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Abstract

Cascade screening is the process of contacting relatives of people who have been diagnosed
with certain hereditary conditions. Its purpose is to identify, inform, and manage those who are
also at risk. We conducted a scoping review to obtain a broad overview of cascade screening
interventions, facilitators and barriers to their use, relevant policy considerations, and future
research needs. We searched for relevant peer-reviewed literature in the period 1990-2017 and
reviewed 122 studies. Finally, we described 45 statutes and regulations related to the use and
release of genetic information across the fifty states. We sought standardized best practices for
optimizing cascade screening across various geographic and policy contexts, but we found none.
Studies in which trained providers contacted relatives directly, rather than through probands (index
patients), showed greater cascade screening uptake; however, policies in some states might limit
this approach. Major barriers to cascade screening delivery include suboptimal communication
between the proband and family and geographic barriers to obtaining genetic services. Few US
studies examined interventions for cascade screening or used rigorous study designs such as
randomized controlled trials. Moving forward, there remains an urgent need to conduct rigorous
intervention studies on cascade screening in diverse US populations, while accounting for state
policy considerations.

For precision medicine strategies to improve population health, targeted approaches must

be considered, not only for disease treatment, but also for early diagnosis and prevention.!
Thus, an important component of precision medicine is the identification of people through
genetic testing who are at high risk of disease because of pathogenic germline mutations.
Once such people are identified, providers and patients can effectively manage high disease
risk to reduce long-term morbidity and mortality.2~* Following the diagnosis of certain
genetic disorders, it is important to consider disseminating this information to blood
relatives who also have an increased risk for the condition. This process is known as cascade
screening.
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While the term cascade screening is relatively new, the process has been standard practice
since the inception of the clinical genetics field. Generally used for autosomal dominant
conditions, the process involves offering genetic counseling and testing to at-risk relatives
of an index patient (known as a proband) in a sequential manner based on the likelihood
that they will test positive. Particular attention has been given to cascade testing for

three conditions designated as tier 1 conditions by the Centers for Disease Control and
Prevention: familial hypercholesterolemia, hereditary breast or ovarian cancer, and Lynch
syndrome (a hereditary cancer disorder that puts people at heightened risk for colorectal
and other cancers). There are guidelines for identifying probands with these conditions and
for initiating cascade testing to ensure that at-risk adult relatives receive genetic counseling
and testing so they can follow evidence-based management guidelines—which are known
to reduce the burden of disease and are cost-effective. In the case of Lynch syndrome,
following evidence-based guidelines reduces colorectal cancer rates by at least 56—62
percent and overall mortality by approximately 65 percent.®> Furthermore, testing twelve
relatives per index case compared to six relatives improves the cost-effectiveness of genetic
testing by decreasing the incremental cost-effectiveness ratio from $30,331 to $12,332 per
life-year saved.®

While guidelines and professional organizations call for the implementation of cascade
screening for certain clinically actionable genetic conditions, it remains unclear how genetic
findings can be most effectively disseminated to relatives while respecting both federal and
state privacy laws related to the disclosure of genetic information’ as well as the complex
nature of families. The need to identify, develop, and implement best practices for cascade
screening has recently been highlighted by the Cancer Moonshot Blue Ribbon Panel 8 the
National Cancer Institute,® and the Genomics and Population Health Action Collaborative.10

Scoping reviews are a useful method for investigating the current cascade screening
literature. They are intended to provide a high-level overview of an area of interest, using
qualitative and descriptive means rather than a quantitative synthesis of study outcomes.
With a broad area such as cascade screening, involving different disorders and approaches,
insights gained from a scoping review are valuable in identifying promising areas for more-
focused investigations. In this review our objective was to examine barriers, facilitators,
cost-effectiveness, implementation issues, registries, and policy interventions related to
cascade screening in the peer-reviewed literature. We also identified state-level policies
related to dissemination of genetic findings that could potentially limit the use of cascade
screening approaches. This scoping review describes the literature on cascade screening,
related state policies, and areas for future research.

Study Data And Methods

We performed a scoping review of the current US and non-US literature on cascade
screening for genetic disorders. We searched Medline, Embase, Global Health, Psycinfo,
CINAHL, and Scopus databases for literature published in the period 1990-2017 on five
related subtopics: barriers or facilitators, cost-effectiveness, implementation, national health
systems or registries, and policy interventions. Multiple coders reviewed and abstracted
articles, and 20 percent of included articles were independently coded by two authors
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(double-coded) to ensure coding consistency. When inconsistencies were identified, a third
author adjudicated the discrepancy (coding agreement: 86.4 percent).

In a separate search, we identified laws in the fifty states and the District of Columbia
regulating the collection, use, and release of genetic information that could affect
implementation of cascade screening.1:12 A survey of genetic privacy laws across all fifty
states by Scott Smith and colleagues!? formed the basis for our work. We found that
seventy-seven of the laws described in their survey had been amended between January

1, 2011, and October 26, 2017.We qualitatively described forty-five laws pertaining to
disclosure of protected genetic health information. Additional details on our methods, along
with specific search strategies for each database, are in online appendix exhibits 1-5.13

Our study had several limitations. First, although we searched multiple databases and
leveraged broad search criteria, it is possible that relevant studies were not identified or
were misclassified during the inclusion process. Second, while 20 percent of the articles
were double-coded, it is possible that some misclassification of codes occurred. Third,
cascade screening is contingent on the adequate identification of probands, but that was

not investigated in this review as such studies were outside its purview. Fourth, the policy
search was not intended to be a comprehensive and systematic assessment of all state laws
that affect genetic information privacy. The survey by Smith and colleagues,'2 on which we
based our search, was checked for updates. As examples, we independently reviewed laws in
Pennsylvania, Ohio, and Oregon laws, but no attempts were made to find new laws passed
in the period 2011-17 for the remaining forty-seven states and the District of Columbia.
Pennsylvania, Ohio, and Oregon have different laws and demonstrate the variation in state
laws that regulate the collection, use, and release of genetic information. Other laws may
exist that restrict the disclosure of genetic information.

Study Results

We included 122 articles in our study and abstracted them. (For more information about
the included studies, see appendix exhibits 3, 6, and 7.)13 The included studies pertained

to twenty-five different genetic disorders, of which the most common were familial
hypercholesterolemia, in 35 studies (28.7 percent); hereditary breast and ovarian cancer,

in 16 studies (13.1 percent); and Lynch syndrome, in 14 studies (11.5 percent). The number
of publications on cascade screening increased between 1990 and 2004, and it held steady
through 2014 (exhibit 1). Below, we organize our study findings by key questions.

WHAT INTERVENTIONS HAVE BEEN TESTED AND FOUND TO BE EFFECTIVE?

DELIVERY OF CASCADE SCREENING: Several studies examined who should be
involved in the delivery of cascade screening. Among these studies, two UK studies used a
genetic registry—based approach for cascade screening. These registries were maintained by
two university hospitals'# and the North West Regional Genetic Family Register service;1°
both studies reported grant funding through National Health Services. With the registry-
based approach, registry providers (that is, a trained nurse or genetic counselor)14.15
identified and contacted relatives with the proband’s consent. Relatives’ primary care
providers were also contacted to facilitate disclosure to relatives. This approach was
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acceptable to probands with X-linked genetic disorders and chromosome translocations!®
and was effective in identifying new cases of familial hypercholesterolemia.l4 Ninety-nine
percent of probands (259 of 262) agreed to participate, and 81 percent (230 of 285) of
first-degree relatives contacted either were tested or were already known to be affected.14 In
a separate study, including a genetics specialist on the care team increased genetic testing

in family members from 0.13 to 1.05 relatives tested per proband in a low-resource South
African setting.16

In contrast to these findings, two studies in which the proband was responsible for
contacting relatives showed low genetic testing uptake for familial hypercholesterolemia
(23 percent, or 52 of 225)17 and low transfer of information from probands to relatives
about the presence of BRCA1/2mutations in the family (54 percent of the relatives were
aware of the BRCA1/2 mutation in their family).18 In both of these studies, the authors
recommended that clinical staff members contact relatives directly with probands’ consent.
Furthermore, three-quarters of probands in one study felt that it was appropriate for clinical
staff members to contact relatives about testing.1®> Considering what type of provider should
lead cascade screening, a study in England found that a cascade screening program for
familial hypercholesterolemia led by a primary care provider (that is, primary care was
responsible for the entire adult care pathway) was less costly than a specialist-led model or
a dual model in which primary care providers could refer patients to lipidologists, but may
provide insufficient patient support.19

BUILDING COMMUNICATION SKILLS: Looking to improve proband-initiated cascade
screening,20 several studies focused on building probands’ communication skills through

the use of written materials, education, and telephone counseling. However, this approach
was not associated with increased family communication or genetic screening among
relatives,29-21 except in cases where the genetic condition conferred high risk to offspring.21
Taken together, these studies suggest that there are remaining challenges to proband-initiated
cascade screening and suggest the potential value of including a provider-based approach to
cascade screening.

In addition to examining family communication, several studies considered the optimal
media for imparting information. For example, one study found that 40 percent of relatives
who received family outreach through a mailed letter underwent genetic testing, compared
to only 23 percent in the control group, whose members did not receive letters.22 Of note,
no relatives voiced concerns about privacy related to receiving the mailed letters.22 Another
study found that in-person counseling was preferred to online counseling, but testing uptake
among the two counseling approaches was similar. Genetic counselors reported advantages
to online counseling, including saving an estimated 7.6 percent time savings and 10.2
percent cost savings. However, they stated that clearer webcam images, better sound quality,
and other technical improvements would be needed to improve their satisfaction with online
delivery of genetic counseling.23

COST-EFFECTIVENESS: Simulation modeling studies and cost analyses examined the
cost-effectiveness of and costs related to different cascade screening strategies. Eleven
studies found that genetic testing of relatives was cost-effective, compared with standard
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clinical screening. For example, genetic testing was found to be more cost-effective than
serum iron studies in identifying people at increased risk for hereditary hemochromatosis.4
While four studies found that, compared to active cascade screening, population-based
genetic screening was more efficacious (that is, it identified more carriers), it was less
efficient (that is, more people were genotyped per detected mutation) and more costly

(as in the case of familial hypercholesterolemia).2> Furthermore, studies reported that

the effectiveness of genetic testing increased as more relatives were identified.526 In

some cases, cost-effectiveness depended on the condition?” or the cost of treating the
condition.?8 For example, cascade screening for autosomal recessive disorders identified
only a small percentage of affected people unlike autosomal dominant disorders such as
Lynch syndrome.2® Overall, all but five of the thirty-eight studies that examined costs found
that the costs of cascade screening were acceptable—according to the authors’ definitions,
which varied across studies.

WHAT ARE THE BARRIERS TO AND FACILITATORS OF CASCADE SCREENING?

The most commonly cited barriers to cascade screening were low understanding or
knowledge related to cascade screening among probands or relatives (cited in six studies),
limited communication skills among probands (five), low knowledge of or interest

in cascade screening among primary care providers (four), costs or limited insurance
coverage of genetic testing (three), depression or anxiety in probands or relatives (three),
and geographic barriers to receiving genetic services (three). Studies also found less
communication and cascade screening uptake among male than among female relatives

and among more distant than among first-degree relatives. Parents’ desire for information to
better understand their children’s risk was the most commonly cited facilitator of pursuing
screening (cited in four studies).

WHAT ARE THE CONSIDERATIONS WHEN ALIGNING INTERVENTIONS WITH PRIVACY

POLICY?

A 2011 report presents state-level laws that govern genetic testing or the use and release of
genetic data by key stakeholders.12 Some states may have more laws pertaining to genetic
testing and data sharing than others. (For genetic disclosure laws by state, see appendix
exhibit 8.)13 For example, the 2011 report did not find any Pennsylvania laws governing
genetic testing or the use and release of genetic data. Our subsequent review of Pennsylvania
laws concluded that the state has no specific genetic privacy laws, nor does it have a general
health care privacy law.

In contrast, states such as Ohio,3% Connecticut,3! and Kentucky32 have specific disclosure
restrictions for health insurers. These restrictions ensure that insurers are barred from using
genetic health information in processing applications for health care coverage. Oregon has a
broad genetic privacy law that applies to everyone and restricts the ways in which protected
genetic health information can be obtained and disclosed.33 The law requires that all people
and entities (for example, health care providers and insurers) obtain patients’ consent

(as defined by a second law)3# before obtaining protected genetic health information.
Furthermore, the second law3* prohibits any person from disclosing the identity of someone
for whom a genetic test was performed. Exceptions exist for medical repositories or
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registries and research, if the information is deidentified (as defined by another law).3°
Twenty states in addition to Oregon that were included in the 2011 report!2 currently have
laws that require patient consent, and many more states have other protections for personal
genetic health information. Laws vary and have implications for cascade screening by state.

WHAT TOPICS NEED ADDITIONAL RESEARCH?

Several gaps in the current literature suggest areas for additional research. Seventy-four
percent of the studies in our review did not include information on participants’ race

or ethnicity. Among the twenty-two studies that did so, seventeen (77 percent) included
primarily non-Hispanic white populations. No studies focused specifically on black, Asian
American, or Hispanic study populations, and only one aforementioned study in South
Africa focused on cascade screening in a limited-resource public health facility.16 Among
the thirty-three studies that reported the composition of their sample by sex, all but three had
primarily female study populations. There remains a clear need to increase the diversity of
research populations to improve the generalizability of study findings.

Future research should incorporate implementation outcomes to increase understanding of
how to effectively implement cascade screening strategies in clinical and public health
settings. Fifty-one (41.8 percent) studies reported health outcomes such as genetic test
results. However, collecting additional outcomes (for example, how well the interventions
are implemented and whether the strategies are sustainable) will be important if cascade
screening strategies are to be effectively implemented in clinical and public health settings.

Study design and context are also important factors to consider. We found that the
randomized controlled trial—the most rigorous study design—was the least used (in

only two studies). (For more information about the designs of the included studies, see
appendix exhibit 6.)13 Moving forward, there remains a need to incorporate more rigorous
designs to test the implementation of different cascade screening strategies, to determine
which approach will be most effective. In addition to study design, location of study has
implications for relevance in a US policy context. Eighty-five (69.7 percent) of our studies
on cascade screening were conducted outside the US, and thus their results might not be
generalizable to the US. Location matters at the state level, too: Given the variation that
exists in state laws, state-specific intervention studies may be needed.

Discussion

This review and complementary policy search provides insights into the current knowledge
base about and implications for cascade screening delivery in the US.

LITERATURE REVIEW IMPLICATIONS

The current literature suggests that cascade screening programs may be a cost-effective
way to identify people with certain hereditary disorders within certain health care settings.
However, many current screening programs have suboptimal cascade screening uptake
among relatives (that is, relatives are not notified, counseled, or tested), which reduces
these programs’ effectiveness. In particular, proband-initiated discussions about cascade
screening with relatives was generally not an effective way to increase genetic testing rates
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in relatives, although this is the most commonly used method in genetics practice today.17:18
A lack of communication about genetic information and poor communication between the
proband and relatives about cascade screening may contribute to low genetic counseling

and testing uptake by family members.18 Direct contact between trained providers and
at-risk relatives could help overcome barriers related to patient communication with
relatives.17:18:22 This could be particularly helpful among more distant (second- or third-
degree)18:36-38 or male18.20.36,39.40 relatives who are eligible for testing but have lower
uptake. While provider-initiated cascade screening with proband consent appears to be the
most effective approach, busy providers and their staff members could find it challenging

to contact all at-risk relatives. Public health approaches (such as mandatory reporting of
clinically actionable genetic diseases, bidirectional reporting between registries and medical
facilities, and centralized cascade screening conducted by state departments of health) could
help facilitate providers’ contacting at-risk relatives. Furthermore, studies to determine why
provider contact is more effective than proband contact may provide insights useful for
designing future interventions.

Attempts to address communication and knowledge gaps among key stakeholders—
including probands, their relatives, and providers—remain important, since knowledge about
and awareness of cascade screening is associated with disclosure of genetic results to
relatives, screening uptake by relatives,! and providers’ recommendations of testing.42

In addition to communication barriers, geographic barriers*2-44 can reduce access to genetic
services. Online genetic counseling for cascade screening can help overcome barriers

posed by geographic location. Such counseling was found to save costs and time in one
study.22 Other counseling methods that are not dependent on geography—such as remote
conferencing using telephone®® and video*®—also have been used with probands.

POLICY SEARCH IMPLICATIONS

While studies indicated that patients may accept cascade screening-related clinical services
and active outreach offered to family members, state statutes and regulations as well as
federal laws such as the Health Insurance Portability and Accountability Act (HIPAA) of
1996 must be considered before such approaches are tested or adopted within a given state.

To comply with HIPAA, covered entities (health care providers, insurers, and health care
clearinghouses) must establish the appropriate safeguards. However, HIPAA allows covered
entities to disclose protected health information without patient consent to a public health
authority to prevent or control disease, injury, or disability as long as that body is legally
authorized to receive such reports. Similarly, in the context of genetic disorders,*” HIPAA
may allow a public health authority to conduct surveillance, investigations, and interventions
(screenings) using protected genetic health information disclosed by a health care provider
if the authority is able to request such information about a particular genetic disorder.”48
However, general state disease-control laws must be considered, because they might not
authorize health departments to conduct cascade screening.

In addition, some state laws go beyond the protections HIPAA establishes and may allow
or further restrict the disclosure of personal genetic health information. Because state laws
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governing the protection of personal genetic health information vary, the need different
state-level approaches to developing cascade screening programs will continue.

RESEARCH GAPS IN THE LITERATURE

Most of the cascade screening studies we examined were conducted outside of the US,
particularly in the Netherlands and the UK. Because the US has distinct national and state
policies related to genetic testing and health privacy, additional research that accounts for the
US policy and health care context is needed. In addition to variation in policies, variation in
costs over time should be considered. Our review included cost analyses that were conducted
in the period 1996-2017 both inside and outside the US. The cost-effectiveness of cascade
screening strategies should be reevaluated periodically to take into account the decreasing
costs of genetic testing and treatment (for example, as generic drugs for disease treatment
become available).

Another research gap concerns the diversity of populations studied. Similar to a recent
review of translational genomic research,*® our study found very low reporting of the racial
and ethnic composition of study populations. Thus, we have little information about the
associations between race and ethnicity and cascade screening. When race and ethnicity
are known, studies have documented disparities in the use of genetic testing along racial
and ethnic lines, including greater barriers for testing such as low knowledge about testing,
concerns about genetic testing misuse, suboptimal insurance coverage, and high levels of
medical mistrust.?9 To ensure that cascade screening does not worsen such disparities,
researchers might consider including diverse study populations, measuring equity, and
reporting the racial/ethnic composition of their study populations.

Although the studies we examined addressed a variety of outcomes (such as clinical, cost,
and patient preference), we found only limited measuring of implementation outcomes.®!
Future research collecting information on such outcomes could provide additional data to
inform the translation of cascade screening strategies into unique clinical and public health
contexts and their adaptation for those contexts.>2 While health systems are well positioned
to drive cascade screening, collaborations with public health settings that leverage state or
national registries might help coordinate the translation of cascade screening to populations.
For example, the use of collaboratives such as the Lynch Syndrome Screening Network>3
could increase the implementation of cascade screening.

Finally, few of the studies in our review included a comparator group or used randomized
controlled methods. Moving forward, studies that more rigorously test the efficacy and
implementation of cascade screening programs and related interventions could be useful for
identifying the most effective delivery strategies.

Conclusion

This scoping review did not find standardized processes to optimize cascade screening
across geographical regions and policy contexts. We did identify gaps in the current
literature, as well as modifiable barriers related to the delivery of cascade screening.
More specifically, strategies that address geographic barriers to receipt of genetic services
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and communication barriers between probands and relatives may be useful for improving
cascade screening uptake. There remains an urgent need to conduct rigorous intervention
research to identify effective strategies for cascade screening in the US, accounting for
variation in state-level policies related to the screening. This work will be important

for moving the field of precision medicine forward by identifying high-risk people and
connecting them to genetic services to improve their health outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Exhibit 1. Number s of cascade screening studiesincluded in the analysis, by publication date
since 1990

SOURCE Authors’ analysis. NOTES The latest five-year period (2015-19) has not yet
ended, so the data for that period are incomplete. The bar shows data for January 1, 2015-
August 1, 2017.

Health Aff (Millwood). Author manuscript; available in PMC 2024 April 17.



	Abstract
	Study Data And Methods
	Study Results
	WHAT INTERVENTIONS HAVE BEEN TESTED AND FOUND TO BE EFFECTIVE?
	DELIVERY OF CASCADE SCREENING:
	BUILDING COMMUNICATION SKILLS:
	COST-EFFECTIVENESS:

	WHAT ARE THE BARRIERS TO AND FACILITATORS OF CASCADE SCREENING?
	WHAT ARE THE CONSIDERATIONS WHEN ALIGNING INTERVENTIONS WITH PRIVACY POLICY?
	WHAT TOPICS NEED ADDITIONAL RESEARCH?

	Discussion
	LITERATURE REVIEW IMPLICATIONS
	POLICY SEARCH IMPLICATIONS
	RESEARCH GAPS IN THE LITERATURE

	Conclusion
	References
	Exhibit 1

