genetic education programs for relatives in families
with HCS,18 the paucity of genetic counseling resources in
clinical practice, and patient privacy concerns and need for
their consent to engage relatives.8,19 Furthermore, there are
few financial incentives to support practice-based clini-
cians to engage family members, many of whom reside in
distant locations and receive health care in many different
health systems. A few studies in limited practice settings
have been published that attempt to close the gap in
cascade testing through clinic-based strategies with
moderate success.20-22 But the findings from these studies
reinforce the challenges clinicians face to facilitate genetic
risk evaluation in family members of a patient diagnosed
with cancer in their practice who tests positive for a
pathogenic variant.

Our GIFT trial will address this challenge by leveraging a
unique SEER-based data infrastructure that linked uniform
clinical information to germline genetic test results for all
patients diagnosed in Georgia and California from 2013 to
2019 with test reporting through 2021. GIFT will directly
engage all adult cancer survivors selected from the data
infrastructure who were diagnosed in 2018-2019 and who
tested positive for PV to offer an online platform of per-
sonalized genetic risk education and low-cost testing to all
untested first- and second-degree adult relatives. Building
on our prior work,5 which demonstrated a 48% cascade
testing rate by relatives offered an online, low-cost cascade
genetic testing process, we are partnering with a Clinical
Laboratory Improvement Amendments–certified labora-
tory, Color Health, Inc, to support relative-initiated testing
and result disclosure by laboratory-affiliated genetic
counselors. Our pilot study results underscore the oppor-
tunity to close the gap in cascade genetic testing by directly
engaging cancer survivors, even years after diagnosis. Most
patient respondents agreed that it was important for family
members to understand their own genetic risk and would
have liked more support to make it easier for family
members to get tested. However, our results highlight
challenges including patients’ ability and confidence to
engage relatives, patients’ willingness to facilitate direct
engagement of their family members, and relatives’ pre-
paredness to consider and complete genetic testing. This
reinforces the need to develop a robust pretest education
program for relatives and facilitate convenient, low-cost
genetic testing and follow-up.

Aspects of the pilot study merit comment. Strengths
include sampling patients from a Georgia cancer reg-
istry–based infrastructure that identified patients who
tested positive for a PV, the use of an online platform
hosted by a human navigator, and the partnership with
Color Health Inc—an experienced internet provider of
clinical-grade germline genetic testing including struc-
tured results reporting to clients. Limitations include the
sample of female patients with breast cancer only and a
long period between diagnosis and patient contact. Al-
though the test status of patients was concealed to staff,
random assignment of patients to the two study arms was
not. Also, patient and relative enrollment was lower than
estimated in our IRB-approved study protocol because
of the need to efficiently generate results from the pilot
study within the timeline of the GIFT clinical trial de-
velopment phase. Specifically, the modest patient sur-
vey response rate and observed enrollment bias
(younger age and lower minority participation) was partly
the result of a short period of follow-up of patients to
complete surveys and enroll in the study. Additionally,
relatives’ uptake of the intervention was constrained by a
one-month limit between enrollment of relatives and
completion of test ordering; this likely contributed to the
modest observed uptake.

TABLE 3. Responses to “How Many of Your Relatives Have You
Talked With About Your Genetic Test Results?”, by Relative Category
Relative Category None, % Some, % Most, % All, %

Daughters 6.6 8.2 1.6 83.6

Sons 16.3 10.2 4.1 69.4

Sisters 5.5 9.6 6.8 78.1

Brothers 22.4 11.8 3.9 61.8

Auntsa 50.0 12.7 5.9 31.4

Unclesa 62.6 9.3 2.8 25.2

Nieces/nephewsa 50.5 21.4 3.9 24.3

Grandchildren 71.4 14.3 0.0 14.3

aMaternal and paternal aunts and uncles were asked separately and
combined. Nieces/nephews from sister/brother side were asked
separately and combined.
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In conclusion, cascade genetic testing in families with HCS
accrued through a population-based cancer registry can be
achieved through an online platform that offers genetic risk
education and low-cost testing to relatives. A $50 (USD)
testing cost (v free of charge) did not substantively reduce

patient or relative enrollment into the pilot. Our GIFT ran-
domized clinical trial will identify strategies of engagement
and features of an online platform experience that can
maximize cascade genetic risk evaluation and are scalable
at the population level.
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APPENDIX

TABLE A1. PVGenes Selected for the Patient Sample and Reported by
Eligible Respondents (ordered by frequency of report)
Gene No. (%)

BRCA2 29 (25.7)

CHEK2 23 (20.4)

BRCA1 22 (19.5)

ATM 10 (8.8)

PALB2 8 (7.1)

MUTYH 5 (4.4)

APC 3 (2.7)

CDH1 3 (2.7)

MSH6 3 (2.7)

BARD1 2 (1.8)

MSH2 2 (1.8)

PMS2 2 (1.8)

RAD51D 2 (1.8)

BRIP1 1 (0.9)

CDKN2A 1 (0.9)

POLE 1 (0.9)

RAD51C 1 (0.9)

STK11 1 (0.9)

TP53 1 (0.9)

AXIN2 0 (0.0)

BAP1 0 (0.0)

BMPR1A 0 (0.0)

CDK4 0 (0.0)

EPCAM 0 (0.0)

GREM1 0 (0.0)

MITF 0 (0.0)

MLH1 0 (0.0)

MSH3 0 (0.0)

NBN 0 (0.0)

POLD1 0 (0.0)

SMAD4 0 (0.0)

Abbreviation: PV, pathogenic variant.
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