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Management of Secondary Genomic Findings

Alexander E. Katz,1,9,* Robert L. Nussbaum,2,3 Benjamin D. Solomon,4 Heidi L. Rehm,5,6,7

Marc S. Williams,8 and Leslie G. Biesecker1

Secondary genomic findings are increasingly being returned to individuals as opportunistic screening results. A secondary finding offers

the chance to identify andmitigate disease that may otherwise be unrecognized in an individual. As a form of screening, secondary find-

ings must be considered differently from sequencing results in a diagnostic setting. For these reasons, clinicians should employ an eval-

uation and long-termmanagement strategy that accounts for both the increased disease risk associated with a secondary finding and the

lower positive predictive value of a screening result compared to an indication-based testing result. Here we describe an approach to the

clinical evaluation andmanagement of an individual who presents with a secondary finding. This approach enumerates five domains of

evaluation—(1) medical history, (2) physical exam, (3) family history, (4) diagnostic phenotypic testing, and (5) variant correlation—

through which a clinician can distinguish a molecular finding from a clinicomolecular diagnosis of genomic disease. With this frame-

work, both geneticists and non-geneticist clinicians can optimize their ability to detect andmitigate genomic disease while avoiding the

pitfalls of overdiagnosis. Our goal with this approach is to help clinicians translate secondary findings into meaningful recognition,

treatment, and prevention of disease.
Introduction

A secondary finding is defined as a genomic variant of po-

tential medical value that is unrelated to the primary

reason for testing. The American College of Medical Ge-

netics and Genomics (ACMG) has issued recommenda-

tions for the reporting of secondary findings in clinical

exome and genome sequencing.1,2 The current recom-

mendations include a minimum list of 59 genes associ-

ated with genetic disease (ACMG59) in which variants

identified by clinical sequencing are recommended to

be returned to tested individuals.3 The overarching ratio-

nale for returning these variants is that they can be

associated with an unrecognized risk for serious heritable

disorders and are typically poorly ascertained by the

health care system, yet there are medical interventions

that should reduce the associated morbidity and mortal-

ity.4–6 While there is some variability among clinical

laboratories, standard practice is that only pathogenic or

likely pathogenic variants, and not variants of uncertain

significance (VUS),7 are returned as secondary findings.

An estimated 1%–4% of all individuals harbor a

secondary finding.8–15 Beyond clinical exome or genome

sequencing, returning variants identified in clinical

research sequencing is becoming more common16 and

some research-based sequencing programs opt to return

secondary findings in more extended gene lists.15,17

With the increasing use of exome and genome

sequencing, the number of people who have a secondary

finding returned to them is expected to rise. Clinicians

across different specialties will increasingly need to

manage individuals with these findings.
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While the disorders represented in the ACMG59 list are

all well characterized, there are no published guidelines for

how to best manage an individual who presents with a sec-

ondary finding. Clinical decision aids for certain condi-

tions have been developed by the ACMG in the form of

ACT sheets (Table 1), which were modeled after the ACT

sheets available for newborn screening results. These

straightforward, rapid-decision-making tools are necessary

for newborn screening scenarios because time to diagnosis

and initiation of intervention is critical.18 For secondary

findings, additional guidance geared toward comprehen-

sive evaluation and management is needed. The

assumptions of the original ACMG secondary findings rec-

ommendations were that a clinician would employ a

generalization of the approach typically used for family-

based cascade testing.19,20 However, this is complicated

by the fact that in family-based cascade testing, the

genomic variant is originally identified in a relative

affected with the disease, which increases the likelihood

that the individual who undergoes the cascade testing

actually has the disorder. Secondary findings, by contrast,

are described as ‘‘opportunistic screening’’21 based on the

assumption that the individual may not have a recognized

personal or family history of the associated disorder. As a

general principle, the positive predictive value of a

screening test result is often much lower than the same

result in a diagnostic testing setting.22 This concept has

been addressed quantitatively regarding genetic testing re-

sults.23 If a secondary finding is identified in an individual,

the clinician has gained information on disease risk and

the key next step is to perform a judicious evaluation
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Table 1. Key Resources for Providers of Individuals with Secondary Findings

Resource URL Description

ACMG ACT Sheet https://www.acmg.net/ACMG/
Medical-Genetics-Practice-Resources/
ACT_Sheets_and_Algorithms.aspx

algorithmic description of short-term actions a provider can take in the
management of an individual with a subset of ACMG59 disorders;
prepared by ACMG working group

Clinical Genome Resource
(ClinGen), Actionability

https://clinicalgenome.org/curation-
activities/clinical-actionability/

summaries of actionability assessments for genetic disorders, including
evidence pertaining to penetrance of disease features and outcomes
associated with specific interventions; reports and scoring provided by
the ClinGen pediatric and adult actionability working groups

Clinical Genome Resource
(ClinGen), Gene-Disease
Validity

https://clinicalgenome.org/curation-
activities/gene-disease-validity/

aggregation of evidence available for the association of a gene with a
given disorder; strength of evidence assessed by the ClinGen gene-
disease validity working group

GeneReviews http://www.genereviews.org point-of-care resource for clinicians, written by experts on the specific
condition and subject to peer review prior to publication; focus is on
genetic disorders

National Comprehensive
Cancer Network (NCCN)

https://www.nccn.org/ practice guidelines from alliance of cancer centers to guide decision
making in the management of cancer, including suspected cancer
predisposition syndromes

UpToDate https://www.uptodate.com/ point-of-care resource for clinicians, written by experts on the specific
condition and subject to peer review prior to publication
that properly recognizes the probability of disease. In do-

ing so, the clinician will also minimize overtreatment or

overtesting of individuals.24,25 For these reasons, a stan-

dardized approach to a person presenting with a secondary

genomic finding is needed.

The approach focuses on an adult who presents with a

chief complaint of having had a secondary finding in an

ACMG59 gene identified by a clinical genetic testing lab

(see Secondary Findings in Children for a discussion of nu-

ances related to the pediatric setting). This scenario may be

encountered by a primary care physician, geneticist, or

other specialist and we have outlined a process by which

clinicians can decide what portions of the evaluation to

do themselves and when to refer. This is meant to suggest

a thoughtful, measured approach that balances the risks of

overdiagnosis and overutilization of healthcare resources

with the opportunity to accomplish the end objective of

secondary findings return: to avoid preventable serious

harms or death from genetic disease.

Definitions

Thinking about a secondary finding requires an apprecia-

tion of the distinction between the mere presence of a

genomic variant and the clinical diagnosis of disease.

There is a growing understanding of the difference be-

tween the pathogenicity of a genetic variant and the pres-

ence of a genetic disease.26,27 This is a familiar concept in

medicine. A hematocrit or hemoglobin result below the

reference range is not equivalent to a clinical diagnosis of

anemia, but rather a data point that can be used and

contextualized to help make a clinical diagnosis. Some-

times, a single result from a CBC is sufficient to make the

diagnosis, while in other instances an abnormal result

from a CBC is only a risk factor and is not a diagnosis.

While there are many differences between a CBC and a

genomic sequencing test, this same concept of contextual-
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ism exists for both. Clinicians are accustomed to consid-

ering the context in which any clinical result is obtained,

but genomic results can pose a challenge. A lack of famil-

iarity with genomics among non-geneticist clinicians

may make them feel unprepared to use these results in

their practice.28 Even among clinicians with genetics

expertise, there is a lack of consensus as to how to interpret

genetic information, which makes the application of ge-

netic information obtained via opportunistic screening

challenging.29 In an effort to clarify the distinction be-

tween a genomic finding and a disease, we propose to

define the following terms as applied to the ACMG59:

d Molecular finding: the presence of a secondary

genomic finding (regardless of the clinical presenta-

tion).

d Clinical finding: the presence of a detectable pheno-

type compatible with the disease associated with a

given gene.

d Clinicomolecular diagnosis: the presence of a corre-

lated clinical and molecular finding by the above def-

initions.

Domains of Clinical Evaluation

A secondary finding is initially a molecular finding that re-

quires a thorough clinical evaluation, the results of which

determine further management (Figure 1). This evaluation

can be organized into five domains. The entire evaluation,

which may not necessarily be completed by a single clini-

cian, includes the information necessary for risk stratifica-

tion and further management. The five domains of evalu-

ation mostly overlap with those that are used every day by

clinicians:

d Medical history

d Physical examination

https://www.acmg.net/ACMG/Medical-Genetics-Practice-Resources/ACT_Sheets_and_Algorithms.aspx
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d Family history

d Diagnostic phenotypic testing

d Variant correlation

Any clinician should be able to initiate the evaluation

process, while some of the steps, such as variant correla-

tion, aspects of the family history, or diagnostic pheno-

typic testing, may require genetics or other specialty exper-

tise. Several resources are available to guide clinicians in

disease-specific aspects of each domain of clinical evalua-

tion (for examples, see Table 1). As discussed below, the

consideration of a referral will depend on the clinician’s

comfort and the results of the initial evaluation.

Medical History

The medical history refers to the personal medical history

and is similar to that which a clinician would perform if

the patient presented with a history of a close relative

with the associated disorder: targeted questions based on

the expected phenotype, such as a detailed cardiovascular

system history for an individual with a secondary finding

in a gene associated with hypertrophic cardiomyopathy.

Themedical history in this context includes current or pre-

vious signs, symptoms, and diagnoses and the relevant re-

sults of any prior evaluations the individual may have had.

Resources are available to help any clinician determine

which targeted questions should be asked (Table 1).

Physical Examination

The physical examination is a standard part of a clinician

encounter. Particular attention should be given to the sys-

tem(s) most likely to be affected by the disorder in ques-

tion. A clinician can refer a patient to a specialist to com-

plete an aspect of the physical examination if needed

(e.g., a referral to dermatology for closer evaluation of a

skin lesion in an individual with a secondary finding in

TSC1 [MIM: 191100]).

It is important for the clinician to recognize that a his-

tory and/or physical examination that is positive for find-

ings of the disorder is highly predictive of a clinicomolec-

ular diagnosis. In contrast, for many genetic disorders a

negative history and physical examination is poorly pre-

dictive of the absence of a clinicomolecular diagnosis.

This is a consequence of the fact that most of the disorders

that were selected for the ACMG59TM often exist in asymp-

tomatic or unrecognized forms for decades in affected indi-

viduals, which highlights the value of the opportunistic

genomic screen.

Family History

A detailed family history (beyond what is typically

included in a general history and physical examination)

is a key element of the evaluation. As is standard practice

during a genetics evaluation, the family history should,

at a minimum, ask for what is known about each first-

and second-degree family member of the presenting indi-

vidual (typically represented on a three-generation pedi-
T

gree that includes the person undergoing evaluation).

The family history should also include targeted questions

about family members, where the specific questions asked

depend on the suspected disorder. A molecular finding

may prompt identification of previously unrecognized or

underappreciated diseases or unclear incidents in family

members, such as a drowning accident in the family his-

tory of a person with a secondary finding associated with

sudden cardiac death susceptibility.8

For all adult first-degree relatives (regardless of clinical

history) and any additional family member with signs or

symptoms corresponding to the expected phenotype, an

effort should be made to verify the presence or absence

of the variant. While there are often logistic challenges

involved, it is important for the clinician to convey the

importance of the family history and variant status of fam-

ily members. In-depth evaluations of large families are

likely beyond the remit of the primary care provider or

non-geneticist specialist (see Referrals). As is true for the

history and physical examination, the clinician must be

aware that the family history is often negative for overt

manifestations of these disorders, even in families where

the disorders are present.

Diagnostic Phenotypic Testing

For each secondary finding gene, there is recommended

diagnostic testing (Table S1). Additional testing beyond

the options provided here can be considered based on

specific signs and symptoms uncovered during the evalu-

ation. However, even in the case of a completely asymp-

tomatic individual with no relevant medical or family his-

tory, there is a recommended minimum amount of

testing that should be obtained. The tests listed include

some redundancy and overlap (such as both echocardiog-

raphy and cardiac MRI for cardiomyopathies) and should

be interpreted as the options available to obtain the

necessary information for this domain of the clinical

evaluation.

The recommended diagnostic testing is an aggregation

of our assessment of best practices based on available

practice guidelines and expert reviews (Table 1). It is

important to emphasize that practice guidelines focus

on individuals expressing signs and symptoms of disease,

and therefore the diagnostic testing options are derived

from a generalization of recommendations for individuals

who have one or more unambiguously affected family

members. Evidence for best practices regarding genomic

variants identified in an unselected population is limited,

and therefore the recommendations presented here are

meant to be reviewed and updated as more data about

the clinical yield of secondary findings are collected.

The presenting individual may require additional testing

as appropriate based on the specific personal or family his-

tory. While certain phenotypic tests require specialty

consultation (such as electrophysiology-guided pharma-

cologic provocation testing), the decision for which tests

are ordered or interpreted by a primary care provider,
he American Journal of Human Genetics 107, 3–14, July 2, 2020 5
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Figure 1. Domains of Evaluation and Work-
flow for Clinicians
(A) The five domains of evaluation to be ad-
dressed by clinicians for an individual with a
secondary genomic finding. Findings suggestive
of the phenotype in the personal history, phys-
ical exam, or diagnostic phenotypic testing
make a clinicomolecular diagnosis highly likely.
A family history consistent with the expected
phenotype makes a clinicomolecular diagnosis
highly likely in the affected family member,
but confirmation may require an in-depth fam-
ily evaluation with cascade-based targeted
variant testing by a geneticist. The variant
correlation is not sufficient by itself to
establish a clinicomolecular diagnosis but is
crucial to the ultimate risk assessment. The
long-term management of individuals is depen-
dent on whether a clinicomolecular diagnosis is
present. If no clinicomolecular diagnosis is
made, then the clinician will make a risk
assessment guided by the disease categories
(Table S1).
(B) When the initial presentation is to a primary
care provider (PCP) or other non-geneticist
specialist, the clinician can perform an evalua-
tion encompassing themedical history, physical
examination, and family history and can in
many cases initiate the process of diagnostic
phenotypic testing. Once this has been
completed, the appropriate next step is to refer
the person to a clinician with genetics expertise.
This may be a general genetics clinic or a rele-
vant subspecialty clinic (e.g., a hypertrophic car-
diomyopathy clinic). The exact timing of the
referral to a geneticist or subspecialist depends
on the results of the initial evaluation per-
formed by the referring clinician and practical
considerations of finding and accessing spe-
cialty care. The geneticist or genetically expert
subspecialist should perform the variant correla-
tion and complete any necessary phenotypic
testing. A genetics clinic is often best equipped
to address complexities regarding the inheri-
tance of a variant (including issues pertaining
to potential mosaicism, de novo occurrence,
parent-of-origin effect, or non-paternity) and
initiate the process of family-based cascade
testing for the presence or absence of the variant
among family members.
(C) If a person presents to a geneticist or disease-
specific subspecialty clinic, the clinician can
perform the five domains of evaluation
(including the variant correlation). Subspecialty
consultation may be required for some of the
recommended diagnostic phenotypic testing,
but this process can be initiated by the clinician.
For a person who initially presents to a subspe-
cialist, the recommended workflow will depend
on the subspecialist’s genetics expertise and
experience with the disorder associated with
the secondary finding. A general cardiologist
encountering an individual with a secondary
finding in MYH7 will likely choose to refer that

individual to a geneticist or to a hypertrophic cardiomyopathy clinic (where such clinics are available). If that person seeks care directly
with a hypertrophic cardiomyopathy clinic then a referral to a geneticist may not be necessary.
geneticist, or specialist is generally dependent on the cli-

nician’s own expertise, familiarity, and comfort with the

applicable genetic disorder.
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Variant Correlation

The variant correlation is a domain of the secondary find-

ings evaluation that requires genetics expertise (not



expected to be done by a primary care provider or other

clinician not trained in genetics). While the clinical testing

laboratory provides a formal pathogenicity assessment, the

genetics clinician needs to perform their own review tak-

ing into account the patient’s completemedical and family

history (to which the lab may not have access). Formal

pathogenicity assessments have become more standard-

ized, but discordance among clinical labs persists.30–32

Based on current tools and data availability, a clinician’s

analysis should include three key steps. First, the clinician

should review assessments of that variant in the ClinVar

database, the most widely accepted database for submis-

sion of variant interpretations. If the variant is present in

ClinVar, the clinician can review the quality of evidence

used by different groups assessing pathogenicity, particu-

larly if there are conflicting interpretations of that variant.

Second, the clinician should review what is known about

the penetrance of the disorder (Table 1). GeneReviews con-

tains a section on penetrance for all ACMG59 disorders.

The Clinical Genome Resource (ClinGen) contains evi-

dence for gene-disease associations and actionability as-

sessments including the penetrance of specific disease fea-

tures. Third, the clinician should appreciate the difference

between a likely pathogenic and a pathogenic secondary

finding. A likely pathogenic interpretation implies a small

but significant degree of uncertainty regarding the evi-

dence base. A likely pathogenic variant is defined as having

a 90%–99% probability of pathogenicity compared to

>99% probability for a pathogenic variant.33 While only

a small proportion of existing likely pathogenic variants

have been re-classified to uncertain significance to date, a

clinician should be cognizant of this possibility as well as

the variant reclassification process in general.34

Reviewing evidence and literature about a specific gene

or variant is a daunting task that requires specific expertise

and knowledge and it is unreasonable to expect clinicians

to conduct a comprehensive review. However, the three

steps listed above are enough for a general sense of what

is known about the variant, particularly if there is alterna-

tive evidence or reason to question the disease-causing na-

ture of the variant in the presenting individual. The pri-

mary goal of this domain of evaluation is not to question

the clinical lab’s formal pathogenicity assessment, but

rather for the clinician to correlate that assessment with

the clinical implications of the gene, variant, and disorder

with the presenting individual to make a clinicomolecular

diagnosis. It is also important to relay that information

back to the laboratory to maintain an updated pathoge-

nicity assessment of the variant.

Referrals

A person with a secondary finding may present to a genet-

icist, to a primary care provider, or to a subspecialist

(Figure 1). Any clinician can initiate the evaluation,

though a referral to a clinician with genetics expertise

will ultimately be appropriate. The exact timing of the

referral to a geneticist or subspecialist depends on the re-
T

sults of the initial evaluation performed by the referring

clinician and practical considerations of finding and ac-

cessing specialty care. Diagnostic phenotypic testing may

require specialty consultation as well. It is our expectation

that individuals will require a multi-disciplinary approach

for an adequate evaluation across all five domains.

Following this evaluation, longitudinal follow-up should

generally be coordinated by a clinical geneticist but some

primary physicians or specialists with genetics expertise

may be able to fulfill this role as well.

Risk Assessment and Longitudinal Care

A comprehensive evaluation that addresses all five do-

mains is necessary for all individuals with secondary find-

ings, with the results considered collectively to make an

overall assessment of the clinicomolecular diagnosis and

determine a follow-up plan. The ACMG59 diseases are

well characterized with available practice recommenda-

tions (Table 1). A person with a secondary finding who is

determined to have a clinicomolecular diagnosis should

be managed according to these recommendations by a

geneticist or disease-specific subspecialist.

If the medical history, physical examination, and clin-

ical diagnostics are negative but there are positive findings

in the family history (with these findings either verified by

targeted variant segregation analysis or highly specific for

the disease if variant segregation is not able to be done),

then the person would be followed longitudinally as an

‘‘at-risk’’ family member of an affected individual accord-

ing to the disease-specific guidelines. For example, hetero-

zygous pathogenic variants in ACTA2 (MIM: 611788) are

associated with familial thoracic aortic aneurysm.

Consider a person presenting with an ACTA2 secondary

finding and normal aortic dimensions on echocardiogra-

phy, but whose father is found to harbor the same variant

and previously had a thoracic aortic aneurysm requiring

surgical repair. That presenting individual has a molecular

finding but no clinical finding. He should be considered an

at-risk familymember and undergo cardiovascular imaging

biannually to assess for any aortic growth (see GeneRe-

views, Milewicz and Regalado, inWeb Resources). A critical

aspect of this scenario is that the question of heritable

thoracic aortic aneurysm and dissection in this family

was raised by detection of a secondary finding in an

asymptomatic individual. When prompted by the discov-

ery of a secondary finding, it is not uncommon for the re-

porting of a family history to change from negative to pos-

itive.8 This is a key indicator of the utility of the secondary

findings paradigm—to raise questions about the presence

of heritable diseases when routine personal and family his-

tory has failed to do so.

Negative Evaluation

Individuals in whom there are no clear findings indicating

genetic disease in the medical history, physical examina-

tion, family history, and diagnostic testing represent a

challenging scenario for a clinician. In such instances,
he American Journal of Human Genetics 107, 3–14, July 2, 2020 7



Figure 2. Conceptual Framework for the Management of
ACMG59 Disorders
The results of the clinical evaluation enable the clinician to deter-
mine whether or not an individual has a clinicomolecular diag-
nosis, but uncertainty may still exist. There is an overall positive
correlation between the certainty of clinicomolecular diagnosis
required for ongoing intervention (beyond the initial clinical eval-
uation) and the nature of that intervention. The nature of inter-
vention includes consideration of medical risk, cost, and overall
inconvenience. Malignant hyperthermia susceptibility can be
managed with relatively low burden (avoiding triggering agents
during surgery and communicating risk to clinicians) and there-
fore, even in the setting of an uncertain clinicomolecular diag-
nosis, these measures should be implemented. By contrast, an in-
dividual with Peutz-Jeghers syndrome would, at a minimum,
undergo regular moderately invasive screening exams. Therefore,
in this latter scenario, a higher degree of certainty is required for
an individual to be considered to have a clinicomolecular diag-
nosis. Given both the catastrophic threat and diagnostic chal-
lenges associated with arrhythmogenic right ventricular cardio-
myopathy, there are moderate intensity interventions that are
acceptable for an individual even when there is uncertainty
regarding a clinicomolecular diagnosis. The disorders noted are
illustrative examples but are not the only disorders that fall into
a given category. For any individual with a secondary finding, a
clinician would weigh these factors for the given disorder and
determine whether the results of the clinical evaluation meet a
threshold for ongoing intervention. The categories are purpose-
fully overlapping as they are not discrete entities but rather con-
cepts for the clinician to be mindful of when establishing a
long-term plan for an individual.
the variant correlation offers important information for

determining a risk assessment and follow-up plan. Our

approach includes four general categories in which sec-

ondary findings can be grouped (Table S1). The categories

are not meant to be discrete entities nor to offer specific

recommendations for any one gene, variant, or disease,

but rather to serve as a guide for longitudinal follow-up

plans, particularly in the setting of a negative evaluation.

We consider ‘‘disorders with high or near complete pene-

trance’’ to mean that an individual with a truly pathogenic

variant will almost certainly exhbit some manifestation of

disease during their expected lifetime. Highly studied can-

cer predisposition syndromes such as hereditary breast and

ovarian cancer and Lynch syndrome have penetrance esti-
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mates that still allow for a reasonable probability that an in-

dividualwith apathogenic variantwill not develop anyma-

lignancy during their lifetime are therefore included in

‘‘disorders with low or moderate penetrance’’ (even when

considering the upper estimate of 87% for females with a

pathogenic BRCA1 [MIM: 604370] or BRCA2 [MIM:

612555] variant to develop an associated malignancy; see

GeneReviews, Petrucelli et al., in Web Resources). For

adenomatous polyposis coli (MIM: 175100) and MUTYH-

associated polyposis (MIM: 608456), not all affected indi-

vidualswill develop colorectal cancer, particularly if the dis-

order is present in an attenuated form (see GeneReviews,

Jasperson et al. and Nielsen et al., in Web Resources), but

these disorders are categorized as ‘‘high or near complete

penetrance’’ due to the ability to detect polyps as a disease

manifestation. Our categorization of penetrance is based

on the strategy a clinician would employ in evaluating for

the presence or absence of a clinicomolecular diagnosis.

This does not necessarily correlatewith how these disorders

are chacterized in other contexts (for example, theNational

Comprehensive Cancer Network appropriately refers to

BRCA1 and BRCA2 as high penetrance genes in familial

high-risk assessment guidelines).35

None of the individuals in our hypothetical examples

have clinicomolecular diagnoses, but the long-term man-

agement of each differs based on the nature of their spe-

cific molecular finding. Ultimately, the clinician’s manage-

ment of an individual is dependent on several factors,

including balancing the certainty of a clinicomolecular

diagnosis with the nature of interventions offered for

that disorder (Figure 2). As is appreciated in cancer

screening, and based on current scientific and clinical evi-

dence, a less interventional approach is often reasonable

and appropriate.36 In determining the need for periodic

reevaluation of an individual in the absence of a clinico-

molecular diagnosis, the clinician must be mindful of the

risk category of the disorder in question and the complete-

ness of the evaluation performed. The crucial concept to

recognize here is that there is often a point in the evalua-

tion where the clinician should decline to make a clinico-

molecular diagnosis and adopt a watch and wait approach.

Disorders with Typical Childhood Presentation

For adults who present with a secondary finding in one of

these genes (Table S1) along with a negative evaluation

(that includes adequate personal history and physical, fam-

ily history with variant segregation analysis, and clinical

testing evaluation), it would be appropriate to consider

this person to have a molecular finding that is not causing

clinical disease. Follow up can be symptom-driven only,

and in the absence of new signs or symptoms there may

be no need to repeat diagnostic testing. The variant correla-

tion in such cases may add insight. A likely pathogenic sec-

ondaryfindingmaynot trulybepathogenic or apathogenic

variant with reduced penetrance would be not be expected

to cause disease in some individuals who harbor this

variant. See Box 1 for an example scenario in this category.



Box 1. RB1 Hypothetical Example

A 40-year-old man presents with a likely pathogenic

secondary finding in RB1, a gene associated with reti-

noblastoma. He has no personal history of ocular prob-

lems and no history of cancer. A physical examination

is unremarkable and he has normal visual acuity. The

family history is also negative for ocular concerns,

retinal tumors, or sarcomas in his parents and siblings;

to the best of his knowledge, this is true for all of his

grandparents as well. The man’s parents have provided

samples to the genetic testing lab, and the variant is

present in his father (effectively confirming that this

is not a de novo variant). He is referred to an ophthal-

mologist and undergoes retinal exam with ophthal-

moscopy and is found to have no abnormalities.

This person has had an adequate evaluation across all

clinical domains with no findings of the expected

phenotype of retinoblastoma. The variant is likely

pathogenic, which allows a reasonable probability (as

high as 10% before phenotyping33) that this variant

does not cause disease. For this individual, no specific

follow up with an ophthalmologist beyond routine

population recommendations would be necessary. If

he were to have new relevant signs or symptoms

(such as vitreous hemorrhage), the secondary finding

may help guide the clinical evaluation and differential

diagnosis at that time, which may prompt a reanalysis

of the clinical relevance of the secondary finding. For

young children with a finding in one of these genes

(e.g., a neonate sequenced for multiple anomalies),

the approach would be quite different. Because such a

child presents with the secondary finding before the

typical age of onset of one of these disorders, the

absence of clinical findings at this young age does not

confidently exclude its development in the future—

this is very different from the situation for the adult.
Disorders for Which Low-Intensity Interventions Are Recom-

mended

For secondary findings in these genes (Table S1), the risk-

to-benefit ratio of the recommended interventions favor

such interventions, even in cases in which the evaluation

cannot firmly establish a clinicomolecular diagnosis. This
T

is because the interventions recommended are not overly

burdensome or costly.37,38 For example, malignant hyper-

thermia susceptibility is a disease susceptibility phenotype

and therefore does not reliably manifest detectable signs

and symptoms (even in the setting of a known volatile

anesthetic). The clinical diagnostic test is invasive and

expensive (caffeine-halothane contraction test, which re-

quires muscle biopsy). However, most surgical procedures

can be performed avoiding known triggering agents, and

effective measures (including stocking the reversing agent,

dantrolene) can be taken if knowledge of the risk is

communicated to the anesthesiologist. The same concept

holds true for a secondary finding associated with familial

hypercholesterolemia. While lipid levels are easy to mea-

sure for a given time point, evidence suggests that there

is a genetic risk of cardiovascular disease—independent

of lipid levels—due to pathogenic LDLR variants.6 Any per-

son with a molecular finding associated with familial hy-

percholesterolemia should therefore have their lipids

monitored and managed to a risk-appropriate goal (typi-

cally through pharmacotherapy) (see GeneReviews,

Youngblom et al., in Web Resources). See Box 2 for an

example scenario in this category.

Disorders with Low or Moderate Penetrance

The ACMG59 includes cardiovascular disorders and cancer

susceptibility disorders that exhibit incomplete pene-

trance. The evidence for this penetrance has primarily

come from studying family members of affected individ-

uals in whom a causative variant had been identified. It

is reasonable to expect that in the setting of a secondary

finding, the penetrance may be somewhat less than the

previously observed penetrance from family ascertain-

ment-based studies.39–41 For this category of disorders

(Table S1), an individual with an adequate negative evalu-

ation can be considered unaffected. However, the clinician

must still be cautious about excluding the clinicomolecular

diagnosis given that the penetrance can be age dependent.

The family-based cascade testing is crucial. If a parent or

other older individuals in the family is found to also

have the molecular finding, they should be highly encour-

aged to undergo the complete clinical evaluation. The pres-

ence or absence of a clinicomolecular diagnosis in older in-

dividuals with the same variant will inform the care of the

presenting individual. If the older individuals undergo a

complete evaluation and are not found to have a clinico-

molecular diagnosis, then the presenting individual can

be more confidently considered to be unaffected and

would not require repeat diagnostic testing. We recognize

that confirming variant status and having older individ-

uals undergo complete medical evaluation is not always

feasible and that secondary findings are not necessarily fa-

milial. Because these disorders are associated with signifi-

cantmorbidity andmortality and the nature of incomplete

penetrance makes predicting disease outcomes difficult, in

the absence of a comprehensive familial evaluation, it is

most prudent to monitor these individuals similarly to
he American Journal of Human Genetics 107, 3–14, July 2, 2020 9



Box 2. RYR1 Hypothetical Example

A 30-year-old woman presents with a pathogenic

variant in RYR1, a gene associated with malignant hy-

perthermia susceptibility. She has no significant medi-

cal history and has never had surgery or required anes-

thesia. No one in her family has ever experienced

complications during surgery indicative of malignant

hyperthermia and to the best of her knowledge no fam-

ily members have experienced any notable intolerance

to heat or exercise. The woman declines to undergo a

muscle biopsy necessary for diagnostic contracture

testing.

There is nothing in the clinical history suggestive of

malignant hyperthermia. While contracture testing is

considered the gold standard diagnostic test, the inva-

sive nature of the required muscle biopsy (and poten-

tial lack of availability) will often preclude its use.

Despite the lack of evidence of a clinicomolecular diag-

nosis, this individual should be counseled that her risk

of malignant hyperthermia susceptibility is uncertain.

Therefore, it would be prudent to treat her as at risk,

and, consistent with best practices, any surgery she re-

quires in the future should be done in a center familiar

with the disease and potential triggering pharmaco-

logic agents should be avoided.
how one would monitor an at-risk family member for a

period of time after the initial presentation. Such an

approach necessitates periodic reevaluation with repeat

diagnostic testing performed, even in the absence of new

symptoms. Repeat negative evaluations over time will

significantly decrease the probability of a clinicomolecular

diagnosis. See Box 3 for an example scenario in this

category.

Disorders with High or Near Complete Penetrance for Some

Disease Manifestation

The high penetrance of these disorders (Table S1) makes it

likely that an individual with a pathogenic variant will

have some indication of disease in the personal history

and physical examination, family history, or diagnostic

phenotyping evaluation. If an individual has a negative

evaluation, the clinician should have a high index of sus-

picion that the variant identified is not actually patho-
10 The American Journal of Human Genetics 107, 3–14, July 2, 2020
genic. For secondary findings in genes in this category,

the variant correlation will help guide the follow-up

plan. If the secondary finding is likely pathogenic, a thor-

ough negative evaluation across all domains makes the

probability of a clinicomolecular diagnosis very low and

repeat diagnostic testing in the future would only be trig-

gered by the development of new signs or symptoms. See

Box 4 for an example scenario in this category.

Secondary Findings in Children

The approach discussed above is tailored for the adult pre-

senting with a secondary finding. Here we define adult as

an individual who is responsible for his or her ownmedical

decisions, which in the United States typically refers to

someone who is 18 years or older or is considered an eman-

cipated minor.42–44 The risks and benefits of returning sec-

ondary findings to children is complex and beyond the

scope of this article. For a child who presents with a second-

ary finding, we recommend determining parental origin of

the variant. For most adult-onset disorders, the parent who

harbors the secondary finding would then become the in-

dex case subject and be evaluated in accordance with our

approach (and the results of the parent’s evaluation would

then be informative for the child’s long-term care plan). If a

child presents with a secondary finding and the disease has

pediatric onset, parental origin cannot be identified, the

variant is confirmed de novo, or the secondary finding is

in a disease with an autosomal-recessive inheritance

pattern, we recommend that the child have an evaluation

that is consistent with the established practices of pediatric

genetics, specifically considering the typical childhood pre-

sentation and likelihood of benefit for interventions prior

to adulthood.45,46 In many cases, the age-dependent pene-

trance of these disorders would support deferring these

evaluations for several years.

Conclusion

This approach to the evaluation and clinical care of an in-

dividual with a secondary finding is based on a reasonable

extrapolation of guidelines for cascade testing in unambig-

uously affected families, guided by rational risk assess-

ment. It is meant to offer a guide for a physician caring

for such an individual. As is true for all such recommenda-

tions, the framework we present should be tailored to an

individual’s specific needs. The framework and gene cate-

gories should also be adjusted as needed as the field ofmed-

ical genetics advances (specifically with regard to gene-dis-

ease association and penetrance).

Our approach does not address certain important aspects

of genetic testing in general. These include the need for ge-

netic counseling, ethical and legal considerations of ge-

netic testing, the increasing availability of limited direct-

to-consumer and consumer-initiated testing for certain

genes on the ACMG59 list, and family planning implica-

tions of genetic results. The management of individuals

with secondary findings is also complicated by the obser-

vation that participants in genome-sequencing studies



Box 3. PKP2 Hypothetical Example

A 35-year-old man presents with a pathogenic variant

in PKP2, a gene associated with arrhythmogenic right

ventricular cardiomyopathy. There is no personal his-

tory of cardiovascular symptoms, a physical exam is

unremarkable, and the family history is negative for

cardiomyopathy, ventricular arrhythmias, sudden car-

diac death, or incidents suspicious for undiagnosed car-

diac death. Targeted variant analysis establishes that

this variant was maternally inherited. Clinical evalua-

tion has included a 12 lead ECG, 48 h Holter monitor,

transthoracic echocardiogram, and cardiac MRI, which

are negative for abnormalities. Detailed review of this

variant is consistent with multiple lines of evidence

supporting a pathogenic interpretation, but the disor-

der is known to show incomplete penetrance.

Despite this individual’s molecular finding, his pre-

sentation is not consistent with a clinicomolecular

diagnosis and he can therefore be considered unaf-

fected at the time of evaluation. Because disorders in

this category often have age-dependent penetrance,

clinical evaluations of family members who share the

same variant are particularly important. Older family

members with the variant should undergo the same

evaluation and the results will inform the care of the

presenting 35-year-old man. If no family members,

including the mother, have evidence of a clinicomolec-

ular diagnosis, the provider can take a watch-and-wait

approach in the long-term management, with follow-

up testing triggered only by new symptoms. However,

a thorough evaluation in multiple family members

with the same molecular finding will not always be

feasible. In such instances, given the risk of later-onset

disease, a repeat evaluation of cardiac rhythm and func-

tion should be performed periodically.

Box 4. STK11 Hypothetical Example

A 45-year-old woman presents with a likely pathogenic

variant in STK11, a gene associated with Peutz-Jeghers

syndrome. She has no personal history of cancer,

benign tumors, or intussusception. A detailed skin ex-

amination does not identify any hyperpigmented mac-

ules or skin lesions, but she remembers having freckles

as a child. The woman was adopted as an infant and

does not know anything about her biological parents.

She undergoes an evaluation which includes colonos-

copy, upper endoscopy, capsule endoscopy, transvagi-

nal US, serum CA 125 level, MRI-MRCP, and breast

MRI which are all negative for abnormalities (including

polyps).

The results of this evaluation are not consistent with

a clinicomolecular diagnosis and the woman in this

example should be considered unaffected. Although

there is no family history information available, the

near-complete penetrance and rarity of the disorder is

such that the probability of disease is low in this

setting. The significance of her molecular finding can

be reassessed in the future if the woman develops con-

cerning signs or symptoms that may be associated with

Peutz-Jeghers syndrome (such as bowel obstruction or

rectal prolapse), but in the absence of such signs or

symptoms, no specific diagnostic follow-up testing is

warranted. The provider here should understand that

the nature of a highly penetrant disorder is such that

a negative evaluationmakes a molecular finding highly

unlikely to lead to a clinicomolecular diagnosis. It is

also important that this information be relayed to the

laboratory to incorporate into an updated pathoge-

nicity assessment of the variant, potentially to revise

it for the presenting individual and for future reporting.
may be unaware that the return of these results was a pos-

sibility (even if a consent process was documented).47 Such

considerations underscore the importance of a referral to a

genetics clinic or subspecialty clinic with genetic coun-

selors available for a nuanced discussion of the molecular

finding and the results from the evaluation, even in the

absence of a clinicomolecular diagnosis. The approach pre-
Th
sented here is deliberately focused on the clinical evalua-

tion and management of a hypothetical adult with a sec-

ondary finding and is meant to be balanced with the

important considerations applicable to genetic testing

that fall outside the purview of this paper.

One of the promises of genomic medicine is the ability

to predict phenotype based on genotype. The potential

for secondary findings to identify previously unrecognized
e American Journal of Human Genetics 107, 3–14, July 2, 2020 11



disease risk is one way in which genomic medicine can be

predictive of disease andmeaningfully impact patient care.

Before this promise can be a reality, a standard clinical

approach to the evaluation and longitudinal care for indi-

viduals with secondary findings must be implemented. As

the scale of population sequencing studies increases, the

return of secondary findings will become more common

in the general population. A seven-gene ACMG59 subset

associated with risk for hereditary breast and ovarian can-

cer, Lynch syndrome, and familial hypercholesterole-

mia—referred to as ‘‘Tier 1 genomic tests’’ by the Centers

for Disease Control and Prevention—has been proposed

as a screening tool for the general population, which

would massively increase the number of people seeking

care specifically because of a molecular finding.48 While

our approach is focused on ACMG59 genes and disorders,

the return of secondary findings from extended gene lists

or in a research context is often considered at the discre-

tion of the clinicians and the institution in which an indi-

vidual is seeking care or engaged in research.15–17 Individ-

uals with secondary findings outside of the ACMG59 can

be managed using the framework we propose. In such in-

stances, clinicians will consider the likelihood of a clinico-

molecular diagnosis based on the same domains of evalua-

tion we delineate herein. A clinician will need to determine

the specific diagnostic phenotypic testing in order to estab-

lish the presence or absence of a clinicomolecular diag-

nosis, and what is known about the variant and disorder

in question will guide long-term management.

Our goal is that all people with secondary findings are

adequately evaluated and cared for. As a part of this pro-

cess, it is essential that clinical outcomes be collected and

aggregated to inform modifications and amendments to

what we propose, which will also change the secondary

findings gene list. The creation of a learning health system

model to gather evidence for precision health has been

proposed49 and the need for harmonization of out-

comes50 to accelerate the accumulation of experience has

been demonstrated. These efforts will be enhanced by

the standardized approach advocated here. This has the

immense benefit of reducing data heterogeneity, which

in turn will facilitate rapid learning.49,50 Given current

knowledge, a clinician following our approach will opti-

mize the opportunity to mitigate disease while also re-

maining cognizant of the uncertainties inherent in

genomic prediction. Ultimately, predictive genomic medi-

cine has the potential to greatly improve health and

healthcare. The implementation of a standardized

approach to a secondary finding evaluation is one step to-

ward genomics realizing this potential and future research

will refine and improve the the initial approach we pro-

pose here.
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