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Disclaimer: This statement is designed primarily as an educational resource for medical geneticists and other clinicians to help them provide quality
medical services. Adherence to this statement is completely voluntary and does not necessarily assure a successful medical outcome. This statement should
not be considered inclusive of all proper procedures and tests or exclusive of other procedures and tests that are reasonably directed to obtaining the same
results. In determining the propriety of any specific procedure or test, the clinician should apply his or her own professional judgment to the specific clinical
circumstances presented by the individual patient or specimen.

Clinicians are encouraged to document the reasons for the use of a particular procedure or test, whether or not it is in conformance with this statement.
Clinicians also are advised to take notice of the date this statement was adopted, and to consider other medical and scientific information that becomes
available after that date. It also would be prudent to consider whether intellectual property interests may restrict the performance of certain tests and other
procedures.

HISTORY AND FUTURE OF THE ACMG SECONDARY
FINDINGS LIST

Guidance from the original American College of Medical Genetics
and Genomics (ACMG) Policy Statement on incidental findings in
2013 established that clinical laboratories performing exome or
genome sequencing (ES/GS) should report known pathogenic (KP)
or expected pathogenic (EP) variants in a defined set of genes
considered medically actionable, even when unrelated to the
primary medical reason for testing.! Subsequently, the ACMG
updated the terminology used to describe these types of findings
to align with nomenclature recommendations from the Presiden-
tial Commission on Bioethical Issues that defined “secondary
findings” (SF) as variants that are actively sought in genes that are
part of a defined list, as opposed to genomic variants found
incidentally or accidentally.? In a survey of ACMG members, more
than 90% of respondents supported a minimum gene list of SFs
that would be updated and refined over time.> Recognizing this
need, the ACMG Board of Directors (BOD) created the ACMG

submit nominations to add or remove genes from the list through
a nomination form found on the ACMG website.* The 2017 update
added four new genes, removed one gene, and rejected one
nominated gene from inclusion in the list. Adoption of clinical ES/
GS since then has expanded even further.? The ACMG SFWG and
the BOD agree that timely updates to the SF list are increasingly
important, which has led to the decision to separate the ACMG
SFWG policy update discussed here from the updated ACMG SF
gene list. The SFWG will update this general policy statement as
needed, but on a less frequent basis, generally every 3-4 years,
and the gene list will be updated on an annual basis, with a goal
of publishing the updated list each year in January.

Frequency of secondary findings in clinical practice

Since the publication of the original ACMG Policy Statement on
SFs, several studies across a variety of research and clinical cohorts
have sought to measure the frequency at which SFs are likely to
be identified. Although these studies can differ considerably in

Secondary Findings Maintenance Working Group (SFWG) in 2014
to define and implement a process for updating the SF list. Shortly
thereafter, we established a mechanism for ACMG members to

their ascertainment strategies, variant interpretation methods, and
underlying gene lists, reported SF frequencies are consistently in
the range of 1-6%."° Most recently, an estimated medically
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actionable SF rate of 2% using the ACMG v.2.0 list was reported in
the 49,960-person cohort of the UK biobank.'® Similarly, a large
cohort study (N =21,915), drawn from a diverse group of clinical
settings, reported that 2.54% of participants had a pathogenic (P)
or likely pathogenic (LP) variant in one of the 59 genes
recommended for return on the ACMG v2.0 list."" This frequency
jumped to 3.02% if additional actionable findings were included,
such as homozygosity for the HFE p.Cys282Tyr variant and P/LP
variants in PALB2."" In this cohort, SFs associated with cancer
susceptibility were the most frequent (1.38%), followed by
cardiovascular diseases (0.87%), and lipid disorders (0.50%). This
study of primarily European ancestry participants also found
no difference in SF frequency among the ACMG SF v2.0
gene-phenotype pairs when stratified by self-reported race/
ethnicity, though a difference in frequency among those of
European ancestry and those of African ancestry has been
reported previously in a smaller study.” Given these conflicting
results, and the overarching context of disparate overrepresenta-
tion of individuals of European ancestry within genomics cohorts,
caution should be taken when applying these frequencies to
groups with different demographic makeup.'*'® Future efforts to
further refine these frequencies must be conducted in cohorts
that reflect diverse human populations.

Stakeholder views on secondary findings

Literature and systematic reviews of studies exploring stakeholder
views on SF disclosure find general support for returning
actionable results, especially in the context of adult probands
and when individual choice is preserved.'*'® Variability in views
based on stakeholder group (e.g., lay person vs. genomics
professional) and experience with genetic conditions and genetic
testing have also been identified.'* The authors of these reviews
note that interpretation of results may be affected by unclear
and variable definitions of the terms “secondary finding” and
“actionability” across studies.

Clinicians and researchers in the United States are largely
supportive of returning SFs from clinical and research ES/GS (with
accredited clinical laboratory confirmation). Clinicians find SF
results disclosure similar to traditional results, but with potentially
more time required for preparation.'®'” Among clinical genomics
professionals in the UK, most thought that SFs should be restricted
to medically actionable, higher penetrance, and serious conditions
and favor a cautious approach that continually incorporates
relevant evidence.'® Pediatric genetics and nongenetics health
professionals in Canada were generally supportive of returning SFs
with a focus on the child’s best interests and balancing benefits of
potential disease prevention and reduced morbidity against
potential harms related to discrimination, autonomy, and
stigma.'® The concept of disclosure based on “benefit to family”
has also been proposed as a justification for return of SFs that is
independent of any direct benefit to the child.*°

Results from studies of patients and families exploring the
desirability to learn about, and act on, SFs have been mixed. In the
United States, SFs have been generally well-received by patients,
and some individuals even expressed worry about later experien-
cing regret if they did not learn these results; however,
recommended follow-up and cascade family testing may be
lower than typically expected with medically sought diagnostic
findings.?'™?* Factors taken into account when considering SF
return may be different for adult patients and parents of children
having ES/GS. In a small study from Europe, adults with hereditary
cancer, cardiac, and/or metabolic conditions tended to express
more concern about receiving SFs due to potential psychological
consequences, while parents of individuals receiving ES/GS as a
diagnostic test for a rare disorder tended to have a more favorable
opinion about receiving SFs based on potential medical benefits.?*
Similarly, a systematic review of stakeholder views reported that
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patients with a history of cancer or other genetic diagnoses were
more cautious about learning SFs, whereas parents were more
likely to request a wide range of SF results for their children.' In
Canada, parents whose children were undergoing genomic
sequencing for diagnostic purposes reported ambivalence about
receiving SFs, but also felt obligated to learn of their child’s adult-
onset SFs in spite of the perceived burden of that knowledge.*®

Priorities for this policy update

Our working group has built upon the solid foundation of the
original policy statement, making adjustments in response to
updates in the medical literature and feedback from the
community.' Below, we compare and contrast SFs with population
screening. Based on reported stakeholder views about consent for
SFs, we provide updated guidance about considerations for
consenting. We address questions about whether SFs should be
reported on test types other than ES/GS (e.g., panels). We revise
the germline variant classification recommendations to align with
ACMG/Association for Molecular Pathology (AMP) variant classifi-
cation recommendations that were published subsequent to the
original policy on SFs.>® We also discuss inclusion of only a subset
of variants within particular genes as compared to including
variants identified in the entire gene. Finally, we propose a
framework to update the SF list annually, and on a predictable
schedule that will facilitate integration into laboratory and clinical
workflows.

POLICY UPDATES/CLARIFICATIONS

Secondary findings vs. population and carrier screening

A significant amount of debate continues around the use of the
ACMG SF gene list for general population screening outside of its
intended use for opportunistic screening as part of clinical ES/GS,
and the ACMG has made it clear that the ACMG SF list was not
validated for general population screening.?” However, the ACMG
is supportive of continued research and discussions around the
factors to consider in population screening programs, such as
penetrance and genotype-phenotype correlations to examine the
efficacy of using such genomic screening in asymptomatic
individuals. As such, two new working groups, the Genomic
Screening of Asymptomatic Patients Working Group and the
Population Screening Working Group, have been established by
the ACMG to further evaluate this area and develop recommenda-
tions. The remainder of this policy statement pertains to SF.

Consenting and reporting practices

Ethical considerations continue to apply in the context of
sequencing tests that report SFs. The original policy was modified
to allow individuals to opt out of receiving SFs.>® There is some
evidence that laboratories vary in applying the “opt out” policy for
SFs, such as one study showing that 4 of 12 laboratories applied
the policy as an “opt in” mechanism.?* The opportunity for
individuals to make an informed decision and opt out,”® if desired,
at the time of consent continues to be supported by the ACMG
SFWG.

The best interest of the child is still prioritized when disclosing
risk for adult-onset conditions in minors® and should be
considered in the context of ethical considerations such as
individual autonomy, beneficence, and nonmaleficence. We also
recognize that SFs may be the only opportunity to identify a
potentially life-threatening genetic risk factor in the parents.
Whether to include SFs in the context of prenatal ES, typically
performed for the indication of a fetal anomaly, has not always
been clear. More recently, an ACMG points to consider document
has suggested that SFs should be discussed with the patient in
the prenatal setting as part of the pre-test informed consent
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discussion with the option of opting out of the reporting of these
variants.®'

Aspects of patient—provider communication regarding the scope
and implications of results from tests with the potential for SF return
are also important to highlight. For example, consent could include
discussion of applicable laws related to discrimination based on
genetic information. The gene—phenotype pairs suggested here are
a minimum set of recommendations and individual labs may decide
to modify or expand the scope of SF reporting. The consent
process should include discussion of the categories of reportable
gene-phenotype pairs related to the ACMG SF list.

Evidence is still limited for many genes regarding penetrance
estimates for individuals with P/LP variants in the absence of a
personal and/or family history of the condition. Consideration should
be given to the clinical context during results disclosure, and when
making related medical management recommendations. Conversely,
communicating the clinical significance can also be challenging
when no SFs are identified.>* Also, the possibility of identifying
somatic mosaicism as a SF should be considered and communicated
during consent and results disclosure conversations>*° It is
expected that results such as apparent somatic variants would be
followed up by genetic counseling, and possibly follow-up diagnostic
testing, to clarify the medical implications of the result. We note that
the clinical relevance of identifying somatic variants in asympto-
matic/presymptomatic individuals is still unclear and can be further
compounded when the proband is of an older age and more likely to
have variants associated with clonal hematopoiesis of indeterminate
potential (CHIP) as is the case with TP53. Additionally, there is the
possibility of a prior cancer and or cancer treatment, which can lead
to somatic mosaicism.

Policy recommendations.

® The SF list is intended as a “minimum list” of actionable
secondary findings.

® Providing the opportunity for an informed decision and opt
out, if desired, at the time of consent should continue to be
the standard for secondary findings.

® The option to receive SFs should be offered regardless of the
age of the patient. The best interest of the child should still be
prioritized when disclosing risk for adult-onset conditions in
minors.

® The option to opt out of SFs should also be presented to the
individual in the context of prenatal ES/GS.

® The consent process should include discussion of the
categories of reportable gene-phenotype pairs related to
the ACMG SF list.

® Thoughtful consideration of the context of a positive SF result
during results disclosure, and when making related medical
management recommendations, is necessary.

® If laboratories report apparent somatic mosaicism, the consent
process should address this.

® Pre-test and post-test genetic counseling should be provided
to any person receiving SF results in order to discuss the
types of possible results, limitations of testing, and medical
implications of any results.

Test types for reporting of secondary findings

The earlier ACMG policy statements were intended as recommen-
dations for reporting on a minimum gene list related to ES/GS."?
Neither policy statement explicitly considered the concept of
panel testing, including virtual panels with testing using an ES
platform and reporting out a select list of genes. One example of
this type of virtual panel is an “exome slice,” which is a custom
selection of a small number of genes to be reported from an ES
platform as the basis for generating sequence data. Some have
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advocated for reporting of ACMG SF genes tested on virtual
panels and exome slices.>73°

The working group discussed whether SF should be reported
from virtual panels and exome slices during an official meeting in
April 2019, and again at the time of manuscript preparation in
2020, and had the following perspective:

1. Consent: Documentation of informed consent may not be
obtained as routinely for targeted tests and panel tests as
compared to ES/GS. Nongeneticist providers may not be
familiar with the elements of informed consent for genetic
testing. This may result in individuals receiving SFs without
having been provided an adequate informed consent
process, or it may delay access to panel testing (e.g., in
order to arrange a separate consent visit).

2. Additional workload:

a. Reporting SFs based on panels and virtual panels would
create challenges in the laboratory by increasing the
workload beyond what is reimbursed. For example,
although a standard exome capture kit may collect data
from ACMG SF genes, utilizing that information requires
additional technical and clinical review steps by highly
skilled and trained individuals. A policy to provide SFs
from virtual panels could easily increase the workload
related to SFs severalfold.

b. Reporting SFs based on panels and virtual panels would
create challenges in the return of results. Some panels
may have good technical coverage for the entire list of
ACMG genes, whereas others may only include the
cancer genes, or the cardiovascular genes, and therefore
would not have the complete “minimum list.” This could
lead to misunderstanding about whether an individual
has been tested for the full list.

Among the recommendations in the initial ACMG statement
was their call for a national registry for SF testing and the
outcomes in those identified on the presumption that over time
some SFs would meet the performance characteristics that justify
their becoming primary targets of genetic screening.' In the
absence of such a registry, the number of SFs recommended to be
reported in ES/GS testing has grown, with few being removed
from the list based on experience in providing the results. Further,
the expectation of incrementally increased reimbursement for
inclusion of SFs has not been realized.

We also note that some laboratories are beginning to
incorporate mitochondrial DNA analysis into clinical ES, the results
of which can be complicated and burdensome to interpret (e.g.,
due to issues of heteroplasmy), and are thus currently beyond the
scope for return as SFs. Additionally, the recommendation to
return SF only applies in the clinical setting. The decision to return
SFs in a research setting is left to the research team and relevant
local institutional review board (IRB).

Policy recommendations.

® The SF recommendations continue to apply to the situation in
which a clinician orders ES/GS for a specific clinical indication,
as outlined in the original policy statement.’

® The original intent of the SF reporting process focused on
clinical ES/GS. Reporting of SFs is not expected as part of
ordered tests that are not genome-wide, such as virtual gene
panels or exome slices. However, if SF are reported from a
virtual panel or exome slice, it should be done to the same
specifications as would be done on ES (e.g., informed consent,
full SF gene list).

® Findings from mitochondrial DNA sequencing are outside the
scope of the current ACMG SF list.
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® The ACMG recommendation to return SFs only applies in the
clinical setting. Researchers, in consultation with their local
IRB, should decide on the appropriateness of return of SFs for
their study.

Policies related to technical detection of variants

Certain types of genetic variation can be difficult or impossible to
identify with current standard ES/GS, and that may affect the
decision about whether to include a gene in the SF list. In the
context of SFs, laboratories are asked to report opportunistic
information that is available secondary to the initial reason for
performing a diagnostic test. Some actionable genes may be
difficult to assess by ES/GS, so the sequencing data may have
suboptimal analytical sensitivity for some genes. Such genes may
also present challenges for the laboratory in using orthogonal
methods for confirmation, as discussed below.

Poor candidates for secondary findings, due to concerns about
analytical validity, include:

a. Genes with one or more associated pseudogenes, and
genes with homologous sequences predisposing to
recombination and gene-conversion events. Complex
genomic architecture may complicate detection of var-
iants from ES/GS. One example is CYP21A2 related to
congenital adrenal hyperplasia (OMIM 201910). Labora-
tories should not be expected to develop a specific
orthogonal test to determine if observed variants are in a
gene versus a pseudogene when reporting a SF. Therefore,
the SFWG will not recommend inclusion of genes on the
SF list when homology precludes the ability to perform
orthogonal confirmation.

b. Many genes/variants related to pharmacogenetic (PGx)
phenotypes. While there is likely clinical utility in using
PGx test results in drug therapy decisions in specific
situations, there are significant difficulties for the labora-
tory to report these variants from standard ES/GS testing.
This problem arises from three issues: (1) many of the
clinically relevant variants reside in intronic regions that
are not captured using current standard reagents, and/or
are repeat polymorphisms that are not well-resolved by
ES; (2) for some genes and variants there is still
controversy regarding genotype-driven pharmacotherapy;
(3) PGx genotyping often requires testing multiple
positions/regions and types of variation within the same
gene, complicating the analysis and reporting (e.g.,
CYP2D6 which includes single-nucleotide polymorphisms
[SNPs] and a duplication).

c. Genes where intragenic exon-level copy-number variants
(CNV) (deletion or duplication) is a frequent cause of
disease. Such genes can also be problematic for many
laboratories to identify using standard ES. For example,
approximately 20-25% of cases suspected of having a P
variant in MSH2, but with negative MSH2 sequencing, have
an EPCAM exonic deletion, and would be missed by
laboratories that cannot assess CNVs from their ES data.*°
This can lead to misunderstanding about whether
causative variants have actually been assessed as part
of SFs.

Policy recommendations.

® The SF list should only include genes where it can be
anticipated that the majority of clinically relevant variant(s) are
routinely detectable on standard clinical ES/GS, and can be
confirmed by standard orthogonal methods.

® Laboratories should not be expected to develop a specific
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orthogonal test to determine if observed variants are in a
gene versus a pseudogene when reporting a SF.

® Although we understand that some genes/variants are
excluded from the list due to technical limitations of ES that
may not be limitations of GS, we do not recommend a
minimum list that differs between ES and GS.

Positive predictive value (PPV)

The SF list is targeting the identification of variants with high PPV
by selecting genes such that reporting of P/LP variants in those
genes has a high chance of indicating the presence of clinical risk.
Of course, reduced penetrance must be taken into account. At the
level of analytical validity, we want to avoid situations, such as
the presence of pseudogenes, that would affect the PPV at the
analytical level. In terms of clinical validity, we also want to
minimize the situation of having a low PPV due to low penetrance.
This latter point also distinguishes SF from newborn screening
(NBS) results where clinical sensitivity is paramount. The SF
list is not a replacement for a clinically indicated diagnostic or
screening test.

Actionability

The actionability of a gene-phenotype pair needs to be considered
in the context of several factors related to the intervention and
evidence base. Although not a requirement for the SFWG, in many
cases we consider the results of curations performed by the ClinGen
Actionability Working Group related to selection of genes for the
ACMG SF list*'*? Generating consensus scores on actionability
that account for both effectiveness and the nature of the
intervention can be challenging. Thus the intervention which might
be more effective in eliminating the harm (e.g., risk-reducing surgery)
gets a lower overall actionability score compared to the intervention
which is less effective in eliminating the harm but is also less
burdensome and invasive (e.g, breast cancer surveillance). In
addition, the available knowledge base among disorders varies
significantly, with some disorders having substantial evidence of
clinical actionability (e.g., hereditary breast and ovarian cancer), while
others have limited evidence (e.g., hereditary paraganglioma-
pheochromocytoma syndrome).

Policy recommendations.

® The SF list will continue to be a minimum list of genes that are
focused on results that are considered medically actionable by
criteria defined by current standards of care.

Variant classification based on ACMG/AMP policy

The original policy statement stated that reporting should include
“only variants that have been previously reported and are a
recognized cause of the disorder or variants that are previously
unreported but are of the type that is expected to cause the
disorder.”" The list of genes indicated reporting of KP or EP
variants. In this policy update, we have incorporated the variant
classification terms to reflect current norms. Prior to recommend-
ing this change, we reviewed the available literature pertaining to
the question of how closely the category of LP reflects “expected
pathogenic” in actual practice.

The ACMG/AMP guidelines for variant classification defined
“likely” in the LP category to be a 90% confidence threshold for
the pathogenicity of a given variant-phenotype pair based on the
underlying evidence. Although little data were available at the
time to validate this theoretical threshold, analyses of variant
reclassification in the time since the publication of these guide-
lines indicate that current usage of the LP category is in line with
this original threshold. For example, one study interrogated all
variant interpretation records submitted to ClinVar over the period
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of January 2016 to July 2019 to determine the proportion of LP
variants that had been reclassified. This analysis showed that only
4,501 ClinVar variants (0.8%) were reclassified; of these, 91.9%
moved to a more certain category while 8.1% moved to a less
certain category (i.e, downgraded). Of the 796 LP variants that
were reclassified during this three and a half year period, 83.8%-
99.1% of LP classifications were upgraded to P, depending on
categorization or inclusion of LP to VUS reclassifications.*?

We also considered that a primary goal of reporting SFs is to call
attention to the presence of actionable variants that could result
in a severe medical event. The current data suggest that reporting
of LP variants as a whole would more often achieve this goal, as
the risk of failing to report a truly actionable LP variant outweighs
the risk of infrequently reporting an LP variant that might later be
downgraded. In the interest of setting a conservative threshold for
reporting novel variants as SFs, the SFWG considered the idea of
only reporting LP variants that are predicted loss-of-function (i.e., a
PVS1 point could be awarded), but preferred to maintain
consistency with the existing rules for variant interpretation.?
We also note that current ACMG/AMP guidelines set a high bar for
novel missense variants to be classified as LP. We also acknowl-
edge that the recommendation to include LP variants will
necessitate classification of novel missense variants in SF genes,
increasing the burden on laboratories. The balance of this burden
against the duty to report truly actionable SFs is a driving force
behind the SFWG's philosophy to constrain reporting of SFs to a
minimum list of genes with strong consensus evidence supporting
pathogenicity and actionability.

Based on these data and considerations, the SFWG determined
that the likelihood that a variant reported as LP would be later
reclassified to VUS is relatively low, and to update the policy to
recommend reporting of all LP and P variants for the diseases and
genes on the SF list. In the balance, reporting variants that reach a
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level of LP or higher is more likely to result in providing
information that is actionable, and less likely to result in a “false
positive.” Although a small proportion of variants returned as LP in
these genes may be downgraded with future evidence, the SFWG
consensus is to err on the side of reporting these variants, so that
future decision-making surrounding these variants can involve the
clinicians, patients, and participants directly impacted by these
decisions as variant evidence evolves. However, we do note the
current lack of standardized recommendations addressing the
frequency and burden of variant reclassification, with hopes that
this updated SFs policy will encourage the development of
reclassification standards.

Policy recommendations.

® Unless otherwise specified in the ACMG v3.0 SF list, all variants
that are classified as P or LP according to ACMG/AMP standards
and guidelines should be reported as SFs. Describing variants
using the terms ‘KP’ and ‘EP’ is obsolete in the context of SFs.

® \Variants classified as VUS, LB, and B should not be returned in
the context of SFs.

® This policy recommendation should not be considered retro-
active to testing performed prior to adoption of the SF v3.0 list,
and laboratories should not be expected to revise clinical
reports based on earlier versions of the list in order to add
variants that did not previously meet the reporting threshold.

Scope of genes/variants for reporting as secondary findings

A specific variant as a secondary finding. The minimum gene list
originally mandated by ACMG was intended to be composed of
genes conferring phenotypes that have the characteristics
described in Table 1.

Table 1. Criteria for considering genes for the SF list.

Variable Favorable

Unfavorable

Technical (detection at gene level)

the laboratory methods)

Relevant variants routinely detectable on standard
clinical ES/GS (without requiring customization of

Technical limitations prevent/severely limit the
ability to detect the majority of P/LP variation (e.g.,
would require detection of noncoding variants,
construction of haplotypes, or detection of CNVs
that are not part of routine ES/GS workflow)

Additional clinical or laboratory
testing (excluding orthogonal
sequencing test)

Clinical presentation

Morbidity and mortality

Penetrance

Actionability

Additional approaches for a clinical (e.g., diagnostic
imaging) and/or laboratory (e.g., biochemical test)
diagnosis are available once the SF is reported

Clinically silent prior to high morbidity or mortality.
Onset of signs and symptoms are acute, and
presence of risk may be unknown to the individual
prior to onset of the symptoms or medical event.
Preventative measures and/or treatments are
available and/or individuals with P variants might be
asymptomatic for a long time.

Onset may occur in children and/or adults

Higher morbidity and/or mortality, and/or disorders
in which earlier detection reduces long-term
mortality

Conditions with higher lifetime penetrance

A medical intervention is available (e.g., medical or
surgical intervention, surveillance). Also, cost of
intervention, and patient access, is not considered.

Additional approaches for a clinical and/or
laboratory diagnosis are not available.

A condition that presents with signs and/or
symptoms in early stages of the disease that, even
if they are nonspecific, should prompt a diagnostic
workup, potentially to include genetic testing.

Lower morbidity and/or mortality

Conditions with lower, uncertain, or unknown
lifetime penetrance

Lifestyle changes (e.g., avoidance of smoking), are
not considered medical interventions as defined
here. Extreme burden of intervention may be
considered unfavorable.

(SFWG) reached a consensus.

We consider both childhood- and adult-onset phenotypes. Disease prevalence is not a deciding factor (actionable conditions are considered regardless of
rarity). The existence of clinical practice guidelines is not considered. Genes are included when the ACMG Secondary Findings Maintenance Working Group

CNV copy-number variant, ES/GS exome or genome sequencing, P/LP pathogenic/likely pathogenic, SF secondary findings.
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In keeping with the original ACMG policy, the SFs list will
generally continue to include entire genes for reporting. We also
acknowledge that there are situations where the medical
actionability is related to a specific variant, or class of variants,
rather than the whole gene. An example of a specific reportable
variant is homozygosity for HFE p.Cys282Tyr. Data from larger
studies with lower likelihood of ascertainment bias suggests that
penetrance for severe liver disease is 10-24% in male homo-
zygotes, and that penetrance is driven by the p.Cys282Tyr variant,
and not other variants in HFE**** These data supported the
decision to include homozygosity for this variant on the ACMG
v3.0 SF list.*® As another example, TTN-truncating variants (TTNtv)
achieve a PVS1 point using the ACMG/AMP classification system,
and are a common genetic cause of dilated cardiomyopathy,
whereas missense variants in TTN very rarely cause disease.*’"*® In
addition, TIN is the largest known human gene, and a
requirement to evaluate every missense variant in TTN would be
burdensome and currently have low clinical utility. The inclusion
of individual variants, or a class of variants, for return in a given
gene strikes a balance between optimizing the identification of
actionable genetic information for the benefit of the patient and
the burden for reporting by diagnostic laboratories.

Policy recommendations.

® The SFs list will continue to include P/LP variants, primarily
from entire genes, for reporting, and we will also consider
situations where the actionability is related to a specific
variant, or class of variants.

Including genes based on positive predictive value and penetrance.
The original version of the ACMG SF recommendations did not
define a penetrance threshold, but stated that the list was
generally intended to be “a minimum list that is weighted toward
conditions for which penetrance may be high.”' The SF list is
targeting the identification of variants with high PPV by selecting
genes such that reporting of P/LP variants in those genes has a
high chance of indicating the presence of clinical risk. Of course,
reduced penetrance must be taken into account. At the level of
analytical validity, we want to avoid situations, such as the
presence of pseudogenes, that would affect PPV. In terms of
clinical validity, we also want to minimize the situation of having
a low PPV due to low penetrance. This latter point also
distinguishes SF from NBS results where clinical sensitivity is
paramount.

European SF recommendations (cancer only, excluding pediatric-
onset genes) stratified penetrance estimates, with the risk of
developing the phenotype >40% weighted most highly.*”® The SFWG
is mindful of the potential burdens from the return of lower
penetrance P/LP variants on individuals receiving the results, and the
health-care system in general, although some studies suggest that
any negative impact is minimal, and cost to the health-care system is
modest?' Also, our goal of maintaining a minimum list argues
against inclusion of lower penetrance gene-phenotype pairs.

Penetrance may be age-, phenotype-, sex-, gene-, and environ-
ment-dependent; stochasticity likely also plays a role. Penetrance is
also variable among different genes causing the same phenotype,
and among variants within those genes, in part due to difference in
genomic background. Penetrance for many germline cancer risk
genes,”® and noncancer genes,’' are overestimates because of their
ascertainment from families affected by the disorder. For many
genes, penetrance estimates will decrease over time with the
availability of data sets that are larger and consist of more diverse
populations, and are consequently less susceptible to ascertainment
bias. Thus, whenever possible, we used lifetime penetrance estimates
derived from larger cohorts that were sequenced regardless of
phenotype (i.e, ascertained by genotype). We also considered
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penetrance in the context of other variables, such as severity of
phenotype and availability of an intervention, precluding our ability
to set a strict penetrance threshold. Finally, we incorporated
information from the ClinGen Actionability WG reports into our
assessment, and the ClinGen Actionability scoring system includes
prevalence of clinical manifestations in the metric. This represents a
second way that the SFWG accounted for penetrance.

Policy recommendations.

® We recommend avoiding inclusion of gene-phenotype pairs
with uncertain or lower penetrance estimates to reduce the
number of individuals receiving a SF since this could
necessitate surveillance among many individuals where most
would never develop disease.

® Preference will be given to gene-phenotype pairs with a
higher likelihood that the individual will manifest the
phenotype associated with that gene.

® Selection of gene-phenotype pairs will also consider the
availability and burden of surveillance/intervention recom-
mendations.

® Information about penetrance will ideally be collected from
databases inclusive of diverse populations.

SF list versioning. The SFWG has agreed on nomenclature to
support versioning of the SF list, reflecting both major and minor
revisions. Major revisions could be necessary due to substantive
changes in process and/or in the number or type of
gene-phenotype pairs recommended for reporting. A major
revision will be denoted by changing the version number to the
next integer (v3.0, v4.0, etc.). Minor revisions reflect addition or
removal of one or a few genes or variants and will be denoted by
changing the number after the decimal point (v3.1, v3.2, etc.). The
ACMG BOD has approved this versioning nomenclature.

Policy recommendations.

® We recognize the tendency in the community to refer to the
SF list based on the number of genes, but recommend
referencing the list using the version numbering system to
reduce confusion.

® |aboratories should not be expected to revise an already
issued clinical report for the purpose of updating the report to
include genes/variants that pertain to a version of the SF list
that is more recent than the version of the SF list that was
current at the time of clinical testing.

CONCLUDING REMARKS AND FUTURE DIRECTIONS

The ACMG SFWG process for the nomination and review of genes for
addition to, or removal from, the SF list takes several key factors into
consideration to optimize the benefit to patients, while weighing the
burden on laboratories and clinicians for reviewing and disclosing
these results (Fig. 1). As highlighted above, nominated genes should
be medically actionable, have a clear phenotype associated with
disease-causing variants, have serious medical implications for at
least one of the phenotypes associated with the gene, and be
associated with a highly penetrant phenotype. The various types of
data collected and evaluated by the SFWG for a nominated gene are
included in Table 1.

It is important to note that the ACMG SF gene list is intended to
be a minimum list for the return of SFs that have a high likelihood
for reducing morbidity and mortality, and not an inclusive list for
any genetic result that could be actionable. We recognize that
laboratories may choose to add additional genes to the ACMG SF
minimum list.
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Fig. 1

Evaluation process for genes nominated for addition to, or removal from, the American College of Medical Genetics and Genomics

(ACMG) secondary findings SF list. This diagram summarizes the ACMG Secondary Findings Maintenance Working Group (SFWG) process for
nomination and consideration of genes potential inclusion on the v3.0 SF list. The SFWG referred to lists from other groups assessing
actionability of genes along with gene-phenotype pairs considered for previous versions of the SF list. Candidate genes were triaged by SFWG
subgroup members to prioritize genes based on the strength of available evidence, and nomination forms were created for those prioritized
gene-phenotype pairs. All completed nomination forms, either from SFWG members or the community, were discussed by the full SFWG. All
gene-phenotype pairs were assessed based on the criteria described in Table 1.

Considerations for future additions to the ACMG SF list that
broaden the scope of the current list continue to be topics for
discussion, including pharmacogenomic variants, and conditions
that have insidious onset or are hard to diagnose. The SFWG
encourages the submission of gene nominations for consideration
that are outside of the current focus of the SF gene list to
capitalize on opportunistic genomic screening to detect disease
earlier or prevent it from ever occurring, offering increasing
benefits as part of patient care.

Looking forward, the SFWG encourages continued nominations
from the ACMG community, but now also invites other profes-
sional organizations to engage in the nomination process. In
addition, to better inform our evaluation process, we encourage
research efforts to assess the medical, legal, ethical, and/or
economic impact of SFs. We also anticipate that the availability
of genotype-first data from an increasing number of large
population-based studies will help to inform our future review
processes by providing more unbiased estimates of penetrance.
Therefore, we recommend that data be collected, aggregated, and
openly shared to support future iterations of the SF list and inform
decisions of whether primary genetic screening for any seem
appropriate.

Finally, the SFWG recommends that the ACMG SF gene list be
updated annually, with intervening updates if any critical changes
are identified that could impact patient care. If new information
emerges about any gene on the list, ACMG members, or other
healthcare professionals, are encouraged to submit that informa-
tion to the SFWG for immediate consideration. Given the rapid
evolution of information related to gene-phenotype relationships
and advances in therapy, it is expected that genes that were not
approved for addition to the list could be candidates for future
addition with new data.

In conclusion, the SFWG encourages community feedback in
the form of nomination of genes. We present this policy to clarify
our process for the review of genes and variants for inclusion/

Genetics in Medicine (2021) 23:1391-1398

removal from the ACMG SF list. We will continue to evaluate the
factors that influence our decisions, as outlined in Table 1, and
inform our updates with an evidence-based approach whenever
possible. We will plan to update this policy as needed, and give
careful consideration to all stakeholders, most importantly the
individuals who may benefit from learning about actionable
genetic information.
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