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Abstract

Cascade testing for familial cancer syndromes has historically been difficult to execute. As part

of a facilitated cascade testing pathway, we evaluated barriers to completion of cascade testing.
Our previously published study evaluated a facilitated cascade testing pathway whereby a genetics
team facilitated at-risk relative (ARR) cascade testing through telephone genetic counseling and
mailed saliva kit testing. This follow-up study evaluated barriers to completion of cascade genetic
testing through six-month follow-up telephone interviews. Probands identified 114 ARRs, of
whom 97 were successfully contacted by telephone. Among those contacted, 83 (86%) reported
interest in genetic testing and 14 (14%) declined. Among those reporting interest in testing,

71% (69/83) completed testing. Follow-up telephone interviews revealed that 14 ARRs did

not complete testing despite reporting interest for the following reasons: concern about genetic
discrimination, fear of a positive result and belief that the pathogenic variant was not relevant to
his/her health. Five ARRs reported that they remained interested in testing and the telephone call
prompted completion of testing. Even when facilitated by a medical team with prioritization of
relative convenience, significant barriers to cascade testing ARRs for hereditary breast and ovarian
cancer syndrome persist due to concern about genetic discrimination, cost, and fear of positive test
results.

Keywords

Cascade genetic testing; Predictive testing; Hereditary breast and ovarian cancer syndrome; Lynch
syndrome

Introduction:

In the United States, rates of referral for genetic testing have increased in the past two
decades. However, only a modest proportion of individuals with cancer-associated germline
pathogenic variants have been identified [1-4]. Cascade testing is a strategy to identify
individuals unknowingly carrying germline pathogenic variants. This is accomplished
through familial diffusion, or the “cascade” of genetic risk information, whereby, starting
with the affected patient (proband), genetic testing is extended to at-risk relatives (ARRS).
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, 3, 5, 6].

Hereditary breast and ovarian cancer (HBOC) syndrome is an inherited genetic condition
that causes an increased risk of breast, ovarian, pancreatic, and prostate cancers as well as
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melanoma [7]. HBOC is most-commonly due to autosomal dominant germline pathogenic
variants of BRCA1 and BRCAZ, however, other genes have also been associated including
ATM, BRIP1, CDH1, CHEKZ, NBN, NF1, PALB2, RAD51C, RAD51D [7]. Despite the
known benefits of cascade testing for hereditary cancer syndromes like HBOC, it has
historically been difficult to execute. While probands disclose genetic results to more than
80% of ARRs, studies demonstrate that only 15-30% actually use recommended genetic
services [8, 9]. Because most individuals do not have a cancer diagnosis, the limited
existing literature on barriers to cascade testing suggests that testing for cancer-associated
syndromes presents unique complexities which contributes to a poor understanding—and
limited use—of genetic services. Previously reported barriers include the lack of access

to genetic services, socioeconomic factors, lack of health insurance coverage, health care
provider-patient communication, patient-family communication, and concerns about misuse
of genetic information [10-14]. We now look to investigate barriers to cascade genetic
testing when several of these previously demonstrated barriers are controlled for.

In our previously published pilot study, we evaluated a cascade genetic strategy facilitated
by a medical team that provided telephone genetic counseling and mailed saliva testing. The
facilitated strategy resulted in testing for 58% of ARRs, which was a significantly higher
uptake than previously reported (58% vs. 30%, P<0.001, 95% CI 49%-67%) [15]. The
most common reasons provided for declining genetic testing from the initial feasibility study
were concern about future access to insurance, genetic discrimination, and cost [15]. Even
in the initial feasibility trial—which controlled for already known limitations of cascade
testing including cost, knowledge about services, and relative ease of obtaining the test—
some unknown barriers still existed given the lack of completion among different ARRSs.
This follow-up prospective study aims to identify these obstacles in order to design an
intervention that is even more efficacious.

Methods and Materials

Our study was reviewed by an institutional review board/human investigations committee/
ethics committee (Weill Cornell Institutional Review Board) and approved as human
subjects research.

Probands were included if they met the following criteria, 1) age greater than or equal to 18
years, and 2) presence of a cancer-associated germline pathogenic variant identified in the
preceding 12 months. ARRs were included if they met the following criteria: 1) age greater
than or equal to 18 years, 2) relative of a proband enrolled in the study, 3) proband consented
to contact of ARRs. ARRs were eligible for repeat telephone contact in this follow-up study
if they initially expressed interest in genetic testing but did not return the mailed saliva kit
for completion of genetic testing.

This prospective study was approved by the Institutional Review Board. All experiments
were performed in accordance with relevant guidelines and regulations. Complete study
details are available in the original pilot publication [15]. The facilitated cascade testing
pathway bundled multiple components: 1) the genetics team (genetics physician and
genetics team navigator) facilitated identification of ARRs through creation of a pedigree,
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educating the proband on which family members were at-risk for carrying the pathogenic
variant, 2) the genetics team contacted ARRs to review the familial pathogenic variant,
provide telephone genetic counseling, and offer genetic testing, 3) ARRs interested in
genetic testing were mailed saliva kits to complete at home, 4) the genetics team contacted
ARRs to disclose results, 5) ARRs underwent telephone genetic counseling to review
results.

For this follow-up study, ARRs who reported interest in genetic testing and received a saliva
kit but did not return the saliva kit for genetic testing were re-contacted by telephone at

six months. The genetics team, using a script, performed a standardized telephone survey
inquiring about the reasons for not completing the mailed saliva kit. ARRs were then asked
whether they were still considering completing genetic testing. Those ARRs interested in
completing testing were informed that they still had the opportunity to return the mailed
saliva kit and would be contacted by the study team for disclosure of results and post-test
genetic counseling. Cost of testing was covered by the study.

The primary objective was to evaluate the reasons ARRs did not complete oncologic cascade
testing. This discussion regarding barriers occurred during a follow-up telephone call taking
place 6-12 months following the initial genetic counseling. Secondary objectives included
evaluating demographic and clinical predictors of genetic testing completion as well as
future completion of testing following the telephone survey. ARR characteristics evaluated
included type of familial pathogenic variant, age, gender, highest level of education, parental
status, personal history of cancer, family history of cancer, number of relatives affected by
cancer and whether or not the proband had a cancer diagnosis.

Univariate tests were applied based on whether the variable of interest was normally
distributed (i.e., t-test, analysis of variance) or not (i.e., Mann-Whitney U test). Associations
between categorical variables were evaluated by the chi-square test or Fisher’s exact tests,
as appropriate for category size. All tests were two-sided with statistical significance set

at P<0.05. All analyses were performed in SPSS Version 24 (IBM SPSS Statistics for
Windows, Version 24.0. Armonk, NY: IBM Corp.).

The initial pilot study reported on 30 probands and 114 identified ARRs [15]. Five ARRs
were ineligible due to residence outside of the United States. Seven ARRs were ineligible
because, despite the genetics team recommending genetic counseling and testing, the
proband did not consent to contact for the following reasons: decision not to disclose results
to children younger than 25 years (2), concern that ARR was too ill from other medical
issues (1), strained family relationship (1), and no reason provided (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. Among ARRs where race/ethnicity information was provided, 57/72 (79%)
identified as white as 15/72 (21%) identified as non-white.
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Telephone contact was established with 97 ARRs (95% of all attempted ARRS). Among the
97 contacted ARRs, 69 (71%) agreed to and completed genetic testing (an additional three
patients returned saliva kits following the publication of the pilot study). Among contacted
relatives, 14 declined genetic testing for the following reasons: already completed genetic
testing (3), concern about genetic discrimination (3), no reason provided (5), concern about
cost associated with genetic testing (1), genetic testing saliva kit was submitted without an
identifier (1), and preferred to await his mother’s genetic testing results (1).

Fourteen ARRs stated that they were interested in genetic testing and requested that a
saliva kit be mailed to their home however did not return the kit for evaluation (Table 1).
We contacted these 14 ARRs six months after the initial telephone contact. These ARRs
reported the following reasons for not completing the saliva kit genetic testing: fear of a
positive result (6), concern about genetic discrimination (3) and belief that the pathogenic
variant was not relevant to his/her health (3). Of note, some ARRs provided more than one
reason. Five ARRs reported that they remained interested in testing but had forgotten to
return the saliva kit. Following this telephone call, all five of these ARRs completed genetic
testing via the mailed saliva kit. Three were found to carry the familial pathogenic variant
and two tested negative. The relatives that stated the pathogenic variant was not relevant to
his/her health included: 1) a 56-year-old male with a CHEKZ familial pathogenic variant,
2) a 51-year-old male with a BR/P1 familial pathogenic variant, 3) a 20-year-old male

with a BRCA1 familial pathogenic variant. In our pilot study, when including ARRs who
completed testing following a six-month telephone call prompt, 74 (76%) of the 97 ARRs
with whom contact was established completed cascade testing and 40% (30/74) were found
to have pathogenic variants.

At the conclusion of the follow-up telephone interview for ARRs who initially agreed to
genetic testing, however did not complete the mailed saliva kit, participants were invited
to provide comments addressing why they did not complete the requested saliva kit. A
selection of some of the responses are shown below:

. “l have multiple other medical co-morbidities including aortic valve dysfunction
for which | see a physician every three months, | did not want an additional
diagnosis looming over me.” [45-year-old female with a family history of a
MSH2Z pathogenic variant]

. “l am worried about results affecting my children negatively with insurance.
Also, | did not feel that BR/P1 applied to me as a male.” [51-year-old male with
a family history of a BR/PI pathogenic variant]

. “l am too stressed and busy with studying for school. | am not interested in
knowing at this time.” [22-year-old male with as family history of a MSHZ2
pathogenic variant]

We compared characteristics for ARRs who completed versus ARRs who declined genetic
testing. There was no significant difference in uptake of genetic testing when comparing
gender, highest level of education, parental status, personal history of cancer, family history
of cancer, number of relatives affected by cancer, and whether or not the proband had a
cancer diagnosis. However, ARRs completing genetic testing were significantly older than
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those who did not complete testing, 54 (range 24-85) vs. 43 (20-78) years respectively (P
= 0.002). ARRs completing genetic testing were also significantly older than those who
initially agreed to testing but did not complete testing, 54 (range 24-85) vs. 41 (29-73) (P =
0.003) (Table 2).
Discussion

Our study demonstrates that even when facilitated by a medical team with prioritization of
testing convenience, significant barriers to cascade genetic testing for HBOC persist. We
reported on 30 probands and 114 identified ARRs; telephone contact was then established
with 97 ARRs (95% of all attempted ARRs). Among the 97 contacted ARRs, 28 (29%) did
not complete genetic testing. Fourteen of whom declined testing and 14 expressed interest
in genetic testing but did not return mailed saliva kit test. After 6-months of follow-up from
the initial feasibility trial, we found that the most significant barriers to completing genetic
testing for ARRs were fear of a positive result, concern about genetic discrimination and the
belief that the familial pathogenic variant was not relevant to his/her personal health.

Cascade testing has been designated by the Centers for Disease Control and Prevention
(CDC) as a Tier 1 genetic application for hereditary breast and ovarian cancer and Lynch
syndrome [16, 17]. The Society of Gynecologic Oncology (SGO), National Comprehensive
Cancer Network (NCCN), American College of Obstetricians and Gynecologists (ACOG)
and American Society of Clinical Oncology (ASCO) all emphasize the importance of
cascade testing [3, 7, 18-20]. However, the literature reveals rates of cascade testing success
are low, with rates as low as 15-30% [8, 9, 21-24]. The most commonly cited barrier to
cascade testing is the lack of family members being informed about the pathogenic variant
and recommendation for testing [24, 25]. Our study facilitated the process of informing
family members and, therefore, highlights other barriers to successful oncologic cascade
testing. Despite utilizing a medical genetics team to contact ARRs, disclose and explain the
familial pathogenic variant and importance of genetic testing and facilitate and subsidize
testing performed at home, 29% of contacted ARRs did not complete genetic testing.

Our study identified three ARRs who declined cascade testing because they believed

that the familial pathogenic variant was not clinically relevant to their health. This

included a 56-year-old male with a family history of a CHEKZ pathogenic variant, a
20-year-old male with a family history of a BRCA1 pathogenic variant and a 51-year-

old male with a family history of a BR/PI pathogenic variant. For males with CHEK?2
pathogenic variants, the NCCN guidelines recommend colonoscopy screening starting at
age 40, every 5 years (or 10 years prior to age of first-degree relative’s age at colorectal
cancer diagnosis), and therefore identifying a CHEKZ pathogenic variant in this individual
would be clinically actionable.2® For males with BRCA1 pathogenic variants, the NCCN
guidelines recommend: for breast cancer risk, breast self-exam training and education, as
well as clinical breast exams every 12 months starting at age 35; for prostate cancer risk,
consideration of shared decision-making about prostate-specific antigen (PSA) screening at
age 40 and to consider screening at annual intervals.” While currently there are no guidelines
for males with BR/P1 pathogenic variants, this patient has one daughter; for women with
BRIP1 pathogenic variants, the NCCN guidelines recommend consideration of risk-reducing
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salpingo-oophorectomy at 45-50 years of age, given an increased risk of ovarian cancer [7,
26].

In one of the largest studies to date evaluating barriers to oncologic cascade testing,
Donenberg et al. report on a cohort of 268 women with breast cancer in Trinidad and Tobago
[27]. This study employed a similar strategy of using board-certified genetic counselors to
conduct family counseling sessions which included a discussion about genetic test results,
gene-associated cancer risks, risks for cancer recurrence and options for cancer screening
and risk reduction. They identified the following barriers to cascade testing: inability to
contact relatives, fear of knowing results, loss to follow-up after agreeing to participate, and
strained family relations, similar to findings from our study [27]. This study, along with

our data, suggests that a formal approach to building a genetic risk assessment program
that incorporates promotion of awareness and empowerment amongst probands and family
members is an effective method to improve uptake of cascade testing [27, 28].

This study has important limitations. As ARRs were contacted via telephone for surveys six
months following initial genetic counseling, we are unable to account for recall bias. This
study could not accurately address cost as a barrier to cascade testing, as testing was funded
as part of study participation. Although many genetic testing laboratories offer free testing
for relatives of an affected individual, to demonstrate precisely the significance of cost as

a barrier, future work, where coverage is not guaranteed through a research mechanism,

is needed. We did not include data on whether the proband discussed results with the

ARRs during the genetic counseling visit. In addition, all probands in this study sought
care at a tertiary care center, and the results are not easily generalizable to more vulnerable
communities and different patient populations.

It is important to note that our follow-up telephone contact had the unexpected consequence
of prompting five relatives who had not completed their saliva tests to complete testing.
Furthermore, 60% (3/5) were found to carry the familial pathogenic variant. While this
finding suggests that reminders from the medical team may improve testing uptake, we
have not identified the ideal timing and manner in which to re-contact ARRs who have not
completed testing.

With our facilitated cascade genetic testing strategy, we were able to eliminate many

of the barriers to genetic testing previously cited in the literature, including cost, lack

of awareness, and inaccessible services [8, 9, 27]. Yet, nearly one third of ARRs
contacted still did not complete cascade testing for HBOC. This allowed us to identify
additional important barriers to cascade testing including fear of positive results, concern
of genetic discrimination and lack of awareness of pertinent evidence-based screening and
management guidelines.

Conclusion

Our initial pilot study and follow-up telephone interviews add to our understanding of
barriers to successful cascade testing for cancer-associated pathogenic variants. ARRs are
concerned about genetic discrimination and implications for insurance coverage as well as
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cost associated with testing (even those enrolled on a study where the cost of testing was
covered as part of study participation). Furthermore, many ARRs who initially reported
interest in testing did not follow through with testing due similar concerns in addition to
fear of positive results and an erroneous belief that the pathogenic variant was not clinically
relevant. Finally, a telephone call at six-months prompted some ARRs initially interested in
testing to complete their saliva kits, emphasizing the need for built in mechanisms for patient
follow-up. Efforts to improve uptake of cascade genetic testing should address concerns
about genetic discrimination, cost of testing, fear of positive results, evidence-based cancer
prevention strategies based on the familial pathogenic variant and should embed follow-up
systems into the cascade testing workflow. Our results demonstrate that improving effective
communication strategies surrounding medical genetic testing has the potential to improve
the identification of HBOC, which may improve care and ultimately prevent cancer in
high-risk families.
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Table 1.

At-risk relatives (ARRS) that did not complete cascade genetic testing among 114 proband-designated
relatives. (ARR: At-Risk Relative)

Successfully contacted by the ARR expressed interest in genetic
Not contacted by the genetics team (17) genetics team but declined testing did not return mailed test*
testing (14) (14)

- Proband did not consent to ARR - Noreason provided - Fear of a positive result

contact (5/14, 36%) (6/14, 43%)
(717, 41%) ‘ _ _
- ARR already completed genetic - Concern about genetic testing

- Genetics team unable to contact ARR testing (3/14,21%)
due to residence outside of the United (3/14, 21%) . . .
States - Belief that the pathogenic variant
(5/17, 29%) - Concerned about insurance was not relevant to his/her health

coverage/genetic discrimination (3/14, 21%)

- ARR not reachable with attempted (3/14, 21%) . . . X
telephone contact - Remained mterfest in testlr}g and
(5/17, 29%) - ARR concerned about cost completed tes?mg after this

(114, 7%) telephone reminder
(5/14, 36%)

- Kit submitted without an identifier
(1/14,7%)

- ARR preferred to await results from
relative’s testing
(1/14,7%)

*
ARR with more than one response
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Characteristics of at-risk relative (ARR) cohorts that completed genetic testing versus those that did not

Table 2.

complete genetic testing. First degree family members include parent, full sibling, child.

Completed Testing (69)

Declined testing (14)

Agreed to testing did not complete (14)

Mean Age, year (Range) 54 (24-85) 47 (20-67) 41 (29-73)
Gender

Male 32 9 8
Female 37 5

Familial Mutation

APC 5 0 0
BRCA1 27 4 4
BRCAZ2 17 3 3
BRIP1 7 3 1
CHEKZ2 3 1 1
MSHZ2 0 0 0
MSH6 1 2 1
MUTYH 2 1 0
PTEN 3
RAD5IC 4 0 0
Proband with cancer

Yes 20 6

No 49 6
Highest level of education *

Elementary School 2 0 0
High School 14 2 1
College 25 5 9
Graduate School 26 3 4
Mean Number of Children 2 (0-10) 1(0-3) 2 (0-9)
Mean Number of Living Relatives 4 (1-16) 5(2-9) 6 (3-12)
Personal Cancer Diagnosis*

Yes 13 1 1
No 56 11 13
Family Cancer History *

Yes 68 12 14
No 0 0

*
Among patients with reported responses
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