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Introduction
Large-scale genome and exome sequencing is rapidly 
moving from research investigation into clinical care. 
When cancer patients fail to respond to conventional 
treatment, sequencing can suggest new molecular 
targets for chemotherapy and other treatment. When 
children present with puzzling neurodevelopmental 
anomalies, sequencing can shorten the diagnostic 
odyssey by revealing potentially causative genetic vari-
ants. Sequencing can even be used to help diagnose 
critically ill individuals in order to save lives.

With sequencing transitioning into clinical care, 
controversy has erupted over how to manage inciden-
tal or secondary findings. Whenever a physician orders 
genomic analysis for a particular indication, certain 
genes are of focal concern and their analysis yields pri-
mary findings. However, sequencing, especially on a 
large scale — potentially up to whole exome or whole 
genome sequencing — may yield additional findings 
on genes that are not germane to the original indica-
tion but nonetheless may hold clinical significance 
because they indicate another risk, disease process, or 
condition. An enormous literature now addresses the 
question of how to handle these additional findings, 
both in research and in clinical care.1 

The American College of Medical Genetics and 
Genomics (ACMG)2 — the leading professional soci-
ety for medical geneticists in the United States — has 
issued a series of policy statements to guide manage-
ment of incidental or secondary findings that arise in 
clinical sequencing. However, the complexity of this 
issue has thwarted easy resolution. ACMG exercises 
a leadership role in multiple domains of genomic 
medicine, from clinical prescribing to laboratory prac-
tice, electronic health records (EHR), and insurance 
coverage. But the question of incidental findings has 
prompted College statements every year since 2012. 

This article traces the evolution of ACMG policy on 
incidental or secondary findings and argues that fur-
ther change is needed. Current ACMG policy urges a 
regime involving a routine search for an expanding set 
of extra genes, offering patients only an opt-out from 
the entire set. The routinization of this search con-
tinues to constitute opportunistic screening without 
the empirical foundation for this public health mea-
sure. Moreover, routine screening with an opt-out is 
far different from informed consent offering patients 
the opportunity to opt-in to extra testing. And forc-
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ing patients to make a decision as to the entire set of 
extra genes — a heterogeneous and growing collec-
tion including cancer risk, cardiovascular risk, and 
soon pharmacogenomics genes — robs patients of the 
opportunity to exercise autonomous choice based on 
their health circumstances and values. These prob-
lems with current ACMG policy are even more acute 
because the policy still includes children on the same 
footing as adults, but the “all or nothing” opt-out 
deprives parents, guardians, and adolescents of the 
option to delay testing for genes associated with adult-
onset conditions.

ACMG 2012
The evolution of ACMG policy on incidental or sec-
ondary findings begins with the College’s 2012 pol-
icy statement on, “Points to Consider in the Clinical 
Application of Genomic Sequencing.”3 Recognizing 

that large-scale sequencing was moving into clinical 
use, the policy recognized that sequencing would pro-
duce not only “diagnostic results,” but also “secondary 
findings (also called incidental or unanticipated find-
ings).” The policy acknowledged that, “Such secondary 
findings are highly likely, if not inevitable, whenever 
WGS/WES is performed.” 

The policy statement called for laboratories and 
clinics to establish “clear policies…related to disclosure 
of secondary findings.” The policy called for inform-
ing patients of the policies and “the types of secondary 
findings that will be reported back to them and under 
what circumstances.” However, the policy provided a 
patient opt-out: “Patients should be given the option 
of not receiving certain or secondary findings.” Noth-
ing in this policy explicitly called for restricting patient 
choice on secondary findings to “all or nothing.” 

ACMG 2013
In March of 2013, ACMG issued a new paper focus-
ing on the problem of incidental or secondary find-
ings, the fruit of a year’s worth of effort by a working 
group examining this issue.4 This lengthier paper used 
the term “incidental findings,” defining these as “the 
results of a deliberate search for pathogenic or likely 
pathogenic alterations in genes that are not appar-
ently relevant to a diagnostic indication for which the 
sequencing test was ordered.” This paper articulated 
a list of 56 extra genes that should be analyzed and 
reported by the laboratory whenever sequencing was 
undertaken. This roster of cancer risk, cardiovascular 
risk, and pharmacogenomics genes was chosen based 
on pathogenicity and clinical actionability, though the 
paper noted that “[a]dditional genes may be analyzed 
for incidental variants, as deemed appropriate by the 
laboratory.” 

The working group urged that the clinician ordering 
sequencing “discuss with the patient the possibility of 
incidental findings,” with patients having “the right to 
decline clinical sequencing if they judge the risks of 
possible discovery of incidental findings to outweigh 
the benefits of testing.” However, the paper contem-
plated that patients would either accept sequencing 
with a laboratory search for the full set of inciden-
tal findings or decline sequencing altogether. There 
was no option to accept sequencing for the primary 
indication but to opt-out of the search for incidental 
findings. And there was no option to choose some 
incidental findings (say, perhaps, cancer risk findings 
in a patient already facing cancer) but not others (for 
example, cardiovascular findings). Thus, if a patient 
needed clinical sequencing (as presumably most rel-
evant patients would, given the fact that sequencing 

Current ACMG policy urges a regime involving a routine search for an 
expanding set of extra genes, offering patients only an opt-out from the entire 

set. The routinization of this search continues to constitute opportunistic 
screening without the empirical foundation for this public health measure. 
Moreover, routine screening with an opt-out is far different from informed 

consent offering patients the opportunity to opt-in to extra testing. And 
forcing patients to make a decision as to the entire set of extra genes — a 

heterogeneous and growing collection including cancer risk, cardiovascular 
risk, and soon pharmacogenomics genes — robs patients of the opportunity to 
exercise autonomous choice based on their health circumstances and values. 
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was ordered), then the search for incidental findings 
was a required part of that process. 

This represented a retreat from the 2012 position 
that patients could accept clinical sequencing but opt 
out of a report of secondary or incidental findings. 
While the 2013 paper technically left communica-
tion of these findings to the clinician, the possibility 
that the clinician might refrain from communicating 
pathogenic and actionable findings in the laboratory 
report seemed remote, given that patients have direct 
access to their health records under HIPAA.5 (Indeed, 
as of 2014, patients have direct access to their labora-
tory reports.6)

ACMG’s 2013 paper anticipated the outcry that 
ensued due to the call for mandatory inclusion of sec-
ondary or incidental findings analysis whenever clini-
cal sequencing was performed. The paper itself said,

 
the Working Group did not favor offering the 
patient a preference as to whether or not their 
clinician should receive a positive finding 
from the minimum list of incidental findings 
described in these recommendations. We recog-
nize that this may be seen to violate existing ethi-
cal norms regarding the patient’s autonomy and 
“right not to know” genetic risk information. 

Vigorous objections to the 2013 policy focused on sev-
eral issues.7 

First, as ACMG anticipated, mandatory analysis of 
secondary or incidental findings and the reality that 
clinicians would feel impelled to communicate those 
results deprived patients of choice and vitiated the 
“right not to know” that has long obtained in clinical 
genetics. Second, ACMG acknowledged that institut-
ing routine analysis of secondary or incidental findings 
whenever patients undergo sequencing constitutes 
“opportunistic screening.”8 Yet opportunistic screen-
ing is a public health measure that requires empiri-
cal demonstration that the criteria for instituting such 
screening have been met, including positive predictive 
value and net population benefit. As Burke and col-
leagues pointed out, those criteria had not been met.9 
Third, some challenged the working group’s roster 
of 56 genes; given that the list was meant to capture 
highly pathogenic and clinically actionable genes, crit-
ics questioned the list on grounds of both over-inclu-
sion and under-inclusion. 

Finally, a robust debate erupted over ACMG’s inclu-
sion of children in its recommendations: “Incidental 
variants should be reported regardless of the age of the 
patient.”10 Policy had long favored confining genetic 
testing of minors to those results needed for medi-
cal management in childhood, delaying other genetic 

testing until the child achieved the age of majority and 
could choose for him- or herself whether to undertake 
that testing. Indeed, a 2012 technical report published 
in early 2013 from ACMG together with the American 
Academy of Pediatrics (AAP) had reiterated this view:

Early professional statements recommended that 
predictive genetic testing of minors be consid-
ered only if effective medical interventions were 
available to treat, prevent, or retard the course 
of the disease. Since then, more than two dozen 
additional national and international guidelines 
have concurred.… The AAP and the ACMG 
continue to support the traditional professional 
recommendation to defer genetic testing for late-
onset conditions until adulthood.11

The technical report recognized that there might be 
exceptional cases warranting testing for genes asso-
ciated with risk of adult-onset conditions “to resolve 
disabling parental anxiety or to support life-planning 
decisions that parents sincerely believe to be in the 
child’s best interest.”12 However, this case-by-case 
approach was in effect rejected by ACMG’s 2013 policy 
that secondary or incidental findings should be rou-
tinely ascertained and reported, even in children and 
even when the genes in question were associated with 
adult-onset disorders. 

Objections to all four dimensions of the 2013 paper 
produced vigorous debate whose importance went 
well beyond the question of how to handle secondary 
or incidental findings. At issue was the scope of patient 
autonomy in the new era of genomic medicine, the 
relationship between patient autonomy and physician 
paternalism, protections for children and adolescents, 
the ethical use of pediatric testing to warn family mem-
bers of their own possible genetic risks, and the cri-
teria for public health screening using genomic tech-
nologies. The importance of the issues and the outcry 
provoked by the 2013 paper prompted ACMG to issue 
a clarification statement later in 2013 defending the 
paper by emphasizing its “focus only on unequivocally 
pathogenic mutations in genes in which pathogenic 
variants lead to disease with very high probability and 
cases in which evidence strongly supports the benefits 
of early intervention.”13 On children, the clarification 
attempted to reconcile the longstanding policy disfa-
voring testing for adult-onset conditions in children 
(as reiterated in the ACMG/AAP technical report) 
with the 2013 paper by saying, “The ACMG affirms its 
recommendation not to perform diagnostic testing for 
an adult-onset condition in children but believes that 
reporting an incidental finding of a severe, actionable, 
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pathogenic mutation falls outside this recommenda-
tion.”14 The furor, however, would not abate.

ACMG 2014
To ACMG’s great credit, the organization took seri-
ously the continuing concerns. In April 2014, ACMG’s 
Board issued a news release modifying the policy artic-
ulated in the 2013 paper and subsequent clarification. 
The release reinstated the opt-out created by the 2012 
policy, but clarified that the patient should be able to 
opt out of analysis of secondary or incidental findings, 
not just opt out of receiving a report of those findings: 

There appears to be a consensus among ACMG 
members that patients should have an oppor-
tunity to opt out of the analysis of medically 
actionable genes when undergoing whole exome 
or genome sequencing. While the ACMG Board 
still considers the IFs to be important medical 
information that can be a great value to fami-
lies, it has voted to recommend that such an 
‘opt out’ option be offered to patients who are 
considered candidates for clinical genome-scale 
sequencing.15 

Meanwhile, ACMG undertook a survey of their 
membership on a range of questions raised by the 2013 
paper. In early 2014, they emailed a survey link to the 
membership, with the results published in November. 
The survey found high agreement (80.7% combining 
“agree” and “strongly agree”) that patients “should be 
able to opt out of laboratory analysis of the 56 genes 
on the ACMG list.”16 There was less agreement that 
patients “should be able to decide which genes will 
be analyzed for pathogenic variants among the 56 
genes on the ACMG list” (46.2% combining “agree” 
and strongly agree”), though only 34.8% rejected this 
idea (combining “disagree” and “strongly disagree”).17 
There was no consensus on how to manage secondary 
or incidental findings in children.

ACMG 2015
Informed by this survey, the ACMG issued updated 
policy in 2015.18 This policy maintained that genet-
ics professionals should seek written informed con-
sent from patients for large-scale clinical sequencing. 
That consent process should address “the inevitable 
generation” of secondary or incidental findings. How-
ever, rather than stating that these professionals 
should seek patient consent for what the 2013 paper 
made clear was a “deliberate search” for these extra 
findings, the 2015 policy stated that patients “should 
be made aware that, regardless of the specific indica-
tion for testing, laboratories will routinely analyze the 

sequence of a set of genes deemed to be highly medi-
cally actionable so as to detect pathogenic variants that 
may predispose to a severe but preventable outcome.” 

Once the patient was informed of this routine search 
and analysis, the patient would be offered the choice 
of opting out, but with a warning as to the potential 
consequences: “Patients should be informed during 
the consent process that, if desired, they may opt out 
of such analysis. However, they should also be made 
aware at that time of the ramifications of doing so.” 
There was no parallel recommendation that patients 
be warned of the potential consequences of failing 
to opt out (e.g., discovery of secondary or incidental 
findings that proved to be false positives, creating an 
unwanted record of susceptibility to disease unrelated 
to the reason for sequencing, potential vulnerability 
to discrimination, or other consequences). In addi-
tion, the 2015 update made clear that patients could 
not choose analysis and report of some secondary or 
incidental findings but not others: “it is not feasible for 
patients to be offered the option of choosing a subset 
of medically actionable genes for analysis. Thus, the 
decision regarding routine analysis should apply to the 
entire set of genes deemed actionable by the ACMG.”

Thus, the bottom line remained a routine search 
for the full set of secondary or incidental findings 
every time clinical sequencing was ordered for any 
indication. Rather than seeking opt-in consent from 
patients for this extra search with information on the 
potential benefits and risks, patients could only opt 
out and with a warning of the potential consequences 
of exercising that option. 

There was no discussion of whether this routinized 
opportunistic screening was now supported by greater 
evidence than when the policy was first put forth in 
2013. Similarly, the 2015 update made no change to 
the inclusion of children in the 2013 paper, despite the 
lack of consensus on this point in the 2014 survey of 
the membership. “[T]he board recommends that the 
same policy should be adhered to in children as in 
adults; i.e., analysis of a set of selected genes to iden-
tify pathogenic variants associated with severe but 
preventable disease should be routinely performed.” 

Finally, the board made clear that the list of extra 
genes to search would evolve. They referred to “an 
ever-changing list” and ended the policy statement by 
saying, “A multidisciplinary working group has been 
formed to develop a process for updating and main-
taining the list of genes to be routinely analyzed for 
secondary findings.” 

ACMG 2016
In late 2016, the ACMG Secondary Findings Working 
Group published an update to ACMG’s policy state-
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ment on secondary findings.19 The committee had 
requested that ACMG members nominate genes for 
inclusion or deletion from the list: “The Secondary 
Findings Working Group will review nominations 
periodically with a plan to publish updates to the Sec-
ondary Findings Gene List twice per year.”20 The first 
update, published in November, added five genes to 
the ACMG list of 56 and removed one — the “ACMG 
56” became the “ACMG 59.”21 

In addition, the committee indicated they would 
now consider adding pharmacogenomics (PGx) genes 
to the list in future updates. As the committee co-chair 
explained, this was a notable shift:

Pharmacogenomics genes ‘don’t fit into the same 
model of disease which we’re used to for the 
other genes’…. PGx genes are fundamentally dif-
ferent from the genes that are currently on the 
list because they do not predispose to disease or 
an adverse event on their own, but only in com-
bination with exposure to a drug…. Secondly, the 
information gleaned from PGx genes may not be 
immediately actionable but might only be rel-
evant in the future, when a drug is prescribed.22

Thus, ACMG is contemplating significantly expand-
ing the scope of routine extra analysis when clinical 
sequencing is undertaken.

Continuing Problems with ACMG Policy
ACMG’s 2014 clarification and 2015 update to pol-
icy on secondary or incidental findings represented 
an important improvement, but failed to resolve the 
underlying issues. While ACMG removed mandatory 
analysis of secondary or incidental findings by creat-
ing an “opt-out,” the updated policy failed to embrace 
informed consent. Instead, the presumption that such 
analysis would be undertaken remained in place. 
Thus, ACMG policy continues to treat such analysis 
as “routine.” 

The opt-out is also circumscribed. Patients may 
only opt-out of the full (and expanding) set of second-
ary findings; they have no option to omit the genes 
irrelevant to their condition and concerns, while 
allowing those they deem more germane. Thus, there 
is no opportunity for patients to make the customary 
risk/benefit analysis they make in other clinical deci-
sion contexts, to reject analysis of those genes that 
fail to offer sufficient benefit from the patient’s per-
spective. And patient capacity to perform this normal 
risk/benefit analysis is further hampered by the fact 
that ACMG policy calls for warning patients only of 
the implications of opting out, not providing informa-
tion on the risks and benefits of accepting or rejecting 

secondary findings analysis across the roster of extra 
genes to be analyzed. While ACMG has argued that 
counseling patients on all of these genes would be too 
time-consuming,23 commentators have pointed out 
that the genes cluster into types (e.g., cancer risk, car-
diovascular risk, pharmacogenomics) that are quite 
amenable to explanation and counseling.24

A substantial ethics and empirical literature con-
trasts customary informed consent allowing patient 
to opt in to diagnostic or treatment interventions 
with the more unusual practice of categorizing an 
intervention as “routine” and allowing an opt-out.25 
The former robustly protects patient autonomy and 
decisional authority. The latter does not. Its weaker 
protection must be justified by demonstration that 
compromising patient autonomy is required to meet a 
public health goal or other imperative that cannot be 
entrusted to patient choice. A classic example of this 
is found in states that perform newborn screening as 
a routine practice, subject to parent opt-out. The eth-
ics of this decisional approach have been extensively 
debated. The primary justification for limiting paren-
tal decisional authority is the best interests of a sepa-
rate human being — the newborn. 

In the case of secondary or incidental findings, no 
demonstration has yet been made that the search for 
these extra findings confers adequate population ben-
efit to justify treating it as a routine practice subject 
only to opt-out, rather than an option that patients 
can affirmatively choose through opt-in. Indeed, the 
ACMG secondary findings committee acknowledged 
in its 2016 publication that the net utility of their entire 
approach to ascertaining secondary findings through 
opportunistic screening whenever clinical sequenc-
ing is ordered has yet to be established. First, as the 
committee noted, the list is based on an assumption of 
high penetrance that could prove incorrect for various 
genes included: 

[W]e recognize the presumption of high pen-
etrance for these genes and diseases based on 
potentially biased case ascertainment. Specifi-
cally, literature reports for many of these condi-
tions represent assessment of disease probands 
and their families. Over time, we may discover 
that penetrance for some of these conditions is 
lower than current estimates suggest.26 

Second and more globally, the net utility of this oppor-
tunistic screening has not yet been established: “The 
reporting of [secondary findings] presents significant 
opportunities to prevent disease, but this process may 
introduce fiscal and other costs, including those asso-
ciated with further confirmatory testing…. [I]t will be 
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important for the genomics community to study the 
impact.”27 

These committee acknowledgments reinforce the 
point made by Burke and colleagues in arguing that 
the ACMG policy has instituted opportunistic screen-
ing without the empirical demonstration of positive 
predictive value and net benefit to support it.28 The 
fact that ACMG’s secondary findings committee is 
now considering expanding the list of genes based on 
member nomination does not provide reassurance 
that rigorous demonstration will be required that the 
criteria for instituting opportunistic screening have 
been met for each gene. 

Indeed, research is demonstrating that few people 
test positive for the genes on the list of 56, at least 
in the populations studied so far.29 This makes it all 
the more puzzling to routinize the practice of search-
ing for and reporting these extra genes, rather than 
offering it as an option that patients can elect with 
information and guidance from their clinicians. The 
importance of individual patient decision making 
based on the individual’s circumstances and values 
is reinforced by the ACMG committee’s acknowl-
edgment in 2016 that judging the actionability of a 
given gene in deciding whether to test for it involves 
a subjective determination of the “acceptability of the 
proposed intervention [to address the gene or condi-
tion] based on its risks and benefits.”30 This subjective 
judgment of the acceptability of a clinical interven-
tion is exactly the sort of values-based judgment that 
patients are asked to make all the time in other clinical 
contexts. To instead routinize the practice of searching 
for an expanding set of secondary findings removes an 
important step of individualized clinician counseling 
on secondary findings analysis options and individual 
patient decision making. This diminishes the crucial 
role of both the clinician and the patient.

The Association of Molecular Pathology (AMP) 
itself convened a working group on incidental findings 
that departed from ACMG’s endorsement of routine 
analysis with opt-out only. Instead, the AMP group 
endorsed “opt-in or opt-out…in the precounseling ses-
sion.”31 The group elaborated, 

[P]ersons undergoing WES or WGS should have 
the opportunity to opt-in or opt-out of receiving 
a report that documents variants that are not 
relevant to the initial reason for testing…. Most 
patients will likely opt-in, given the opportunity 
to receive additional information that could be 
used to improve their health. However, health 
care professionals must be sensitive to the pos-
sibility that patients dealing with a difficult 
medical issue that led to the need for WES or 

WGS may not wish to have an additional burden 
of concerns placed on them about future health 
issues. In addition, the needs of specific cultural 
and ethnic groups must be accommodated.32

The last point is particularly telling. The Havasu-
pai case against Arizona State University stands as a 
reminder that members of some groups may object to 
generating certain genetic findings but not others.33 In 
addition, routinizing genetic analysis of a set of genes 
based on pathogenicity and clinical actionability in 
populations analyzed to date may not be appropriate 
for other populations underrepresented in current 
databases.34 The AMP working group further pointed 
out that “the expressivity of genetic variants known 
to be highly penetrant in high-risk communities is 
unknown for low-risk communities.”35

Finally, on analyzing and reporting secondary or 
incidental findings in children, the ACMG policy con-
tinues to draw fire. Not only did the survey of mem-
bership fail to show consensus support for ACMG’s 
policy on minors, but a 2015 report from the Ameri-
can Society of Human Genetics (ASHG) failed to sup-
port the ACMG position as well. Instead of a routine 
report of secondary or incidental findings “regardless 
of the age of the patient” (as ACMG recommended),36 
ASHG urged limiting the report of secondary find-
ings to those cases in which “the information has clear 
clinical utility for the child and/or his or her family 
members.”37 And instead of relying on an opt-out, 
ASHG called for “a robust informed-consent process” 
and recommended that children “be included in the 
informed-assent or -consent process to the extent that 
they are capable.”38 

Conclusion
The future of genomic medicine rests on public trust 
that respect for patient preferences and values will 
obtain in this domain of clinical care, as it does in oth-
ers. The quantity of results in large-scale sequencing 
and potential complexity of interpretation do not jus-
tify a genomic exceptionalism that exempts genomic 
analysis of secondary findings from informed consent. 
While ACMG clearly called for informed consent to 
clinical sequencing, the failure to maintain respect for 
patient choice on the distinct question of whether to 
undertake an extra search for secondary findings war-
rants reconsideration. As ACMG noted in 2013, the 
search for secondary or incidental findings requires “a 
deliberate search.”39 And as others have pointed out, 
embarking on a search for findings unrelated to the 
indication for sequencing is a separate effort,40 which 
can be accepted or declined. Indeed, the AMP group 
maintains that secondary or incidental findings “are 
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not evident without significant extra effort directed 
toward that end.”41 

Undertaking that extra effort to search for second-
ary or incidental findings warrants informed consent 
with counseling on the risks and benefits. Patients 
should have the opportunity to opt in to desired sec-
ondary findings analysis based on counsel from their 
clinicians. Patients and clinicians should be able to 
discuss what subset of secondary findings to elect, 
based on a patient-specific consideration of risks and 
benefits. And secondary or incidental findings anal-
ysis in minors should be limited as ASHG suggests, 
with the robust informed consent and assent process 
they urge. 

ACMG has demonstrated admirable determination 
to address the important issue of secondary or inci-
dental findings, to collect data on member attitudes, 
and to evolve policy over time. With sequencing rap-
idly moving into clinical care and the arrival of preci-
sion medicine relying on genomics, ACMG should go 
the next step to restore informed consent and respect 
for patients to the practice of clinical genomics. 
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