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Abstract

Purpose of Review Cascade testing, or screening, is the process of stepwise, systematic genetic testing of at-risk relatives for a
genetic variant originally identified in a proband. Cascade testing effectively identifies at-risk relatives who would benefit from
early screening and/or medical intervention, and can potentially lead to early diagnoses and disease prevention. However, recent
studies highlight the need for additional resources to enhance family communication and improve the cascade testing process. In
this mini-review of cascade testing, we discuss various factors that influence the effectiveness of communicating genetic risk
information among families, including barriers, provision of additional resources, direct contact, and the role of technology and
healthcare providers.

Recent Findings Patients desire and value involvement of healthcare providers in the cascade testing process. Uptake of cascade
testing increases when patients are provided with educational materials and technological resources, and when healthcare
providers assist with communicating risk to their at-risk relatives.

Summary Through achievable adjustments in patient care, healthcare providers can facilitate family communication and uptake
of cascade testing. This can be done by asserting the importance of genetic testing results to at-risk family members when
reviewing results with patients and leveraging technological tools and other options for direct contact to maximize the benefits of
earlier diagnosis and prevention.
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Introduction including hereditary breast and ovarian cancer syndrome

(HBOC), Lynch syndrome (LS), and familial hypercholester-

From the perspective of patients undergoing genetic testing,
one of the major benefits to receiving a positive genetic test
result is the ability to help family members anticipate health
risks [1]. The process of systematic, stepwise testing of at-risk
relatives for a previously identified familial variant is referred
to as cascade testing or screening. Much of the work on cas-
cade testing has been associated with conditions designated by
the Centers for Disease Control and Prevention (CDC) Office
of Public Health Genomics as Tier 1 genomic applications,
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olemia (FH) [2].

Several different approaches to cascade testing have previ-
ously been developed. /ndirect cascade testing, also known as
proband- or family-mediated contact, is commonly used in
genetics clinics throughout the USA. In this approach,
healthcare providers identify which relatives are at the highest
risk to have inherited the genetic variant identified in the pro-
band. Providers then recommend that the proband encourage
those relatives to seek genetic testing or appropriate clinical
evaluation. Alternatively, direct cascade testing, also referred
to as “direct contact”, occurs when the proband provides in-
formed consent for his or her healthcare team to share perti-
nent information regarding their genetic test result directly
with at-risk relatives. This also involves the proband provid-
ing the healthcare team with contact information (e.g., name,
mailing address, phone number) for at-risk relatives. Then,
clinic staff contact the at-risk relatives and offer information
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about the genetic risk variant and condition and next steps
for cascade testing. An intermediate approach between in-
direct and direct cascade testing involves proband- or
family-mediated contact with assistance from a healthcare
provider [3]. In this approach, the proband is provided
patient-friendly information about their medical condition
and genetic testing so that medically accurate information
from a healthcare provider can be distributed to their at-risk
relatives.

In this mini-review of the recent (past 5 years) literature on
cascade testing, we discuss various factors that influence the
effectiveness of communicating genetic risk information
among families, including barriers, provision of additional
resources, direct contact, and the role of technology and
healthcare providers.

Where Are We Now?: Success Rates of Cascade
Testing Practices

The value of cascade testing is increasingly recognized in the
overall process of genetic testing for its potential to lead to
earlier diagnoses and preventive management, and for its cost-
effectiveness [4]. Herein, we report on recent efforts made by
multiple groups to improve family communication and the
uptake of cascade testing.

Dilzell et al. evaluated educational materials provided to
patients diagnosed with Lynch syndrome to facilitate commu-
nication with their relatives about their inherited risk [5]. A
variety of materials were provided to relatives, including ge-
netic counseling notes, a family letter, a personal note from the
proband, laboratory information, online resources, and sup-
port group information. A survey of 50 probands and 24 rel-
atives evaluated satisfaction and use of the different materials.
Probands indicated that they had informed 88% of available
first-degree relatives and 64% of available second-degree rel-
atives of the family risk. The educational material probands
reported sharing most often was the genetic counseling note.
Eighty-three percent of relatives reported receiving at least
one of the educational materials. This study demonstrated that
sharing at least one educational material was associated with
increased cascade testing follow-up, i.e., more first-degree
relatives had genetic testing (51 vs. 19%, p=10.012) and can-
cer screening (69 vs. 29% p =0.001) when they received ed-
ucational material compared to relatives who did not [5]. Both
probands and relatives also reported a desire for additional
information, such as a brochure or link to a website describing
Lynch syndrome, related cancer risks, and recommended can-
cer screening.

A 2015 study by Bell et al. reported improvement in cas-
cade testing uptake for FH with a program coordinated
through a dedicated centralized approach set within an
Australian healthcare system [6°]. The centralized approach
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follows the cascade testing recommendations outlined in the
model of care document from a consensus group established
by the FH Australasia Network [7]. The Australian model
calls for formal identification of at-risk family members using
“pedigree drawing and information management systems”
and written information resources that can be distributed to
at-risk family members. Contact may be through the proband,
a clinical service, or both. However, contact by both the pro-
band and clinical service, “dual efforts,” are likely to be most
acceptable and successful in reaching at-risk family members.
Notification of at-risk relatives by clinical services is recom-
mended to occur with consent of the proband. For probands
who are reluctant to consent to sharing with relatives, efforts
should be made to build a relationship with the proband and
better understand the reasons for their reticence to share.
Provisions made in 1988 to the Australian Commonwealth
Privacy Act allow for contact of at-risk relatives without con-
sent in the case of genetic information which could address a
life-threatening condition in relatives. However, in this model
of FH care, providers are cautioned to contact relatives with-
out proband consent only as a last resort, as privacy legislation
differs among states and local regulations may not allow pro-
viders to contact relatives without proband consent. Bell et al.
reported that this centralized approach increased detection of
FH by 2-3 family members per proband [6¢]. The protocol
tested identified probands seen in a specialty clinic, followed
by outreach by a trained nurse to first-degree relatives, then
second-degree and third-degree relatives. After seeking writ-
ten consent from the proband for notifying relatives of their
risk, a letter and an information sheet were sent directly to
family members and/or delivered through the proband. If no
response was obtained, clinic staff contacted relatives by tele-
phone. In the first 100 consecutive patients in the FH program,
1267 at-risk relatives were identified, 366 were tested, and
188 were found to have the FH variant. A median of 4 family
members were tested per proband and 2 new FH cases per
proband were detected. Of 84 kindreds in which 3 or more
family members were tested, a median of 3 new cases per
proband were detected.

A recent qualitative study assessed healthcare providers’
and patients’ opinions on family letters that were intended to
inform relatives about their risk to have an inherited cancer or
cardiac condition [8]. In general, healthcare providers reported
that family letters fulfilled their responsibility to inform at-risk
relatives and were an easy method of communication for the
proband. However, healthcare providers had difficulty decid-
ing on an appropriate tone for the letters. A letter that was too
vague might not motivate at-risk relatives to pursue cascade
testing, yet a strongly worded letter might be too directive,
anxiety-provoking, or beyond an acceptable reading level.
Healthcare providers also discussed the possibility that pa-
tients might not distribute family letters appropriately, thereby
mistakenly encouraging cascade testing in relatives who are
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not at risk or who are obligate carriers. From the patient per-
spective, many reported feeling burdened with the obligation
to inform relatives about their risks in addition to the emotion-
al impact of learning their own genetic diagnosis. Based on
their results, the authors suggest that healthcare providers re-
view the logistics of the family communication process with
their patients and specifically identify which relatives should
receive family letters and the reasoning behind this. The au-
thors also concluded that direct contact of relatives could be an
alternative or additional resource to family letters due to the
stress reported by patient participants around delivering these
letters.

Barriers to Cascade Testing
Communication Barriers

The process of communicating positive genetic testing results
and their implications to relatives can be complex, depending
on the inheritance, disease risks, and severity of a condition, as
well as family dynamics. In the setting of FH, for example, a
commonly cited barrier to cascade testing uptake is that pro-
bands may not feel prepared with enough information to talk
about genetic testing or other recommended screenings with
their relatives [9]. Regarding cascade carrier testing for family
members of individuals with cystic fibrosis, McClaren et al.
report that lack of information on the availability of cascade
testing translates to many relatives simply being unaware of
their genetic risk to be a carrier, or affected, and the options for
cascade testing [10].

In an effort to better understand the issues influencing cas-
cade testing uptake in familial long QT syndrome, researchers
in Australia surveyed patients enrolled in Heart Disease
Clinics to assess psychosocial wellbeing, socioeconomic sta-
tus, and family communication [11¢]. All reported communi-
cating with at least one first-degree relative, 73% with at least
one second-degree, and 60% with at least one third-degree
relative. However, by 4 years after the proband received a
positive genetic testing result, only about half of all first-
degree relatives completed cascade testing. Probands reported
using multiple modes of communication with at-risk family
members, including in-person, phone, and letter. Reasons pro-
bands reported sharing genetic information included a sense
of obligation that the information would be useful to family
members, family members need to know their risk, and that
they wanted to encourage family members to get tested.
Factors that aided probands in communicating included hav-
ing a good understanding of the results and having a good
relationship with family members. This study also found the
effectiveness of family communication was influenced by the
proband’s psychological adaptation (i.e., depressive symp-
toms or anxiety) to a positive genetic testing result. In

addition, the study pointed to potential access inequities for
those with lower socioeconomic status and low educational
attainment. The authors call for greater education and im-
proved practice guidelines for healthcare providers to promote
referral to genetics services due to the gap between reported
family communication and actual uptake of cascade testing.
They suggest that greater emphasis on discussion with genetic
counselors might facilitate more directive approaches to fam-
ily communication or referral options to clinical
psychologists.

Geographic Barriers

The previous study discussed the likely gap in access to ge-
netic testing services for individuals of lower socioeconomic
status and education. This may relate to the geographical area
where the patient lives. Many genetic counseling services are
part of large urban medical centers or university hospitals [12].
Far distances and travel time may also limit the likelihood of
completing cascade testing. The lack of easy access to genetic
specialists has been noted to cause frustration within families
[13]. This access issue can be addressed with technology via
telephone and telemedicine counseling for individual or group
counseling sessions. Existing evidence suggests that genetic
counseling provided via telephone and telemedicine may be as
effective as face-to-face genetic counseling [14-16].

Policy Barriers

Systemic barriers to cascade testing include little recognition
by many healthcare providers of the need for accurate hered-
itary risk assessment, lack of genetics expertise especially in
underserved regions, low levels of reimbursement for compre-
hensive genetic counseling that includes cascade counseling
and testing, and the health system focus on care of the indi-
vidual (versus the family) in guidelines and coverage policies
[17]. Based on current service delivery models and reimburse-
ment protocols, there is little financial incentive for genetic
counseling programs to provide services that include compre-
hensive and active cascade screening programs, as direct out-
reach to at-risk relatives will not be reimbursed. Few genetic
specialists find themselves with the time, support, and re-
sources to fully pursue cascade screening for all at-risk rela-
tives of their patients [11].

George et al. proposes that cascade testing could be incen-
tivized though policy changes that recognize the health value
of'identification of high-risk individuals [17]. The authors also
suggest the possibility of aligning with public health models
which offer reduced or no-cost testing for other public health
issues. Greater use of registries could also help relatives to
learn of their genetic risk and facilitate cascade testing.
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Patient Confidentiality

In 1996, the Health Insurance Portability and Accountability
Act (HIPAA) outlined limits to sharing a defined set of a
patient’s protected health information (PHI) to protect patient
privacy. However, the nature of cascade testing requires will-
ingness from a proband to share PHI (e.g., genetic testing
results, pedigree, personal and family risk information) with
relatives to ensure they are aware of their risk and that the most
appropriate testing is ordered. Cascade testing also requires
relatives’ willingness to act on the genetic information, thus
creating a tension between the “duty to warn” from the pro-
band’s perspective and the personal autonomy of relatives and
their “right not to know.” This makes communication of risk
and the availability of genetic testing to clarify that risk for at-
risk family members a delicate balance for both healthcare
professionals and patients, as HIPAA is typically interpreted
to partition health information about the proband from other
individuals, including family members, unless explicit con-
sent is provided. This protected patient right of privacy and
confidentiality can be counter to their at-risk relatives’ “right
to know” health information about risk for conditions in
which preventive action could be taken. Genetics profes-
sionals have developed methods to work within the confines
of HIPAA by preparing materials for their patients to share
with their at-risk family members. As previously noted in this
mini-review, this proband-mediated approach has had mixed
results, with under-ascertainment of at-risk relatives even in
the context of high-risk conditions, despite probands reporting
a sense of responsibility or duty to warn relatives about their
health risks [18]. Safarova and Kullo proposed a potential
option for sharing information among families by permitting
proxy access to family history information in the electronic
health record [19].

Direct Contact

It has been suggested previously that clinical genetics services
should consider a more active approach, or “direct contact” of
at-risk relatives, for cascade screening [3, 20¢]. A previous
literature review of cascade screening for FH concluded that
most studies support direct contact of relatives via letter,
mailed from the provider, and that provider-initiated commu-
nication more often results in relatives undergoing testing
when compared with other methods of communication [21].
It is important to note that in Australian studies of direct con-
tact, improvement in cascade testing uptake was dependent on
trained nurses who proactively contacted, consented, and
scheduled at-risk family members into clinics where subse-
quent counseling and cascade testing were accomplished [6¢].

Direct contact can be accomplished in accordance with
HIPAA when the proband provides consent for his or her
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relevant health information to be discussed with at-risk rela-
tives [19, 22]. Through direct contact, informational letters to
relatives can consist of a general notification of a positive
genetic testing result in the family and omit PHI such as the
proband’s name, specific condition, or genetic variant [23].
More specific information could then be shared once family
members connect with the proband’s healthcare team and
agree to learn more information.

Previous research has shown that when asked about cas-
cade screening for FH, 77% of respondents, who were indi-
viduals from the general public in Western Australia, indicated
a desire to be informed of their risk by the clinic involved in
the FH screening program [24]. This showed evidence of
community support for direct contact policies, where clinical
program staff contact relatives of probands to inform them of
their risk. To maximize support for such a program, consent
from probands to share their PHI may be required and is
preferable, as reported above [7, 24].

The question “how disturbing is it to be approached for a
cascade screening program for FH?”” has been investigated by
assessing the views and psychological impact of a family-
based screening program for FH [25]. In this program, per-
formed in the Netherlands, at-risk relatives were actively
approached and screened by the genetic service. Consent for
release of the name of the proband was obtained prior to ap-
proaching the at-risk relatives, who were invited to participate
in the screening program via mail. A week later, the relatives
were telephoned by a “Genetic Field Worker” to determine
whether they wished to participate. Of those approached, 2%
did not participate, because they were either not interested,
were already clinically diagnosed with FH, or were afraid of
insurance consequences. Overall, less than 5% were critical of
the approach. Twenty percent expressed feelings of social
pressure by agreeing with the statement “The circumstances
made me feel like I was more or less forced to participate in
the screening programme” while 89% agreed with the state-
ment [ felt free to choose whether I would participate or not.”
Effects on mood and quality of life effects were minimal to
absent [25].

Attitudes toward direct contact as an alternative to family-
mediated dissemination have also been explored in individ-
uals at risk for other inherited cardiac conditions, including
hypertrophic cardiomyopathy and long QT syndrome [26].
In this study, most relatives saw advantages in direct contact
from health professionals and supported it in principle, with
the consent of the affected relative. The advantage as a first-
line approach was also recognized, especially in the context
of strained family relationships where resentment and es-
trangement were cited as barriers to informing others. In ad-
dition, the “right to know” was specifically cited by at-risk
relatives, and some expressed the view that they would have
appreciated third party contactifthe alternative was to remain
in ignorance. In addition, participants felt that providing a
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point of contact and written information would be an essen-
tial part of a direct contact program since receiving a letter
informing you of your potential risk could be anxiety-pro-
voking. Direct contact was also felt to have the potential to
reinforce information previously provided to family mem-
bers from the proband, which may overcome the proband’s
feeling of not being taken seriously enough when communi-
cating this risk information to family members.

Direct contact may have additional support benefits for the
proband. First, it can alleviate the burden of notifying at-risk
relatives from the affected probands, who have reported feel-
ing that they have insufficient authority or control to persuade
family members to attend screening and welcome greater hos-
pital assistance for contact with their at-risk relatives [20e].
Second, it increases accuracy and efficiency of information
to relatives, as errors may occur in proband-mediated commu-
nication in families [27]. Furthermore, multiple studies have
shown that when direct contact was employed, significantly
higher numbers of at-risk relatives had their genetic status
clarified, compared to the numbers when risk notification
was proband-mediated [23, 28]. In a study focused on
HBOC families, a protocol directly informing relatives nearly
doubled the number of relatives tested and was also found to
be psychologically safe [28]. It is hypothesized this impact on
the uptake of testing in direct contact was due to increased
accuracy and efficiency of information communicated to at-
risk relatives.

Technology

Despite the acknowledgement of cascade testing as important
(and necessary) to the cost-effectiveness of genetic testing and
to realizing the promise of broad public health benefit [29],
uptake of cascade testing remains sub-optimal [3]. There have
been several calls to action for improving the reach into im-
mediate and extended families to expand utilization of cascade
testing, as detailed above. No matter the process for contacting
relatives, studies have suggested that technology could play a
crucial role in facilitating contact, communication, and educa-
tion throughout families. However, there is a dearth of existing
technological options and evidence about effectiveness of
using technology for this purpose. Therefore, opportunities
exist to develop and disseminate effective technological com-
munications to improve family communication and uptake of
cascade testing.

In a 2013 commentary, Jasperson called for improvement in
cascade testing for LS, specifically through the creation and en-
hancement of online interventions, and offered solutions based
on existing options available at the time [30]. One option
highlighted, KinTalk (http:/kintalk.org/), is an online social
networking site to improve family communication about LS,
and even allows family members to securely exchange test

results and other medical information. Per the commentary, at
least one advocacy group, Lynch Syndrome International, also
supported communication throughout families via Facebook and
Twitter platforms. Other research reviewed by Jasperson noted
that early studies of HBOC families found that probands were
interested in multiple resources to help with family
communication, from booklets and letters to educational
websites, as well as family sessions and support groups [30].

In 2014, Lynch and colleagues summarized the existing
literature on advances in technology for counseling probands
and communicating cancer risk through families [22]. They
noted opportunities for improvement, particularly in identify-
ing at-risk family members. This review pointed to the effec-
tiveness of technological alternatives to face-to-face genetic
counseling in reaching family members and overcoming geo-
graphic barriers. Telephone and videoconferencing were
shown to be viable alternatives; however, most studies suf-
fered from significant limitations in their comparators as well
as lack of sustainability in practice.

A barrier to use of technology, however, could be due to
perceived lack of utility by genetic counselors rather than
probands and family members. A pilot study in the
Netherlands of 51 home-based videoconferencing pre-test
counseling sessions for cascade testing and other indications
found comparable levels of patient satisfaction, anxiety, and
perceived personal control between the online and face-to-
face sessions [31]. The researchers in this study also examined
this technology (a videoconferencing platform called
mycoachconnect.com) from the genetic counselors’
perspective. Despite an 8% estimated reduction in counselor
time and a 10—12% lower cost, counselor satisfaction with the
online tool was lower after the pilot—mostly due to technical
difficulties with the platform [31]. Genetic counselors also
cited disadvantages over in-person sessions of limited non-
verbal communication cues.

Per a commentary by Sturm, tools to improve cascade screen-
ing should “provide education, offer support, and provide attain-
able next steps” to help probands and family members under-
stand risk and take action [3]. While different types of techno-
logical solutions offer great opportunity and potential to address
these points, there is still limited data on the effectiveness and
acceptability of the use of technology to facilitate family com-
munication and cascade testing. However, different technologies
could enhance cascade testing by facilitating the development
and provision of educational materials, videos, and other online
content for easy distribution to at-risk relatives by probands and/
or providers. Non-specific web-based content focused on the
general importance of cascade testing could also be easily
accessed by family members. Therefore, this is an opportune
time to develop and test affordable and sustainable technological
solutions with potential for broad dissemination to positively
impact communication of genetic testing results to at-risk rela-
tives and subsequent uptake of cascade testing services.
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The Role of Healthcare Providers
in Facilitating Cascade Testing

Healthcare providers can facilitate cascade testing by asserting
the importance of the genetic testing result to at-risk family mem-
bers when discussing results with a proband. For example,
healthcare providers can state, ““You were born with this genetic
risk variant, and your children, siblings, and parents could have
this risk, too. It is important for them to have this information so
they can pursue genetic testing and take steps to reduce their risks
now.” Such statements can reinforce to the proband that genetic
information has implications for the whole family. Professional
groups such as the National Lipid Association [32] and the
American College of Obstetricians and Gynecologists (ACOG)
advocate cascade testing [33]. Specifically, ACOG recommends
that obstetrician-gynecologists should be aware of who is eligible
for cascade testing and understand its value [33].

Given that a common barrier to cascade testing is a pro-
band’s sense of inauthority or a lack of accurate informa-
tion and knowledge about a genetic testing result, genetic
counselors can assist in the cascade testing process by fur-
ther educating probands, directing probands to additional
resources, and enhancing their communication skills to em-
power them to relay appropriate genetic risk information to
relatives [34]. Cascade testing conversations between
healthcare providers and the proband should be ongoing,
especially in families where there are young children—in
other words, it is not a one-time conversation, but one that
should be revisited over time by multiple healthcare pro-
viders. Genetic counselors can discuss with parents tech-
niques on how to share age-appropriate genetic information
with their children [35]. For adult-onset conditions, cascade
testing may not be appropriate for children and adolescents,
and not all individuals with positive genetic testing results
have regular follow-up with a genetics clinic. Therefore, it
is important that other healthcare providers, especially pri-
mary care providers and specialists who focus on these
hereditary conditions, continue the conversation so that
most, if not all, at-risk relatives are informed and provided
access to cascade testing. With the combined efforts of
healthcare professionals and their patients to encourage
family communication about genetic risk, cascade testing
can become universally available to enable family mem-
bers to realize the health benefits of early diagnosis and
risk-reducing measures.

Conclusions

The time is now to address the cascade testing barriers noted
in this mini-review via further research into the development,
testing, and dissemination of technology-based tools for fam-
ily communication of genetic testing results. It is also critical
to conduct research into direct contact methods with greater
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involvement from the healthcare professional to assist the pro-
band in communication.
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