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abstract

PURPOSE A powerful consequence of detecting cancer-associated pathogenic variants is the ability to test at-risk
relatives (ARRs), termed cascade testing. However, historical studies suggest cascade testing uptake of 30% or
less. Here, we tested the feasibility of a novel, streamlined method of cascade testing using telephone genetic
counseling and mailed saliva-based genetic testing.

PATIENTS AND METHODS Probands with newly diagnosed cancer-associated pathogenic variants were offered
facilitated cascade testing whereby the genetics team identified and contacted ARRs by telephone to disclose
the familial pathogenic variant and offer telephone counseling and mailed saliva testing. Results and guideline-
based recommendations were reviewed by telephone and shared with the primary care physician.

RESULTS Thirty probands were enrolled, and 114 ARRs were identified. Twelve ARRs were excluded (lived
outside of the United States, n = 5; proband did not approve of contact, n = 7). Among 102 ARRs telephoned,
contact was established with 95 (93%). Among 114 identified ARRs, 66 (58%) completed genetic testing.
Among those completing testing, 27 (41%) carried the familial pathogenic variant. Surveys of ARRs at the time of
genetic testing and 6 months later demonstrated low levels of anxiety, depression, distress, and uncertainty and
high levels of satisfaction with testing. At 6 months, 7 ARRs with pathogenic variants had undergone cancer
surveillance interventions and 4 had undergone cancer risk-reducing surgery.

CONCLUSION Facilitated cascade testing with telephone genetic counseling and mailed saliva kits resulted in
high testing uptake among ARRs. Positive genetic testing resulted in utilization of genetically targeted primary
disease prevention at short-term follow-up. Facilitated cascade testing is a straightforward, low-cost, easily
implemented strategy with significant potential to promote early detection for affected ARRs and reduce cancer
mortality and should be evaluated in larger scale clinical trials.

J Clin Oncol 38:1389-1397. © 2020 by American Society of Clinical Oncology

INTRODUCTION

For newly diagnosed patients with cancer, identifying
a causative germline pathogenic variant can offer
therapeutic and prognostic information. However, the
ultimate impact of genetic testing is the ability to
identify relatives carrying the pathogenic variant before
they develop cancer, maximizing disease prevention
and early detection.1 The process of starting with the
affected patient (proband) and extending genetic
testing to at-risk relatives (ARRs) is termed cascade
testing. ARRs found to carry the familial pathogenic
variant can take advantage of genetically targeted
primary disease prevention through intensive cancer
surveillance and risk-reducing surgery, improving
morbidity and preventing mortality.2-5

The majority of individuals with a familial cancer syn-
drome remain unaware of their predisposition. For
example, it is estimated that 98% of individuals with

Lynch syndrome have not yet been identified.6 The
limited literature on oncologic cascade testing sug-
gests that , 30% of ARRs use recommended genetic
services.7-11 Traditionally, clinical geneticists have re-
lied on family contact whereby the newly diagnosed
patient contacts ARRs and encourages genetic testing.
However, direct contact of ARRs by themedical team is
faster and more reliable because it does not rely on the
proband to mediate the process.12 Alternative care
models allowing direct relative contact improve testing
rates to 50%-60%; however, there is a paucity of data
on oncologic cascade testing.13,14 Evans et al15 reported
56% uptake of genetic testing among first-degree
relatives from BRCA1/2 families using proactive di-
rectly offered testing. Lessons from other genetic dis-
ease sites confirm the importance of direct contact by
themedical teamand demonstrate that cascade testing
is most successful when convenience is maximized, for
example, by offering testing in the relative’s home.16,17
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Cascade testing has tremendous potential to improve in-
dividual and population health outcomes by increasing
early awareness of cancer predisposition syndromes, but
waiting for patients and families to self-refer or be referred
by their clinician to a cancer geneticist is not sufficient on its
own. An alternative approach that shifts the genetic testing
paradigm allows providers to take on a more active ap-
proach in the identification and testing of individuals who
are at risk. This pilot study evaluates a novel method of
enhanced cascade testing using both facilitation and direct
contact by the medical team and convenient testing in the
ARR’s home. We hypothesize that this facilitated cascade
pathway can improve uptake of genetic testing among
relatives of patients with newly diagnosed cancer sus-
ceptibility syndromes.

PATIENTS AND METHODS

Patients

Patients (probands) were eligible for the facilitated cascade
testing pathway if they were at least 18 years old and di-
agnosed with an autosomal dominant hereditary cancer
syndrome within the preceding 12 months. Probands were
treated at a single academic institution where genetic
testing occurred following in-person genetic counseling.
ARRs are relatives of the proband who are at risk for
carrying the familial pathogenic variant. The proband
worked with the genetics team to identify ARRs. ARRs were
eligible for inclusion if the proband granted permission to
contact them, they were$ 18 years of age, and they lived in
the United States.

Trial Design

This prospective study was approved by the institutional
review board. The facilitated cascade testing pathway
bundled the following 6 separate components: (1) The
genetics team facilitated identification of ARRs. The
proband met with a genetics physician and genetics team
navigator to review the pathogenic variant and family
history through creation of a pedigree. The genetics team
educated the proband on which family members were at
risk for carrying the pathogenic variant. The proband
consented to contact of the ARR and provided ARR

contact information. (2) Direct telephone contact of ARRs
was made by the genetics team. The proband could elect
to contact the ARR first to inform him or her of the study or
could give permission for the genetics team to directly
contact the ARR. (3) Telephone genetic counseling was
offered to ARRs. The genetics physician, using a script,
described the study protocol and offered the ARR par-
ticipation. ARRs interested in participating completed
informed consent. ARRs were then offered telephone
genetic counseling. (4) Mailed saliva kit genetic testing
was provided to ARRs. After genetic counseling, ARRs
interested in genetic testing were mailed saliva kit tests;
single-site genetic testing for the pathogenic variant of
interest was offered free of charge. (5) Telephone dis-
closure of the genetic testing results and posttest tele-
phone genetic counseling were provided. For ARRs
completing genetic testing, the genetics physician con-
tacted the ARRs by telephone to disclose testing results.
The ARR was also telephoned by a certified genetic
counselor to undergo thorough posttest counseling. (6)
The genetics team facilitated sharing of genetic results
and clinical recommendations. The genetic testing re-
sults and guideline-based recommendations for geneti-
cally targeted primary disease prevention were sent
to the ARR’s designated primary care physician with
the ARR’s consent. The ARR was contacted 6 months
later to evaluate utilization of targeted primary disease
prevention (Fig 1).

End Points

The primary outcome was feasibility of this facilitated
cascade testing pathway defined by completion of genetic
testing among ARRs. Secondary outcomes included up-
take of genetic counseling; rationale for declining
counseling and testing; testing results; uptake of cancer
surveillance and risk-reducing surgery; and patient-
reported satisfaction, anxiety, depression, distress, and
uncertainty at the time of genetic testing and at the 6-month
follow-up. The validated quality-of-life (QOL) survey in-
struments included the Hospital Anxiety and Depression
Scale,18 Satisfaction With Decision Scale (SDS),19 and the
Multidimensional Impact of Cancer Risk Assessment
questionnaire.20

Proband with new
diagnosis of autosomal

dominant hereditary
cancer syndrome works
with genetics teams to

identify at-risk relatives.

Genetics team contacts
at-risk relatives by

telephone to review the
study and hereditary

mutation.  

Interested at-risk relatives
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genetic counseling.

Interested at-risk relatives
are mailed genetic testing

saliva kits. 

At-risk relatives that
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for results disclosure and
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Genetic testing results are
shared with the at-risk
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primary care physician.

Facilitated Cascade Genetic Testing Pathway

FIG 1. Facilitated cas-
cade genetic testing
pathway.
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Statistical Analysis

The distribution of continuous variables was tested for
normality via the Kolmogorov-Smirnov test. Univariable tests
were applied on the basis of whether the variable of interest
was distributed normally (ie, t test, analysis of variance) or not
normally (ie, Mann-Whitney U test, Kruskal-Wallis test,
Friedman test). Associations between categorical variables
were evaluated using the x2 test or Fisher’s exact test, as
appropriate for category size. For assessment of QOL, vali-
dated surveys were scored per the survey protocol. For each
patient, scores were compared between the initial surveys
and 6-month follow-up surveys using the Wilcoxon signed
rank test for paired data. All P values are 2-sided with sta-
tistical significance evaluated at the P = .05 level. All ana-
lyses were performed in SPSS Version 24 (IBM SPSS
Statistics for Windows, Version 24.0; IBM, Armonk, NY).

RESULTS

Probands and ARRs

Thirty probands were enrolled in this feasibility trial. After
meeting with the genetics team, probands identified 114
ARRs, with a median of 2 ARRs designated per proband
(range, 0-18 ARRs). Five ARRs were ineligible because of
residence outside of the United States. There were 7 ARRs
for whom the genetics team recommended genetic
counseling and testing but the proband did not consent to
contact for the following reasons: decision not to disclose
results to children younger than age 25 years (n = 2),
concern that ARR was too ill from other medical issues
(n = 1), strained family relationship (n = 1), or no reason
provided (n = 3). The genetics team attempted to contact
the remaining 102 ARRs by telephone. Three telephone
attempts were made for each ARR; if these attempts were
not successful, the ARR was deemed to be uncontacted.
Telephone contact was established with 95 ARRs (83% of all
designated ARRs; Appendix Fig A1, online only; Table 1).

Uptake of Genetic Testing

Among the 95 ARRs successfully contacted by the genetics
team, 100% agreed to participate in the study. Among the
95 ARRs successfully contacted, 92 (97%) agreed to
telephone genetic counseling regarding the familial path-
ogenic variant, 82 (86%) agreed to genetic testing, and 66
(70%) completed genetic testing. Among all 114 identified
ARRs, 81% underwent telephone genetic counseling, 72%
agreed to genetic testing, and 58% completed genetic
testing. The rate of cascade testing uptake among ARRs
was significantly higher than rates reported in the current
literature (58% [95% CI, 49% to 67%] v 30%, respectively;
P , .001).7-11

Rationale for Declining Genetics Services

Three ARRs agreed to participate but, after learning about
the cancer predisposition syndrome identified in their rela-
tive and the available cascade testing pathway, declined

telephone genetic counseling. Reasons for declining genetic
counseling included the following: “I am concerned about
genetic discrimination,” “I already have aBRCA2 diagnosis,”
and “I am not interested.” Among the 92 ARRs who com-
pleted genetic counseling, 10 declined genetic testing.
Reasons for declining testing after counseling included the
following: already had undergone genetic testing (n = 2),
concern about the cost of genetic testing (n = 2), concern
about the effect of positive test results on insurance coverage
(n = 2), no reason provided (n = 2), genetic testing saliva kit
was submitted without an identifier (n = 1), and preferred to
await mother’s genetic testing results (n = 1).

Predictors of Uptake of Genetic Testing

ARRs with living children were more likely to com-
plete genetic testing compared with those without children

TABLE 1. Proband and At-Risk Relative Demographic Characteristics

Characteristic
Probands
(N = 30)

At-Risk Relatives
(N = 95)

Median age, years (range) 51.5 (25-88) 51 (20-85)

Sex, No. (%)

Female 29 (96.67) 47 (49.47)

Male 1 (3.33) 48 (50.53)

Children, No. (%)

Yes 18 (60.00) 64 (67.37)

No 12 (40.00) 31 (32.63)

Median No. of children (range) 1 (0-5) 2 (0-10)

Median No. of first-degree
relatives (range)

4 (2-10) 5 (1-16)

Median No. of second-degree
relatives (range)

5.5 (1-16) 5 (0-19)

Education, No. (%)

Elementary 0 (0) 2 (2.11)

High School 2 (6.67) 16 (16.84)

College 15 (50.00) 40 (42.11)

Graduate school 13 (43.33) 32 (33.68)

Not available 0 (0) 5 (5.26)

Personal history of cancer,
No. (%)

24 (80.00) 14 (14.74)

Breast cancer 17 (56.67) 3 (3.16)

Ovarian cancer 8 (26.67) 0 (0)

Uterine cancer 3 (10.00) 2 (2.11)

Melanoma 1 (3.33) 1 (1.05)

Thyroid cancer 1 (3.33) 0 (0)

Prostate cancer 0 (0) 4 (4.21)

Colorectal cancer 0 (0) 2 (2.11)

Lymphoma 0 (0 2 (2.11)

Stomach cancer 0 (0) 1 (1.05)

Family history of cancer,
No. (%)

29 (96.67) 91 (95.79)
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(77% v 55%, respectively; P = .036). The median age of
ARRs who completed genetic testing was significantly older
than those who did not (57 years [range, 24-85 years] v
44 years [range, 20-78], respectively; P = .008). ARRs
reporting a family history of cancer had a trend toward
higher uptake of genetic testing than those without a re-
ported family history (93% v 67%, respectively; P = .06).
Sex, number of first- or second-degree relatives, education,
and personal cancer history were not associated with
uptake of genetic counseling or testing.

Results of Cascade Genetic Testing

Among the 66 ARRs who completed genetic testing, 27
(41%) were found to carry the familial pathogenic variant.
Thirty-eight ARRs had a negative testing result. One ARR
submitted 2 saliva samples; however, neither sample had
sufficient DNA content for testing. See Appendix Table A1
(online only) for a description of pathogenic variants
identified in probands and ARRs.

Genetically Targeted Primary Disease Prevention

ARRs were contacted 6 months after disclosure of genetic
testing results to evaluate downstream implications of
cascade testing. Among 92 ARRs who agreed to genetic
counseling, 86 (94%) were reached for follow-up. Four
ARRs reported a total of 6 additional relatives in their family
who underwent genetic testing, representing a cascade of
the original cascade. Among 27 ARRs found to harbor
pathogenic variants, 24 (89%) were successfully reached
for 6-month follow-up. Seven of these ARRs had undergone
a total of 11 cancer surveillance interventions as a result of
the cascade testing. Four ARRs reported undergoing a total
of 5 cancer risk–reducing surgeries as a result of the
cascade testing (Table 2).

QOL Measures

Among the 30 probands, 24 (80%) completed QOL surveys
at time of cascade testing and at the 6-month follow-up.
Probands reported the highest possible score for satis-
faction with their decision to participate in cascade testing
at the time of cascade testing and at the 6-month follow-up.
Probands reported normal levels of anxiety and depression
at time of cascade testing and 6-month follow-up (Table 3).
Fifteen probands (63% of those completing the survey)
reported being uncertain about what the test results mean
for their own cancer risk and the cancer risk of their
children or other family members. Five probands (21%)
reported never or rarely understanding clearly their choices
for cancer prevention and early detection. Six probands
(25%) reported sometimes or often having difficulty talking
about test results with family (Fig 2).

Among the 95 ARRs successfully contacted by telephone,
39 (41%) completed QOL surveys at the time of genetic
counseling or results disclosure for those who underwent
testing, and 40 (42%) completed QOL surveys at the
6-month follow-up. Similar to probands, ARRs reported the

highest possible score for satisfaction with the decision to
participate in cascade testing at both time points. ARRs
demonstrated normal levels of anxiety and depression at
the time of genetic counseling and at the 6-month follow-
up. ARRs did not report a negative perception of the impact
of their cancer risk assessment experience with low scores
on the distress, uncertainty, and positive subscales
(Table 3). On the basis of the SDS survey, 100% of
responding ARRs reported that they were adequately in-
formed about the option for genetic testing. Ninety-five
percent of ARRs reported feeling satisfied with their de-
cision regarding genetic testing (Fig 3).

There were significant differences in the QOL measures
when comparing probands to ARRs. ARRs reported sig-
nificantly lower levels of anxiety and depression at time of
cascade testing compared with probands. Probands re-
ported a more negative perception of their cancer risk
assessment experience at the time of cascade testing and
the 6-month follow-up. Probands also reported greater
distress and uncertainty with their cancer risk assessment
at the time of cascade testing and the 6-month follow-up
(Table 3).

DISCUSSION

To fully realize the benefits of cancer genetic testing and
genetically targeted disease prevention, these services
must be extended to disease-free relatives with cascade
testing.21 However, there are many barriers to cascade
testing, including the burden on the proband to inform,
shortage of adequately trained genetics specialists, and
existing reimbursement and insurance policies, resulting in
testing uptake rates of , 30% among ARRs.7-11 Prior
studies demonstrate that cascade testing is most effective

TABLE 2. Genetically Targeted Primary Disease Prevention Among
At-Risk Relative at 6 Months After Identification of Pathogenic Variant

Disease Prevention
No. of Relatives

(n = 24)a

Cancer surveillance interventions 11

Mammogram 3

Breast magnetic resonance imaging 2

Colonoscopy 2

Prostate-specific antigen 2

Endoscopy 1

Pelvic sonogram 1

Cancer risk–reducing surgery 5

Hysterectomy with bilateral salpingo-
oophorectomy

3

Bilateral salpingo-oophorectomy 1

Mastectomy 1

aAmong 27 at-risk relatives found to have a pathogenic variant, 24
were successfully reached for 6-month follow-up.
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when relatives are contacted directly by the medical team
and testing convenience is prioritized.15-17 In a large study
of cascade testing for hereditary cancer syndromes,
Caswell-Jin et al22 report that among 1,101 probands,
2,280 first-degree relatives were identified and 47.5%
completed genetic testing through a low-cost online ini-
tiative. With the barriers and prior successful strategies in
mind, we aimed to improve access to counseling and
testing for ARRs by bundling multiple interventions into
a facilitated cascade testing pathway. Among the 114
identified ARRs, 81% underwent telephone genetic
counseling and 58% completed genetic testing. Among
the 95 ARRs successfully contacted by telephone, 97%
underwent genetic counseling and 70% completed genetic

testing. Among the 66 ARRs who underwent genetic
testing, 41% were found to have the familial pathogenic
variant.

The most common reasons provided for declining genetic
testing were concern about future access to insurance,
genetic discrimination, and cost. Currently, many genetic
testing laboratories offer free single-site genetic testing for
relatives of an affected individual. For individuals at high
risk who do not qualify for such family-based programs,
testing is often covered by insurance or self-pay options for
under $250. Despite our counseling that testing on this
protocol was without charge, cost was cited as a reason for
declining testing. This likely reflects a lingeringmisconception

1 6 11 16 21

Feeling upset about my test result
Feeling sad about my test result

Feeling anxious or nervous about my test result
Feeling guilty about my test result

Feeling a loss of control
Having problems enjoying my life because of my test result

Worrying about my risk of getting cancer
Being uncertain about what my test result means about my cancer risk

Being uncertain about what my test result means for my child(ren) and/or family's cancer risk
Having difficulty making decisions about cancer screening or prevention

Understanding clearly my choices for cancer prevention or early detection
Having difficulty talking about my test results with family members

Feeling satisfied with family communication about my genetic test result

Never Rarely Sometimes Often No. of Patients

FIG 2. Results from selected responses to the Multidimensional Impact of Cancer Risk Assessment questionnaire among probands at time of cascade
genetic testing (n = 24). Probands were encouraged to complete all questions within the survey instrument; however, they occasionally elected to only
complete a portion of the survey.

1 6 11 16 21 26 31 36

 I had as much input as I wanted in the choice about genetic testing.

 I expect to successfully carry out (or continue to carry out) the decision.

My decision was consistent with my personal values.

The decision I made was the best decision possible for me personally.

 I am satisfied with the decision that was made about genetic testing.

 I was adequately informed about the option for genetic testing.

Strongly disagree Disagree Niether agree nor disagree Agree or strongly agree
No. of Patients

FIG 3. Results of the Satisfaction With Decision Scale among at-risk relatives at time of genetic counseling or testing (n = 39). At-risk relatives were
encouraged to complete all questions within the survey instrument; however, they occasionally elected to only complete a portion of the survey.
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that genetic testing is largely uninsurable and unaffordable
and emphasizes the importance of educating patients and
physicians about updated testing costs and access to free
single-site testing for some ARRs.

Twenty-four ARRs with positive genetic testing provided
information on utilization of strategies for cancer prevention
or early detection 6 months after results disclosure. Among
these 24 ARRs, 7 (29%) underwent at least 1 cancer
surveillance study and 4 (17%) underwent a cancer
risk–reducing surgery. These results offer preliminary
confirmation that ARRs act on and potentially benefit from
the information gained through cascade testing. Follow-up
was performed at a short interval after testing, and greater
utilization of cancer preventative strategies may be revealed
on future evaluation.

Although professional organizations and guidelines call for
the implementation of cascade testing, debate remains
about the conflict between the proband’s privacy and the
rights of ARRs to be notified about genetic information.23

This study required proband consent for all ARR contact,
and QOL measurements demonstrated no adverse se-
quelae. QOL measurements did reveal that individuals
with newly diagnosed cancer-associated pathogenic vari-
ants have uncertainty about the implications of these
results for themselves and their relatives and difficulty
communicating test results with relatives. This was un-
expected because all probands underwent in-person
genetic counseling with a trained genetics provider be-
fore study enrollment. These results further emphasize
potential advantages of direct contact of ARRs by the
medical team. Patients with a new diagnosis of a cancer-
associated pathogenic variant often are simultaneously
coping with a new cancer diagnosis and may be further
burdened by requests by providers to inform ARRs of the
need for counseling. Our data suggest that even after
formal genetic counseling, probands often do not fully
understand the implications of or available cancer pre-
vention strategies for the pathogenic variant, which may
result in the sharing of inaccurate or incomplete in-
formation. Our findings support the rationale for a para-
digm shift whereby the medical team takes on the effort
to inform ARRs, thus addressing uncertainty among
probands and ensuring communication of accurate
information.

ARRs reported significantly lower levels of anxiety and
depression and a more positive experience at the time of
cascade testing compared with probands. This is not sur-
prising given that most ARRs did not have a new cancer
diagnosis and many had negative genetic testing results. It
was reassuring that ARRs reported high levels of satis-
faction with genetic testing. Recent literature supports both
patient and provider satisfaction with telephone-based
genetic counseling and suggests that telephone genetic
counseling is associated with lower cost and similar clini-
cal outcomes, including knowledge, decision conflict, and

QOL.24,25 Currently, resources for and access to in-person
genetic medicine consultation services are limited both for
newly diagnosed patients with cancer and ARRs. Cascade
genetic testing offers a favorable context for telegenetic
services; DNA testing via mailed saliva kits provides access
to genetic services for ARRs who may be geographically
remote from their affected relative.

An important limitation of this study is that it was a small
feasibility trial without a control arm. Future studies can
evaluate the facilitated cascade pathway compared with
standard of care or other strategies relying on ARR contact
by the proband. ARRs enrolling in this study were offered
testing only for the known familial pathogenic variant
(single-site testing) and not extensive panel testing. Prior
studies of cascade genetic testing demonstrate that up to
5% of first-degree relatives undergoing cascade genetic
testingmay have an unexpected pathogenic variant that the
proband did not share.22 It is likely that this incremental
yield reflects what would be detected in population-based
screening; however, future studies can evaluate single-site
versus expansive panel testing in the setting of familial
cascade genetic assessment. We sought to evaluate the
feasibility of the testing strategy and included probands with
any autosomal dominant hereditary cancer syndrome. As
a result, our population included pathogenic variants with
varying levels of penetrance and clinical actionability,
whichmay have contributed to differences in testing uptake
among ARRs. This study did not address the cost asso-
ciated with cascade testing. Although many genetic testing
laboratories offer free testing for relatives of an affected
individual, to demonstrate sustainability, future work is
needed to evaluate the cost effectiveness associated with
genetic counseling, sequencing, and cancer preventative
services per additional quality-adjusted life-year. Finally,
those ARRs who avoided contact or declined counseling or
testing did not complete the QOL instruments, so our re-
ported satisfaction may be overstated. Similarly, we cannot
assess any perceptions of intrusion or violation of privacy,
as the ARRs feeling this way did not provide follow-up data.

Most individuals in the United States carrying a cancer
susceptibility gene remain unaware of their pathogenic
variant and cancer risk. At least 50% of these individuals
would be missed if genetics referrals relied on family his-
tory–based clinical guidelines alone.26 Cascade testing
presents an opportunity to identify these at-risk individuals
before a cancer diagnosis. As an example, Offit et al27

propose that a cascade of genetic testing initiated by
testing at time of cancer diagnosis could identify all at-risk
individuals in the United States in less than a decade.
However, the success of any model will rely on an effective
and feasible pathway for implementing cascade testing. We
propose a strategy of facilitation by the medical team
combined with convenient at-home counseling and testing
for ARRs to significantly reduce the burden of cancer as
a result of familial pathogenic variants.
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APPENDIX

Enrolled probands
(N = 30)

At-risk relatives identified
by the proband and
the genetics team

(n = 114)

At-risk relatives called by
the genetics team

(n = 102)

Genetics team successfully
contacted at-risk relative

by telephone
(n = 95) 

Genetics team could
not successfully contact

at-risk relative by telephone
(n = 7)

At-risk relative agreed
to telephone

genetic counseling
(n = 92) 

At-risk relative declined
telephone

genetic counseling
(n = 3)

At-risk relative agreed
to genetic testing

(n = 82)

At-risk relative declined
genetic testing

(n = 10)

At-risk relative completed
genetic testing

(n = 66)

At-risk relative did not
complete genetic testing

(n = 16)

Excluded
Proband did not approve of
   at-risk relative contact
At-risk relative lived outside
   of the United States

(n = 12)
(n = 7)

(n = 5)

FIG A1. CONSORT flow diagram.
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TABLE A1. Pathogenic Variants Identified in Probands and ARRs

Pathogenic
Variant

No. of Affected
Probands Nucleotide Change

No. of Identified
ARRs

No. of ARRs
That Completed
Genetic Testing

No. of ARRs
With Pathogenic
Variant (positive)

No. of ARRs
Without

Pathogenic
Variant (negative)

BRCA1 8 c.1116G.A
c.213-12A.G
c.2630delA
c.4828dupT
c.4964_4982del19
c.5150delT
c.5266dupC
c.68_69delAG

41 24 7 17

BRCA2 8 c.3866_3868dupAAT
c.3922G.T
c.4829_4830delTG
c.5945del
c.5946delT
c.658_659delGT
c.7007+2T.C
c.9097dupA

27 17 8 9

APC 2 c.3920T.A
c.3920T.A

5 5 3 2

MSH6 2 c.3276dup
c.34392A.G

6 1 0 1

MUTYH 2 c.1187G.A
c.734G.A

6 2 2 0

RAD51C 2 c.181_182delCT
c.9053_906delCAGGG

4 4 2 2

ATM 1 c.5908C.T 0 0 0 0

BARD1 1 c.1227_1231delTAGTC 2 0 0 0

BRIP1 1 c.2109delAinsTCC 12 7 4 3

CHEK2 1 c.1100delC 5 3 1 2

MSH2 1 Deletion exons 1-7 0 0 0 0

PTEN 1 c.892C.T 6 3 0 3

Abbreviation: ARR, at-risk relative.
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