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Abstract This paper summarizes the current controver-
sies surrounding the identification and disclosure of “inci-
dental” or “secondary” findings from genomic sequencing
and the implications for genetic counseling practice. The
rapid expansion of clinical sequencing has influenced the
ascertainment and return of incidental findings, while
empiric data to inform best practices are still being gener-
ated. Using the North Carolina Clinical Genomic Evalua-
tion by Next Generation Exome Sequencing (NCGENES)
research project as an example, we discuss the implications
of different models of consent and their impact on patient
decisions.
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Introduction
The question of how to manage the broad range of genomic

findings has emerged as one of the more contentious issues
in the clinical application of genomic sequencing. In
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particular, there are concerns surrounding the inevitable
generation of what could be considered “incidental find-
ings,” frequently defined as a counterpoint to the primarily
sought after diagnostic results and collectively described as
the “incidentalome” [1°°].

Historically used to classify research findings that arise
during diagnostic testing [2], and routinely used in medical
practice to describe additional findings unrelated to the
indication for a particular evaluation, the colloquial
meaning of “incidental” can imply something of lesser
importance. This value judgment applies to some, but not
all, incidental findings and alternative descriptors [3] have
been suggested; each has its own promoters and detractors.
Following its use by the Presidential Commission on
Bioethical Issues, the term “secondary” is now preferred
when such findings, unrelated to the diagnostic indication,
are deliberately sought [4ee].

Classifying secondary results in genetic testing is hardly
new, and decisions to disclose their serendipitous discovery
using genome-wide testing such as karyotype and
microarray have been widely reported [5, 6]. The topic of
secondary findings discovered via genomic sequencing has
attracted responses from multiple disciplines including
social scientists, clinicians, researchers, and bioethicists
[7e, 8-12]. Paradoxically, while these variants are ubiqui-
tous in the genome, their presence must be actively sought
from among the vast number of other genomic variants in
order to be identifiable and reportable.

In 2012, an American College of Medical Genetics and
Genomic (ACMG) Working Group on Incidental Findings
was assembled due to concerns of the ACMG that rapid
expansion of clinical genome-scale sequencing could lead
to heterogeneity in practices regarding incidental findings,
and the perceived need to establish preliminary guidance
for clinical laboratories. In 2013, the Working Group
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published the recommendation that laboratories should
routinely analyze and report pathogenic variants from a
specific set of genes when clinical diagnostic sequencing
was ordered [13¢]. They cautioned that patients should be
forewarned that sequencing could reveal such findings but,
once testing was ordered, the laboratory should analyze a
small set of genes and report findings deemed to be
“medically actionable” regardless of the proband’s phe-
notype or age.

Extrapolating on attempts to classify genetic tests by
parameters such as clinical validity and clinical utility
(http://www.cdc.gov/genomics/gtesting/ ACCE/index.htm),
the Working Group identified a list of 57 genes (later
revised to 56) associated with conditions that were con-
sidered to reach a high bar of medical actionability.
Allowing for differences in the population being sequenced
and laboratories’ thresholds for asserting pathogenicity, the
likelihood that a pathogenic variant will be found resulting
in the disclosure of a medically actionable incidental
finding has been estimated to be between 1 and 3 % in both
research [14, 15¢] and clinical studies [16]. These estimates
have corresponded to predicted frequencies based on
modeling [17]. It was anticipated that the minimal list

would provide a focus for further discussions and would be
modified in future renditions (Table 1).

Reaction to the ACMG Recommendations
on Incidental Findings

The attempt to define the characteristics of conditions that
would be sufficient to trigger professional obligations to
identify and report secondary findings led to heated dis-
cussions of the ethical quandaries that ensue regarding their
handling [18, 19]. The attempt to define categories of
information within the vast scope of potential genomic
findings has allowed genetic professionals to, more or less,
coalesce around the general parameters and the idea of
listing a minimal core group of genes, albeit without
agreement on the particular genes on that list.

Many of the problematic aspects of the recommenda-
tions were acknowledged by the ACMG Working Group
[13<] but sparked a number of critical commentaries nev-
ertheless. Questions were raised as to whether or not the
search for these variants was best viewed as being part of a
professional’s obligations [20, 21] or if there were legal
ramifications [22]. Other concerns included the potential

Table 1 Conditions for which genes and variants are recommended for return of incidental findings in clinical sequencing as proposed by the

ACMG

Hereditary breast and ovarian cancer
Li-Fraumeni syndrome
Peutz—Jeghers syndrome

Lynch syndrome

Familial adenomatous polyposis
MYH-associated polyposis

Von Hippel-Lindau syndrome
Multiple endocrine neoplasia type 1
Multiple endocrine neoplasia type 2
Familial medullary thyroid cancer
PTEN hamartoma tumor syndrome
Retinoblastoma

Hereditary paraganglioma—pheochromocytoma syndrome
Tuberous sclerosis complex
WT1-related Wilms tumor
Neurofibromatosis type 2

Ehlers—-Danlos syndrome, vascular type

Marfan syndrome, Loeys—Dietz syndromes, and familial thoracic aortic aneurysms and dissections

Hypertrophic cardiomyopathy, dilated cardiomyopathy (including Fabry disease)

Catecholaminergic polymorphic ventricular tachycardia
Arrhythmogenic right-ventricular cardiomyopathy

Romano-Ward long QT syndrome types 1, 2, and 3, Brugada syndrome

Familial hypercholesterolemia
Malignant hyperthermia susceptibility
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extra work needed for variant interpretation and confir-
mation, and whether this effort would be compensated
[23], the uncertain accuracy of genotypic predictions in
populations in which familial segregation of the phenotype
was absent [24], the technological gaps in sequence cov-
erage [25], the potential harms of false positives to unwary
patients and their relatives due to errors in the medical
literature [26], and the apparent contradiction with the
historical recommendations against testing asymptomatic
children for adult-onset conditions [27¢].

It also became apparent that the initial recommendations
did not acknowledge the need for patients to have the
opportunity to “opt out” of receiving such information, a
position that is largely supported by genetics professionals
[28]. A clarification of the 2013 recommendations pub-
lished by the ACMG Board of Directors [29] addressed this
concern by acknowledging the patient’s right “not to
know” [30] and supported the ability of patients to opt out
of categories of results.

Provider Responsibilities, Informed Consent,
and Patient Decisions

In addressing the difficult issues of how to account for
individual contexts, the ACMG recommendations placed
the responsibility as to how, when, and, if results should be
communicated on a medical professional’s judgment [31].
A group of clinical laboratorians chose to emphasize the
patient as the locus of decision making [32]; a stance
echoed in research settings where participants are asked to
pick and choose among the spectrum of potential genomic
results. The choice and, therefore, the responsibility, to
decide which results to learn and which results not to learn,
are emblematic of a stronger focus on patient-centered
decision making that is also affecting other areas of med-
ical care. That being said, enabling a patient to make an
informed decision remains the responsibility of the clinical
provider, a role that has not changed with the expansion of
testing from single gene tests to whole-genome sequencing.

If patients and participants are expected to routinely be
asked to decide which secondary findings they want
returned and which they do not, what preparation do they
need to enable them to make informed decisions? A
reflexive response to learn “everything” does not neces-
sarily constitute an informed decision on the matter. The
ability to opt out of learning secondary findings entirely is
contingent on the recognition that the option exists and in
the confidence that declining is a reasonable course of
action. The decision to learn one potential finding but not
another requires a broader understanding of the scope and
magnitude of the universe of potential returnable results.
More importantly, the level of understanding needed to
decline to learn a potential result is even deeper [33¢]. As
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the menu of gene variants that could potentially be returned
grows, the depth of understanding needed for rational
decision making also grows due to factors such as pleio-
tropy; complications often ignored and probably underes-
timated [34]. How coarsely or finely should the options be
divided, and on which attributes can the spectrum of
findings be reasonably categorized? How can a rational yet
simple enough menu be devised, and communicated, to
present understandable categories of clinically valid
results, medically actionable or not? And, as variant clas-
sification evolves and new treatments become available,
genes will inevitably shift from one category to another,
further complicating future educational needs.

This patient-centric approach demands a robust
informed consent process prior to clinical sequencing. It
prompts questions of which information should be included
and how it should be tailored to promote patient under-
standing. In the early days of patient sequencing (circa
2010), authors raised concern over the vast amounts of
information they predicted would need to be communi-
cated in order to obtain informed consent [35]. The time
estimates to accomplish this supposedly Herculean task
topped out at several hours [36], although these estimates
were considered unrealistic [37] and, in practice, the
approach has become more streamlined [38]. Indeed, in
interviews with 29 genetic counselors and research coor-
dinators who obtain consent, they reported spending an
average of about 30 min by honing in on information rel-
evant to the return of results [39].

Recommendations of elements to be included on a
consent template have been made [40e, 41, 42] but con-
sensus has not yet been achieved (Table 2). The need for a

Table 2 Recommendations for informed consent for genomic
sequencing (adapted from Ayuso, et al.; and the ACMG policy
statement points to consider for informed consent for genome/exome
sequencing)

Testing characteristics
Scope
Description of techniques
Results
Spectrum of returnable vs. non- returnable results
Likelihood of each
How and to whom results will be communicated
Risks, benefits, limitations, and testing alternatives
Special cautions about use in children
Management and choices to opt out of secondary findings
Voluntary participation
Confidentiality and privacy protections
Sample management
De-identification, sharing, and opt-out procedures

Possibility of re-contact with new information
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standard consent document template is highlighted by
earlier studies of consent forms [43, 44]. To be fair, these
forms had been created before enough experience had been
gained to be able to achieve a consensus. Still, among sites
engaged in translational clinical sequencing exploratory
research, striking divergences and omissions were noted in
the descriptions of potential diagnostic and secondary
findings, the types of results to be returned or not, their
inclusion in the medical record, and the role of participant
preferences [45].

The broad scope of genomic sequencing creates com-
plex downstream implications depending on the types of
results returned. Incomplete appreciation of these impli-
cations, and increasingly heightened scrutiny of these
complexities, is a source of discrepancies between consent
forms. Even standard items on consent forms, such as the
expected risks and benefits, the protections for confiden-
tiality, and the future use of the data, can have nuanced
meanings. For example, although the voluntary withdrawal
from research studies is an obligatory element of consent, it
has been argued that this may be a disingenuous promise if
results are placed into the medical record where they
cannot be removed [46]. Despite the tendency to place
different types of information into specific categories,
segmentation of genetic information can also be problem-
atic [47].

Which consent elements are considered essential may
differ when applied to the potential for learning diagnostic,
as compared to learning secondary, results. In particular,
the assessment of the risks and benefits of learning diag-
nostic results by individuals searching for an explanation
for their health condition could be expected to differ from
the same person’s calculation when applied to learning a
medically actionable, secondary finding. Alternatively, the
decision to learn a medically actionable result may be seen
as a form of empowerment by one whose medical condi-
tion is stable, as compared to another whose condition is
progressive and degenerative; the latter may, instead, find
the news distressing and overwhelming. Research partici-
pants and clinical patients can also have distinctly different
expectations and thus reactions to information [48, 49].
Decisions about learning several kinds of secondary results
that span a very broad spectrum of clinical utility could be
expected to differ even more widely depending upon many
contextual factors.

Making Decisions About Secondary Findings is
Complex: Do People Really Want Everything?

Given the complexity of potential secondary findings that
could be identified through genome-scale sequencing, it
was surprising to learn, as several studies concluded, that
although genetic professionals found several extenuating

factors that influenced their definition of a returnable result,
non-professionals had apparently concluded that the obvi-
ous solution would be to just “ask for everything.”

Operating on the premise that to find out what people
want is simply to ask them, early studies asked many dif-
ferent stakeholders; from clinical [50, 51] and research
professionals [52], to those experienced with offering
genetic testing [53], to IRB chairs, and to members of the
public [54] and, in some cases, combinations of various
stakeholders [55]. Since empirical data had yet to be col-
lected about real decisions by people being asked to make
them, this information gap was filled by a proliferation of
studies that queried populations using hypothetical situa-
tions. Although severely limited in their widespread
applicability, data from these surveys and focus groups
raised conjectures about which kinds of attributes people
were seizing on to make decisions. At the same time,
beginning with the binning model developed by Berg et al.
[7+, 56], clinical research groups expanded and experi-
mented with different ways of categorizing secondary
results including what would qualify as returnable and by
what mechanisms they could or should be communicated
[57., 58, 59].

Genetic professionals have since come to a general
consensus that a limited set of medically actionable results
should routinely be returned, with the caveat that an indi-
vidual’s “right not to know” be protected by the informed
consent process [60¢], perhaps through a formal opportu-
nity to “opt out” of certain kinds of results. Disagreements
between groups remained about how best to define and
communicate the concept of “medical actionability” and
how and if this category should be modified when minors
are sequenced [61]. Recommendations about the compli-
cating issues surrounding childhood testing have been
made [62+] and qualifiers such as the age of onset of the
condition and the child’s cognitive status are important
[63]. It has been proposed that the identification and return
of secondary findings, when identified in a child without a
family history, are qualitatively different from the situation
in which a child’s risk is already known by virtue of the
presence of the condition in the family [19]. Christenhusz
has advocated that disclosure of medically actionable
variants be viewed as the default, allowing for some
exceptions, such as the age and status of the patient [11].
Surveys of genetic professionals show increasingly more
reservations about return of results when the characteristics
of such findings veer further away from the highly pene-
trant, clearly pathogenic variants strongly associated with
medically actionable conditions [28].

Data collected about these issues from parents, indi-
viduals with genetic disorders and lay people, on the other
hand, tended to show more enthusiasm about the return of a
broad spectrum of results [64]. Respondents discriminated
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between broad categories across the spectrum of conditions
using characteristics such as the seriousness of the disorder,
how likely it was to occur, the availability of effective
treatments, and the age of onset.

Gathering data from eight focus groups that varied by
age, gender, and professional status, Christenhusz found
that, although the testing of minors was given special
consideration, the mantle of parental responsibility was
often the ultimate deciding factor [65+¢]. Even when they
had second thoughts about learning information that could
be ambiguous, fail to lead to any treatment, and be
potentially harmful, most maintained that it was better to
know than not to know. Respondents placed value on
knowledge itself regardless of whether or not it led to
action. They appeared to see only the forest of potential
information and not the individual potentially risky trees
and most welcomed “information” regardless of its accu-
racy, validity, or predicted potential for harm. Still, clinical
actionability stood out as the benchmark against which all
other characteristics were measured. Other scenarios were
more contentious, such as evaluating children for adult-
onset medically actionable conditions, identifying carrier
status, and learning about a variety of other conditions that
participants tended to view through a much wider lens of
utility than that used by professionals.

This seemingly unanimous agreement that nearly all
information was equally welcomed was congruent with
reports from other studies that concluded that there was
minimal harm, in some populations, in learning genetic
information [66]. Taken together, these data might have
meant that the difficult job of categorization would be far
easier. Some remained uneasy, however, about the limited
generalizability of responses from select populations [67,
68], and the inadequacy of psychological measures to
detect subtler harms [69+¢]. There were also questions
about how to qualify the degree of risk incurred in
returning variants that did not meet a clinical actionability
threshold and how to sort out which risks merited more
caution than others. One concern that arises with regard to
studies that report patient preferences to obtain even the
“uncertain” genomic information is whether study partic-
ipants truly understand the magnitude of uncertain findings
that could be discovered. Furthermore, few studies have
explored informational preferences related to the amount
and quality of information—for example, when given a
choice between receiving a handful of well-understood
genomic findings or thousands of genomic findings with
unknown clinical significance. An important challenge of
eliciting patient preferences regarding whether to learn
certain categories of information (and presumably not
others) is to provide sufficient information to enable an
informed choice. The process of setting patient preferences
also requires balancing the efficiency of providing
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categorical choices versus the individualized customization
of specific findings to be returned [70].

Assessing Patient Preferences in Research
and Clinical Practice

Studies of individuals experienced with sequencing in them-
selves or their children seemed to echo the prior reports of
enthusiasm for genetic information. Reports from the ClinSeq
project confirmed that most of the participant population
looked to learn about all possible results [71]. This response
might be expected, given the atypical characteristics of their
select participants; a limitation the authors acknowledged.
Parents in their study cited the obligation to learn everything
possible about their children and, given their past experiences
with their child’s rare and etiological mystifying condition,
were confident they could withstand and incorporate any
information regardless of its predictive ability [72]. Participants
could distinguish how decisions might differ depending upon
the category but many remained firm in their own desires to
learn as much as possible.

More ambivalence was expressed during interviews
conducted with sequenced patients with cancer and parents
of children with undiagnosed conditions [73]. These par-
ticipants expressed a wider variety of preferences but
unanimously supported a central role for the patient in the
decision-making process. Interviewees expected that
additional findings would improve their lives by potentially
explaining their diagnosis and they valued information as a
way to prevent, or at least prepare, for the future. Even the
potential to learn about untreatable conditions had the sil-
ver lining of being an opportunity to participate in research.
Some participants reported that they would decline to learn
information such as carrier status because acting on that
information would be contrary to their religious beliefs.
They also recognized that learning information is not
always an unequivocally positive experience but can be
burdensome and cause anxiety.

That so few respondents express anxiety specifically
about the potential for genetic discrimination is not unusual,
patients often fail to recognize it as a potential risk until after
the person obtaining consent specifically raises it [74].

Even as evidence of patient ambivalence about learning
secondary findings increased and the chorus advocating a
slower pace grew louder [75, 76], the rate of clinical
sequencing quickened. Data summarizing the sequencing
experience of 200 patients who had been presented with an
option of learning secondary findings were published [77¢].
In this study, there appeared to be no ambivalence among
those studied, as 93.5 % indicated that they desired sec-
ondary findings in any of four categories for which
pathogenic variants were returned. Children, who made up
81 % of the population, were only eligible for results in the
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category of predisposition to early disease, while adults
were eligible for three additional categories: carrier status,
predisposition to later onset disease, and predisposition to
cancer. Somewhat disturbingly, 15 % of those consenting
for a child’s test requested results in categories for which
they were not eligible, irrespective of the required pre-test
genetic counseling and information in the consent form.
Whether this result reflected a true desire for information
on the part of parents, despite being counseled that it was
not an option, or whether it indicated failure of clinicians
and patients to understand the consent form, is not known.
Among adults, 16 % declined at least one category, which
was statistically different than the 4 % of declining par-
ents/guardians. As with many candidates for sequencing,
the children tested had limited life-spans with little
expectation of being able to make autonomous decisions in
the future. Such patients have been discussed as perhaps
qualifying for a reasonable exception to the usual profes-
sional recommendations against testing for adult-onset
conditions in children, but consensus has not been achieved
on this point. Others have noted that when sequencing is
done to explain a chronic health problem, individuals may
not be ready or be able to think through the implications of
learning secondary findings until after they learn their
diagnostic results, even following a discussion about it
[78].

The NCGENES Experience with Secondary
Findings

One barrier to describing the spectrum of results that could
be learned from genomic sequencing is the sheer hetero-
geneity of potential information. Berg and colleagues
developed a categorization scheme used in the North
Carolina Clinical Genomic Evaluation by Next Generation
Exome Sequencing (NCGENES) project [7e, 56, 58].
NCGENES is designed to investigate the performance of
NGS technologies in the diagnosis of patients with sus-
pected genetic disorders to determine their validity and best
use in clinical care. The project, part of the NIH-funded
Clinical Sequencing Exploratory Research (CSER) con-
sortium, also seeks to evaluate the impact on participants of
receiving diagnostic results, medically actionable sec-
ondary findings, and non-medically actionable secondary
findings.

Defining the criteria by which conditions can be clas-
sified as medically actionable or, by contrast, non-medi-
cally actionable has been challenging [79] and
discrepancies arise between what providers mean and what
patients assume by this term. The term “medically
actionable” focuses on actions that can be taken by a
medical professional rather than the spectrum of actions

that may be taken by patients regardless of their efficacy.
The term “medically actionable” is narrowly defined in
NCGENES as pathogenic or highly likely pathogenic
variants that “confer a high likelihood of disease, for which
knowledge of their presence allows medical interventions
that can significantly reduce morbidity and mortality.”

Since most secondary findings have limited medical
actionability, thereby leading to lack of consensus regard-
ing their routine disclosure, the NCGENES project is
specifically studying the potential benefits and harms of
learning such information. Adult participants in
NCGENES who are not cognitively impaired are ran-
domized to either a group that learns diagnostic results and
any medically actionable findings, or a group that is asked
to decide, in addition, whether or not to learn any combi-
nation of six additional categories of non-medically
actionable secondary findings. Both groups are followed to
learn the impact of these results. Adults in the group ran-
domized to make decisions about additional non-medically
actionable findings are educated about the characteristics of
each type including the implications of learning them and
the eligibility of the results to be placed in the medical
record (Table 3). Education occurs both by written infor-
mation sent prior to their return of their diagnostic and
medically actionable result visit and by an in-person dis-
cussion with a medical geneticist and genetic counselor at
that visit. Importantly, this decision making occurs after the
return of results visit, and participants are specifically
asked not to make a decision at that time and are instead
given the ability to initiate analysis at any subsequent time
by contacting the study.

In our preliminary experience with NCGENES partici-
pants who have been randomized to make a decision about
non-medically actionable secondary findings, it appears
that only a minority is requesting them. This result is in
contrast to the expectation that most participants would
request everything. It suggests that even when participants
express an intention to learn secondary findings, these
initial predictions may not reflect an unequivocal desire for
them. It may be that, as in previous studies, participants are
optimistic about the value of genetic information for future

Table 3 Categories of secondary findings and return methods in the
NCGENES project

Type of secondary finding Returned by

A GWAS risk SNPs Telephone
B Pharmacogenomics Telephone
C Carrier status 1 visit
D APOE 1 visit
E Mendelian disorders 1 visit
F Severe neurodegenerative disorders 2 visits
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use (notwithstanding their limited utility at present), but if
s0, this optimism does not seem to translate into a desire to
immediately learn the information. The endowment of
information with an intrinsic power regardless of its
expected utility may be more likely for people whose past
searches for information to explain their condition have
been unsuccessful. Another interpretation of these results is
that if NCGENES participants have mixed feelings about
learning additional findings, they can simply delay taking
action rather than completely shutting the door on their
options. This approach to requesting secondary findings is
very different than the traditional informed consent model
in which patients are required to make their decisions at the
time of sequencing, as was the case in the results reported
by Shahmirzadi and colleagues [77¢].

A discrepancy between stated intentions and actual
requests may be more likely to materialize when partici-
pants are not asked to decide at the time they consent for
diagnostic sequencing. When given time to make their
decision, participants have the chance to think through
implications they may not have considered before, or to
talk to family members or others who were not available at
the time of consent. When given space to make their
decision, removed from the sphere of influence of a health
care professional, participants may feel more freedom to, at
the very least, delay the decision if they have doubts. And
when empowered to take the first step to initiate the anal-
ysis, participants may be convinced that declining is a
reasonable option. It may also be expected that these
decisions assume lesser importance as time goes by and
regular life resumes.

In contrast, when the decision to opt in or out of learning
secondary findings is made at the time of consent, partic-
ipants’ assumptions about the process may lead them to opt
in, just in case. In research studies, participants may think
their results have already been generated and are known to
the research team, or they may assume that by declining
information they will, in some way, hinder the research. In
a clinical setting, patients may view opting out as poten-
tially jeopardizing their ability to learn information that
one day may be important. In either case, most individuals
have limited experience in being invited to decline a
medical test or to assess its risks, and there may be social
stigma attached to declining information, regardless of its
value. The opportunity for cost-free testing can also be a
powerful incentive.

Conclusions and Future Goals
Much of the current controversy over the management of
secondary findings in genome-scale sequencing, whether in

a research or clinical context, revolves around the per-
ceived differences in the roles and responsibilities of
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professionals and the rights and preferences of participants.
Finding the balance between the appropriate degree of
professional guidance and individual choice will require
more than vigorous commentary and the reporting of
subjective data on hypothetical preferences, but will
require empiric data on actual decisions and their out-
comes. Traditional modes of informed consent and genetic
testing will need to evolve in order to accommodate the
increasing complexity of genome-scale sequencing. If, as
some anticipate, the role of genomic sequencing in clinical
care expands, to become an integral part of medical care,
then the roles and responsibilities of clinicians and the
rights and preferences of patients may assume a longitu-
dinal nature in which decisions to query information will
be made over the course of an individual’s life and not
necessarily at the moment of consent for sequencing.

Several important tasks remain. Attributes that are
central to patients’ decisions to learn secondary findings
need to be identified. For example, Reiger et al. have
conducted a discrete choice experiment to quantify par-
ticipant preferences by asking them to make trade-offs to
rank the relative importance of attributes such as lifetime
risk, treatability, seriousness, and cost [80e, 81]. Alterna-
tive models of consent and disclosure are being piloted,
and staged versions of both may help scale up the genetic
counseling process [40e, 57+, 82]. The development of
more sensitive tools to identify and track long-term effects
of learning genetic information could help define subtler
effects associated with better or worse long-term adjust-
ment [69+, 83]. Several groups, such as those in the CSER
Consortium and the Electronic Medical Records and
Genomic (eMERGE) Network, are collecting data to help
inform these tasks.

Finally, there is an urgent need to develop educational
strategies to enhance the way people make informed deci-
sions that streamline, yet complement, the genetic counseling
process [67]. Electronic decision aids [84, 85] and other tools,
both electronic and not, can lay a foundation of knowledge,
but the importance of interpersonal dialog to help people
reach complex decisions that are right for them should not be
underestimated nor discarded. The discrepancies between
consent form content and patient comprehension illustrate its
importance in promoting understanding, patient autonomy,
and shared decision making [86].

As clinical sequencing segues into other populations,
such as newborn screening, [87, 88] our definitions and
understandings of the risks and benefits of learning geno-
mic findings will evolve, forcing the development of new
models of education and counseling. In the era of person-
alized genomic medicine, genetic counseling has the
opportunity to become even more effective and valuable if
it can adapt without losing the personalized essence of
what it can accomplish.
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If it is true that “stories trump numbers and relationships
trump stories” [89], educational strategies that touch both
the cognitive and the emotional chords in the decision-
making process by helping patients forecast their short- and
long-term emotional responses to their decisions will help
keep genetic counseling relevant regardless of what geno-
mic testing looks like in the future.

Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://creativecommons.
org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Com-
mons license, and indicate if changes were made.

Acknowledgments MIR and JBS received funding from the
NCTraCS Institute, and this study was supported by grant 1-U0O1-
HG006487-01 from the National Human Genome Research Institute.
The authors would like to acknowledge the work of all members of
the NCGENES project. Special acknowledgements to Kelly Rasp-
berry, Debra Skinner, Gail Henderson, Bradford Powell, Cecile
Skrzynia, A. Katherine Foreman, Kristy Lee, Julianne O’Daniel, and
James Evans.

Disclosure MI Roche and JS Berg both declare no conflicts of
interest.

Human and Animal Rights and Informed Consent All studies by
MI Roche and JS Berg involving animal and/or human subjects were
performed after approval by the appropriate institutional review
boards. When required, written informed consent was obtained from
all participants.

References

Papers of particular interest, published recently, have been
highlighted as:

* Of importance

e« Of major importance

1. ** Kohane IS, Masys DR, Altman RB. The incidentalome: a
threat to genomic medicine. JAMA. 2006;296(2):212-5. An early
articulation of many concerns related to the potential for geno-
mic incidental findings to derail genomic medicine.

2. Wolf SM, Lawrenz FP, Nelson CA, Kahn JP, Cho MK, Clayton
EW, et al. Managing incidental findings in human subjects
research: analysis and recommendations. J Law Med Ethics.
2007;36(2):219.

3. Christenhusz GM, Devriendt K, Dierickx K. Secondary variants-
in defense of a more fitting term in the incidental findings debate.
Eur J Hum Genet. 2013;21(12):1331-4.

4. ** Presidential Commission for the Study of Bioethical Issues.
Anticipate and communicate: ethical management of incidental
and secondary findings in the clinical, research, and direct-to-
consumer contexts. Presidential Commission for the Study of
Bioethical Issues. 2013. http://bioethics.gov/node/3183 Accessed
2 June 2015. A landmark paper that establishes recommended
terminology and for incidental and secondary findings, and

proposes pragmatic approaches to dealing with the possibility of

incidental findings.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Netzer C, Klein C, Kohlhase J, Kubisch C. New challenges for

informed consent through whole genome array testing. J Med
Genet. 2009;46(7):495-6.

. Nguyen K, Putoux A, Busa T, Cordier MP, Sigaudy S, Till M,

et al. Incidental findings on array comparative genomic
hybridization: detection of carrier females of dystrophinopathy
without any family history. Clin Genet. 2015;87(5):488-91.

. * Berg JS, Khoury MJ, Evans JP. Deploying whole genome

sequencing in clinical practice and public health: meeting the
challenge one bin at a time. Genet Med. 2011;13(6):499-4. An
early effort to establish categories of genomic information that
could be used to guide informed decision-making, analysis, and
return of results.

. Jackson L, Goldsmith L, O’Connor A, Skirton H. Incidental

findings in genetic research and clinical diagnostic tests: a sys-
tematic review. Am J Med Genet A. 2012;158A(12):3159-67.

. Wolf SM. The past, present, and future of the debate over return

of research results and Genet Med.
2012;14(4):355-7.

Abdul-Karim R, Berkman BE, Wendler D, Rid A, Khan J,
Badgett T, et al. Disclosure of incidental findings from next-
generation sequencing in pediatric genomic research. Pediatrics.
2013;131(3):564-71.

Christenhusz GM, Devriendt K, Dierickx K. To tell or not to tell?
A systematic review of ethical reflections on incidental findings
arising in  genetics contexts. Eur J Hum Genet.
2013;21(3):248-55.

Jarvik GP, Amendola LM, Berg JS, Brothers K, Clayton EW,
Chung W, et al. Return of genomic results to research partici-
pants: the floor, the ceiling, and the choices in between. Am J
Hum Genet. 2014;94(6):818-26.

* Green RC, Berg JS, Grody WW, Kalia SS, Korf BR, Martin CL,
et al. ACMG recommendations for reporting of incidental find-
ings in clinical exome and genome sequencing. Genet Med.
2013;15(7):565-74. Recommendations by the American College
of Medical Genetics for a minimal list of genetic conditions that
should be reported as incidental or secondary findings in clinical
genomic sequencing; these recommendations elicited substantial
reactions, and helped to stimulate a critical discussion of these
issues.

Dorschner MO, Amendola LM, Turner EH, Robertson PD, Shirts
BH, Gallego C]J, et al. Actionable, pathogenic incidental findings
in 1,000 participants’ exomes. Am J Hum Genet.
2013;93(4):631-40.

* Amendola LM, Dorschner MO, Robertson PD, Salama JS, Hart
R, Shirts BH, et al. Actionable exomic incidental findings in 6503
participants: challenges of variant classification. Genome Res.
2015;25(3):305-15. Estimates prevalence of adult onset, medi-
cally actionable secondary findings from exome sequencing and
highlights challenges in variant classification.

Yang Y, Muzny DM, Xia F, Niu Z, Person R, Ding Y, et al.
Molecular findings among patients referred for clinical whole-
exome sequencing. JAMA. 2014;312(18):1870-9.

Ding L-EE, Burnett L, Chesher D. The impact of reporting
incidental findings from exome and whole-genome sequencing:
predicted frequencies based on modeling. Genet Med.
2015;17(3):197-204.

Wolf SM, Annas GJ, Elias S. Point-counterpoint. Patient auton-
omy and incidental findings in clinical genomics. Science.
2013;340(6136):1049-50.

McGuire AL, Joffe S, Koenig BA, Biesecker BB, McCullough
LB, Blumenthal-Barby JS, et al. Point-counterpoint ethics and
genomic incidental findings. Science. 2013;340(6136):1047-8.
Gliwa C, Berkman BE. Do researchers have an obligation to
actively look for genetic incidental findings? Am J Bioeth.
2013;13(2):32-42.

incidental findings.

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://bioethics.gov/node/3183

174

Curr Genet Med Rep (2015) 3:166-176

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

Evans JP. When is a medical finding “incidental”? Genet Med.
2013;15(7):515-6.

Clayton EW, Haga S, Kuszler P, Bane E, Shutske K, Burke W.
Managing incidental genomic findings: legal obligations of
clinicians. Genet Med. 2013;15(8):624-9.

Hegde M, Bale S, Bayrak-Toydemir P, Gibson J, Bone Jeng LJ,
Joseph L, et al. Reporting incidental findings in genomic scale
clinical sequencing-A clinical laboratory perspective: A report of
the Association for Molecular Pathology. J Mol Diagn. 2015.
Provides a laboratory perspective on the risk, benefits, and
complexities of reporting secondary findings.

Burke W, Antommaria AH, Bennett R, Botkin J, Clayton EW,
Henderson GE, et al. Recommendations for returning genomic
incidental findings? We need to talk! Genet Med.
2013;15(11):854-9.

Park JY, Clark P, Londin E, Sponziello M, Kricka LJ, Fortina P.
Clinical exome performance for reporting secondary genetic
findings. Clin Chem. 2014;61(1):213-20.

Cassa CA, Tong MY, Jordan DM. Large numbers of genetic
variants considered to be pathogenic are common in asymp-
tomatic individuals. Hum Mut. 2013;34(9):1216-20.

¢ Clayton EW, McCullough LB, Biesecker LG, Joffe S, Ross LF,
Wolf SM, et al. Addressing the ethical challenges in genetic
testing and sequencing of children. Am J Bioeth. 2014;14(3):3-9.
A comparison by the CSER Pediatric Working Group of the
recommendations made by the American Academy of Pediatrics
to those of the ACMG regarding predictive genetic testing in
children and an analysis of the differences.

Scheuner MT, Peredo J, Benkendorf J, Bowdish B, Feldman G,
Fleisher L, et al. Reporting genomic secondary findings: ACMG
members weigh in. Genet Med. 2014;17(1):27-35.

American College of Medical Genetics and Genomics. Incidental
findings in clinical genomics: a clarification. Genet Med.
2013;15(8):664-6.

Andorno R. The right not to know: an autonomy based approach.
J Med Ethics. 2004;30(5):435-9.

. McGuire AL, McCullough LB, Evans JP. The indispensable role

of professional judgment JAMA.
2013;309(14):1465-6.

Aziz N, Zhao Q, Bry L, Driscoll DK, Funke B, Gibson JS, et al.
College of American Pathologists’ Laboratory standards for next-
generation sequencing clinical tests. Arch Pathol Lab Med.
2015;139(4):481-93.

* Kuppermann M. Pena S, Bishop JT, Nakagawa S, Gregorish SE,
Sit A, et al. Effect of enhanced information, values clarification,
and removal of financial barriers on use of prenatal genetic
testing: a randomized clinical trial. JAMA. 2014;312(12):1210-7.
Randomized control trial of a computerized, interactive decision-
support guide resulted in less prenatal test use and more
informed choices when financial barriers were removed.
Kocarnik JM, Fullerton SM. Returning pleiotropic results from
genetic testing to patients and research participants. JAMA.
2014;311(8):795-6.

Ormond KE, Wheeler MT, Hudgins L, Klein TE, Butte AJ,
Altman RB, et al. Challenges in the clinical application of whole-
genome sequencing. Lancet. 2010;375(9727):1749-51.

Bick D, Dimmock D. Whole exome and whole genome
sequencing. Curr Opin Pediatr. 2011;23(6):594-600.

Tabor HK. Informed consent for whole genome sequencing: a
qualitative analysis of participant expectations and perceptions of
risks, benefits, and harms. Am J Med Gen Part A.
2012;158A(6):1310-9.

Williams JL, Faucett WA, Smith-Packard B, Wagner M, Wil-
liams MS. An assessment of time involved in pre-test case review
and counseling for a whole genome sequencing clinical research
program. J Genet Couns. 2014;23(4):516-21.

in genomic medicine.

@ Springer

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Bernhardt B, Roche MI, Perry D, Scollon S, Tomlinson A,
Skinner D. Experiences with obtaining informed consent for
genomic sequencing. Am J Med Genet Part A. 2015. doi:10.1002/
ajmg.a.37256.

* Ayuso C, Millan JM, Manchefio M, Dal-Ré R. Informed con-
sent for whole-genome sequencing studies in the clinical setting.
Proposed recommendations on essential content and process. Eur
J Hum Genet. 2013;21(10):1054-9. A systematic review of papers
regarding informed consent for clinical genomic sequencing was
done to provide a minimum set of information needed for
informed consent.

Appelbaum PS, Parens E, Waldman CR, Klitzman R, Fyer A,
Martinez J, et al. Models of consent to return of incidental
findings in genomic research. Hastings Cent Rep.
2013;44(4):22-32.

ACMG Board of Directors. Points to consider for informed
consent for genome/exome sequencing. Genet Med.
2013;15(9):748-9.

Platt J, Cox R, Enns GM. Points to consider in the clinical use of
NGS panels for mitochondrial disease: an analysis of gene
inclusion and consent forms. J  Genet Couns.
2014;23(4):594-603.

Jamal SM, Joon-Ho Y, Jessica XC, Karin MD, Jessie HC, Holly
KT, et al. Practices and policies of clinical exome sequencing
providers: analysis and implications. Am J Med Genet Part A.
2013;161(6):935-50.

Henderson GE, Wolf SM, Kuczynski K, Joffe S, Sharp RR,
Parsons DW, et al. The challenge of informed consent and
return of results in translational genomics: empirical analysis
and recommendations. J Law Med Ethics.
2014;42(3):344-55.

Prince AER, Conley J, Davis A, Lazaro-Muifioz G, Cadigan RJ.
Automatic placement of genomic research results in medical
records: Do researchers have a duty? Should participants have a
choice? J Law Med Ethics. 2015 (in press).

Hazin R, Brothers KB, Malin BA, Koenig BA, Sanderson SC,
Rothstein MA, et al. Ethical, legal, and social implications of
incorporating genomic information into electronic health records.
Genet Med. 2013;15(10):810-6.

Facio FM, Sapp JC, Linn A, Biesecker LG. Approaches to
informed consent for hypothesis-testing and hypothesis-generat-
ing clinical genomics research. BMC Genom. 2011;5:45.

Burke W, Evans BJ, Jarvik GP. Return of results: ethical and
legal distinctions between research and clinical care. Am J Med
Genet Part C. 2014;166C(1):105-11.

Green RC, Berg JS, Berry GT, Biesecker LG, Dimmock DP,
Evans JP, et al. Exploring concordance and discordance for return
of incidental findings from clinical sequencing. Genet Med.
2012;14(4):405-10.

Lemke AA, Bick D, Dimmock D, Simpson P, Veith R. Per-
spectives of clinical genetics professionals toward genome
sequencing and incidental findings: a survey study. Clin Genet.
2013;84(3):230-6.

Yu J-HH, Harrell TM, Jamal SM, Tabor HK, Bamshad MJ.
Attitudes of genetics professionals toward the return of incidental
results from exome and whole-genome sequencing. Am J Hum
Genet. 2014;95(1):77-84.

Reiff M, Mueller R, Mulchandani S, Spinner NB, Pyeritz RE,
Bernhardt BA. A qualitative study of healthcare providers’ per-
spectives on the implications of genome-wide testing in pediatric
clinical practice. J Genet Couns. 2014;23(4):474-88.

Townsend A, Adam S, Birch PH, Lohn Z, Rousseau F, Friedman
JM. “I want to know what’s in Pandora’s Box”: comparing
stakeholder perspectives on incidental findings in clinical whole
genomic  sequencing. Am J Med Genet Part A.
2012;158A(10):2519-25.


http://dx.doi.org/10.1002/ajmg.a.37256
http://dx.doi.org/10.1002/ajmg.a.37256

Curr Genet Med Rep (2015) 3:166-176

175

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Brandt DS, Shinkunas L, Hillis SL, Daack-Hirsch SE, Driessnack
M, Downing NR, et al. A closer look at the recommended criteria
for disclosing genetic results: perspectives of medical genetic
specialists, genomic researchers, and institutional review board
chairs. J Genet Couns. 2013;22(4):544-53.

Berg JS, Adams M, Nassar N, Bizon C, Lee K, Schmitt CP, et al.
An informatics approach to analyzing the incidentalome. Genet
Med. 2012;15(1):36-44.

* Biesecker LG. Opportunities and challenges for the integration
of massively parallel genomic sequencing into clinical practice:
lessons from the ClinSeq project. Gen Med. 2012;14(4):393-8.
Discussion of early clinical experiences with NGS.

Berg JS, Amendola LM, Eng C, Van Allen E, Gray SW, Wagle
N, et al. Processes and preliminary outputs for identification of
actionable genes as incidental findings in genomic sequence data
in the Clinical Sequencing Exploratory Research Consortium.
Genet Med. 2013;15(11):860-7.

McLaughlin HM, Ceyhan-Birsoy O, Christensen KD, Kohane IS,
Krier J, Lane WJ, et al. A systematic approach to the reporting of
medically relevant findings from whole genome sequencing.
BMC Med Genet. 2013;15:134.

* Christenhusz GM, Devriendt K, Dierickx K. Disclosing inci-
dental findings in genetics contexts: a review of the empirical
ethical research. Eur J] Med Genet. 2013;56(10):529-40. Review
of published studies on secondary findings and proposes a deci-
sion-making schematic for use in the disclosure.

Anderson JA, Hayeems RZ, Shuman C, Szego MJ, Monfared N,
Bowdin S, et al. Predictive genetic testing for adult-onset disor-
ders in minors: a critical analysis of the arguments for and against
the 2013 ACMG guidelines. Clin Genet. 2015;87(4):301-10.

** American Academy of Pediatrics Committee On Bioethics,
Committee On Genetics and the American College Of Medical
Genetics and Genomic Social, Ethical, And Legal Issues Com-
mittee. Policy statement: ethical and policy issues in genetic
testing and screening of children. Pediatrics. 2013;131(3):620-2.
This policy statement was developed collaboratively by the AAP
and the ACMG to make recommendation about genetic testing
and screening in children and published prior to the ACMG
recommendations on reporting of incidental findings.
Christenhusz GM, Devriendt K, Van Esch H, Dierickx K. Ethical
signposts for clinical geneticists in secondary variant and inci-
dental finding disclosure discussions. Med Health Care Philos.
2014. doi:10.1007/s11019-014-9611-8.

Daack-Hirsch S, Driessnack M, Hanish A, Johnson VA, Shah LL,
Simon CM, et al. ‘Information is information’: a public per-
spective on incidental findings in clinical and research genome-
based testing. Clin Genet. 2013;84(1):11-8.

*¢ Christenhusz GM, Devriendt K, Van Esch H, Dierickx K.
Focus group discussions on secondary variants and next-genera-
tion sequencing technologies. Eur J Med Genet.
2015;58(4):249-57. Summarizes data from 8 diverse focus groups
about communication of results available after diagnostic geno-
mic sequencing of children.

Green RC, Roberts JS, Cupples LA, Relkin NR, Whitehouse PJ,
Brown T, et al. Disclosure of APOE genotype for risk of Alz-
heimer’s disease. NEJM. 2009;361(3):245-54.

Roche MI. Moving toward NextGenetic counseling. Genet Med.
2012;14(9):777-8.

Janssens C. The hidden harm behind the return of results from
personal genome services: a need for rigorous and responsible
evaluation. Genet Med. 2014. doi:10.1038/gim.2014.169.

** Grubs R, Parker, L and Hamilton, R. Subtle. Psychosocial
sequelae of genetic test results. Curr Genet Med Rep. 2014. A
review of subtle psychosocial sequelae following result disclosure
that is difficult to assess using existing quantitative measures but

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

has relevance for decision-making about predictive genetic
testing.

Townsend A, Adam S, Birch PH, Friedman JM. Paternalism
and the ACMG recommendations on genomic incidental find-
ings: patients seen but not heard. Genet Med.
2013;15(9):751-2.

Facio FM, Eidem H, Fisher T, Brooks S, Linn A, Kaphingst KA,
et al. Intentions to receive individual results from whole-genome
sequencing among participants in the ClinSeq study. Eur J Hum
Genet. 2013;21(3):261-5.

Sapp JC, Dong D, Stark C, Ivey LE, Hooker G, Biesecker LG,
et al. Parental attitudes, values, and beliefs toward the return of
results from exome sequencing in children. Clin Genet.
2014;85(2):120-6.

Clift K, Halverson C, Friskdal A, Kumbamu A, Sharp RR,
McCormick J. Patients’ views on incidental findings from clinical
exome sequencing. Appl Transl Genom. 2015;4:38—43.

Prince AE, Roche MI. Genetic information, non-discrimination,
and privacy protections in genetic counseling practice. J Genet
Couns. 2014;23(6):891-902.

Burke W, Trinidad SB, Clayton EW. Seeking genomic knowl-
edge: the case for clinical restraint. Hastings Law J.
2013;64(6):1650-64.

Sharp RR. Downsizing genomic medicine: approaching the eth-
ical complexity of whole-genome sequencing by starting small.
Genet Med. 2011;13(3):191-4.

¢ Shahmirzadi L, Chao EC, Palmaer E, Parra MC, Tang S,
Gonzalez KD. Patient decisions for disclosure of secondary
findings among the first 200 individuals undergoing clinical
diagnostic exome sequencing. Genet Med. 2014;16(5):395-9.
Experience of a commercial laboratory in assessing preferences
for secondary findings results for families undergoing diagnostic
exome sequencing.

Bergner AL, Bollinger J, Raraigh KS, Tichnell C, Murray B,
Blout CL, et al. Informed consent for exome sequencing research
in families with genetic disease: the emerging issue of incidental
findings. Am J Med Genet Part A. 2014;164A(11):2745-52.
Goddard KA, Whitlock EP, Berg JS, Williams MS, Webber EM,
Webster JA, et al. Description and pilot results from a novel method
for evaluating return of incidental findings from next-generation
sequencing technologies. Genet Med. 2013;15(9):721-8.

* Regier DA, Peacock SJ, Pataky R, van der Hoek K, Jarvik GP,
Hoch J, et al. Societal preferences for the return of incidental
findings from clinical genomic sequencing: a discrete-choice
experiment. CMAIJ. 2015;187(6):E190-97. An attempt to esti-
mate personal utility for information from secondary genomic
findings by a discrete choice method.

Bennette CS, Trinidad SB, Fullerton SM, Patrick D, Amendola L,
Burke W, et al. Return of incidental findings in genomic medi-
cine: measuring what patients value—development of an instru-
ment to measure preferences for information from next-
generation testing (IMPRINT). Genet Med. 2013;15(11):873-81.
Tabor HK, Berkman BE, Hull SC, Bamshad MJ. Genomics really
gets personal: how exome and whole genome sequencing chal-
lenge the ethical framework of human genetics research. Am J
Med Genet Part A. 2011;155A(12):2916-24.

Heshka JT, Palleschi C, Howley H, Wilson B, Wells PS. A
systematic review of perceived risks, psychological and behav-
ioral impacts of genetic testing. Genet Med. 2007;10(1):19-32.
Stacey D, Legare F, Col N, Bennett C, Barry M, Eden K, et al.
Decision aids for people facing health treatment or screening
decisions. Cochrane Database Syst Rev. 2014. doi:10.1002/
14651858.CD001431.

Birch PH. Interactive e-counselling for genetics pre-test deci-
sions: where are we now? Clin Genet. 2015;87(3):209-17.

@ Springer


http://dx.doi.org/10.1007/s11019-014-9611-8
http://dx.doi.org/10.1038/gim.2014.169
http://dx.doi.org/10.1002/14651858.CD001431
http://dx.doi.org/10.1002/14651858.CD001431

176

Curr Genet Med Rep (2015) 3:166-176

86.

87.

Kaphingst KA, Facio FM, Cheng MRR, Brooks S, Eidem H, Linn
A, et al. Effects of informed consent for individual genome
sequencing on  relevant  knowledge.  Clin  Genet.
2012;82(5):408-15.

Waisbren S, Back D, Liu C, Kalia S, Ringer S, Holm IA, et al.
Parents are interested in newborn genomic testing during the
early postpartum period. Genet Med. 2014. doi:10.1038/gim.
2014.139.

@ Springer

88.

89.

Bombard Y, Miller FA, Hayeems RZ, Barg C, Cressman C,
Carroll JC, et al. Public views on participating in newborn
screening using genome sequencing. Eur J Hum Genet.
2014;22(11):1248-54.

Elwyn G, Frosch D, Volandes AE, Edwards A, Montori VM.
Investing in deliberation: a definition and classification of deci-
sion support interventions for people facing difficult health
decisions. Med Decis Mak. 2009;30(6):701-11.


http://dx.doi.org/10.1038/gim.2014.139
http://dx.doi.org/10.1038/gim.2014.139

	Incidental Findings with Genomic Testing: Implications for Genetic Counseling Practice
	Abstract
	Introduction
	Reaction to the ACMG Recommendations on Incidental Findings
	Provider Responsibilities, Informed Consent, and Patient Decisions
	Making Decisions About Secondary Findings is Complex: Do People Really Want Everything?
	Assessing Patient Preferences in Research and Clinical Practice

	The NCGENES Experience with Secondary Findings
	Conclusions and Future Goals

	Open Access
	References




