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While consensus regarding the return of secondary genomic findings in the clinical setting has been reached, debate about such findings
in the research setting remains. We developed a hybrid, research-clinical translational genomics process for research exome data coupled
with a CLIA-validated secondary findings analysis. Eleven intramural investigators from ten institutes at the National Institutes of
Health piloted this process. Nearly 1,200 individuals were sequenced and 14 secondary findings were identified in 18 participants.
Positive secondary findings were returned by a genetic counselor following a standardized protocol, including referrals for specialty
follow-up care for the secondary finding local to the participants. Interviews were undertaken with 13 participants 4 months after receipt
of a positive report. These participants reported minimal psychologic distress within a process to assimilate their results. Of the 13, 9
reported accessing the recommended health care services. A sample of 107 participants who received a negative findings report were
surveyed 4 months after receiving it. They demonstrated good understanding of the negative secondary findings result and most
expressed reassurance (64%) from that report. However, a notable minority (up to 17%) expressed confusion regarding the distinction
of primary from secondary findings. This pilot shows it is feasible to couple CLIA-compliant secondary findings to research sequencing
with minimal harms. Participants managed the surprise of a secondary finding with most following recommended follow up, yet some
with negative findings conflated secondary and primary findings. Additional work is needed to understand barriers to follow-up care and
help participants distinguish secondary from primary findings.

could be accomplished, regulatory issues, actual partici-
pant uptake of such results, and how participants would
react to and use such results.>*”’

Introduction

While the debate surrounding the return of secondary

findings from clinical exome sequencing and genome
sequencing (ESGS) has settled, the handling of these find-
ings in clinical research has not yet moved to consensus.
While there is no general obligation to return such find-
ings in a research context,” there is a growing recognition
that there is overlap of research and clinical activities.
However, it is ambiguous as to whether clinical care or
research ethics should apply.® Although the ethics debate
is unresolved, research participants are often interested in
learning primary and secondary results, and researchers ex-
press interest in returning them, but few researchers actu-
ally do so.* © There are many questions surrounding return
of results from ESGS to research participants, including the
necessity or obligation to do so, mechanisms for how this

We developed a hybrid, research-clinical process for anal-
ysis and return of secondary findings from translational
genomics research and assessed participant responses to
receiving such results to inform the debate with evidence.
This hybrid included generation of next-generation
sequencing (NGS) CLIA-validated data to be used in a
secondary finding analysis process that enabled clinical sec-
ondary finding reports for all participants. Anotable compo-
nent of our process was that the NGS CLIA sequencing was
coupled to generation of non-CLIA research exome data
used by investigators studying heritable disorders. Because
we CLIA-validated the exome sequencing of the ACMG sec-
ondary findings genes, this allowed the return of negative
secondary finding reports to research participants and
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provided us with an opportunity to study the outcomes of
returning such reports. Here, we describe our process, the
sequencing of 1,197 individuals, the secondary findings
that resulted from this, the reactions of the participants to
the receipt of both positive and negative secondary finding
reports, and the follow-up health care undertaken by the
recipients of the positive reports.

Subjects and Methods

Clinical-translational investigators in the NIH Intramural Program
accessed the process we developed through the Clinical Center
Genomics Opportunity (CCGO) program and consented their par-
ticipants to return of secondary findings. The primary sequencing
activities and return of secondary findings were reviewed and
approved by 5 Institutional Review Boards for the 11 principal in-
vestigators whose projects were supported by CCGO. This social
and behavioral sub-study, under which these interviews and
surveys were conducted, was approved by the National Human
Genome Research Institute IRB (16-HG-0017).

Exome sequencing was performed on samples submitted by in-
tramural investigators. Genomic DNA and whole blood were
accepted for testing following an order placed in the NIH Clinical
Center electronic medical record (EMR) system. DNA was isolated
from whole blood using the salting-out method (QIAGEN, Gentra)
and all DNA was phenol-chloroform extracted before sequencing.
Exome capture and sequencing was performed using standard
techniques. Research data (complete exome data) were returned
to the investigator and in addition, variants in the then-currently
recommended 56 genes® for secondary variant analysis were inter-
rogated by the CCGO clinical analysis team. Briefly, variants in
coding regions and canonical splice sites (+1, +2, —1, —2) were
analyzed to determine potential pathogenicity (bed files in Table
S1). Variants were initially filtered for quality and for minor allele
frequency (<0.01 in ESP6500). Alamut Visual (Interactive Bio-
software) was used to identify relevant information for variant
assessment. For all variants, the frequency of the variant in control
databases (ExAC)’ was expected to be below the frequency of the
associated disease in order for the variant to be considered for
likely pathogenic or pathogenic status. Variants that met this
criterion were considered rare variants for this analysis. For rare
variants, ClinVar and HGMD were queried to identify relevant
information. Missense variants that were not present in ClinVar
or present in HGMD were not further considered. For the remain-
ing variants, relevant information from published literature and
ClinVar submissions was considered to assess pathogenicity
according to the ACMG/AMP guidelines.'’ Variants assessed as
pathogenic and likely pathogenic were returned for all genes
except for MUTYH (MIM: 604933) where variants were returned
only if found in the biallelic state. For pathogenic and likely path-
ogenic variants, BAM files were examined for read quality and
BLAT (UCSC Browser) was used to confirm that the sequence
was unique in the genome browser. Variants that passed both of
these checks were returned to participants as preliminary and a
saliva sample was requested for confirmation testing, which was
performed using Sanger sequence analysis. All sequenced individ-
uals received either a positive secondary findings report or a nega-
tive secondary findings report.

For each secondary variant returned by a CCGO genetic coun-
selor, a genetics consultation note for the positive result recipient

was entered into the EMR and a lay summary letter was sent to the
participant (see Supplemental Data for example letter). Patient
referrals were made to a local genetic counselor or another expert
clinician at a center that offered specialty services for the second-
ary finding disorder (see Supplemental Data for genetic counseling
outline). A local health care provider was directly contacted to
review the indication for the referral and transfer ongoing care
for the secondary finding recipient.

A subset of participants was recruited to join this sub-study,
which included surveys of recipients of negative secondary
finding reports and interviews of recipients of positive secondary
finding reports. Positive secondary finding recipients who were
eligible for this study included those whose results were returned
to them by a CCGO genetic counselor. Recipients of positive find-
ings were interviewed by telephone by one of the authors (B.B.B.).
For minor probands, a parent or legal guardian was invited to be
the respondent.

Negative secondary findings reports returned as part of the sub-
study were mailed directly to participants with a cover letter that
explained and defined actionable variants and outlined the limita-
tions of sequencing. Recipients of negative findings were invited
to take a survey administered 4 months after receipt of results.
Surveys of negative secondary findings recipients included five
scales with 3-20 items each. Knowledge about sequencing was
assessed using a valid and reliable 12-item measure that included
two subscales for sequencing benefits and sequencing limitations.
Scores on each of the subscales ranged from O (low knowledge) to
10 (high knowledge)'" (o = 0.73). A four-item scale'” assessed the
perceived benefits of receiving secondary finding (e.g., “Secondary
findings may be valuable for maintaining one’s future health”);
possible scores on this scale ranged from 1 to 5 (¢ = 0.81). Depres-
sive symptoms were assessed using the CES-D-20, a widely used
depression screening tool with scores ranging from 0 to 60;
scores > 15 are considered to be indicative of increased risk for
depression in the general population'® (o = 0.90). The PROMIS-
Global Health, a ten-item scale, assessed perceived physical,
mental, and general health with the US general population as
the reference population'* (. = 0.76; raw scores are converted to
T-scores with a mean of 50 and a SD of 10). A three-item version
of the Life Orientation Test-Revised (LOT-R) scale'® was used to
assess dispositional optimism with possible scores ranging from
0 to 4 (o = 0.88).

Recipients of negative secondary finding were asked five open-
ended questions, which they responded to by completing an
open field. The first three questions were designed to assess partic-
ipants’ perceptions of the meaning, value, and utility of receiving
secondary finding. Two additional questions assessed expectations
of receiving a secondary finding and feelings of reassurance or
disappointment after receipt of negative findings (see Table 1).
The data were scored to describe the understanding and expecta-
tions of these participants for receiving secondary finding.
Open-ended responses were independently coded (D.N.D. and
AR.H.) and semantic discrepancies were resolved. The coded
data were analyzed for themes.

Interviews of recipients of positive reports were conducted by a
single investigator, audio-recorded and transcribed. In one
instance, field notes were taken when audio-recording was not
possible. Interviews explored psychological responses to learning
the result, dissemination of the information to relatives and
health care providers, and use of recommended health care ser-
vices. A codebook was developed based on the interview guide
and expanded to code the data for subsequent thematic analysis.
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Table 1. Open-Ended Questions from Survey of Recipients of
Negative Secondary Findings Results

If you had received a secondary finding, what would it have meant
for your health and well-being?

In what ways do you think learning a secondary finding may have
been useful to you?

How valuable do you believe this information may have been to
you and your family?

What are your feelings about not receiving a secondary finding?
If you felt reassured, please describe in what ways it is reassuring?
If you felt disappointed, in what ways is it disappointing?

Did you expect to receive a secondary finding?

If so, was your expectation based on your family history or known
health risks in your family?

If not, why?

The data were independently coded by two coders (A.M.S. and
E.T.) and semantic discrepancies resolved. The overall unweighted
Kappa co-efficient was 0.86, indicating high inter-rater reliability.

Results

Sequencing Results and Variant Analyses

A total of 1,197 samples were submitted for analysis of the
ACMG 56 gene list® with 1,620 unique variants (Tables 2,
S2, and S3) passing initial quality and frequency filters.
Clinical review was performed on 1,008 variants using
data from ClinVar, HGMD, and the literature. After fre-
quency filtering, all putative loss-of-function variants in
ACMG “expected pathogenic” genes and all missense
variants in all 56 genes with >1 pathogenic assertion(s)
in ClinVar or a “DM" assertion in HGMD underwent an
evaluation of ACMG/AMP criteria'® (141 variants). A total
of 28 variants were assessed as pathogenic or likely patho-
genic. Of these, 4 were not returned because they were
monoallelic variants for a recessively inherited disorder
(MUTYH), and 10 variants were primary findings and
returned separately (Table S3), leaving 14 secondary find-
ings (Table 2) among an estimated 1,678 unique chromo-
somes, for an overall yield of 1.9%, taking into account
relatedness of samples.

Interviews of Positive Secondary Finding Recipients

14 families, involving 19 individuals, received a secondary
finding from CCGO. 13 individuals (10 adults and 3
parents from 11 families) participated in this interview
sub-study. All but two results disclosures were made by
phone; two were done in person. The disclosures took an
average of 55 min (range 36-90 min). At the time of
secondary finding disclosure, one participant (a 52-year-
old woman with a pathogenic APOB [MIM: 107730]
variant) had understood that high cholesterol ran in her
family but did not know that this disorder had a name or
that specific genes were associated with it. The remaining
participants were previously unaware of any personal or

family history risk related to their secondary finding. In
seven cases, additional personal or family history of symp-
toms of the secondary finding disorder were provided by a
patient during the disclosure sessions.

13 positive secondary finding recipients were inter-
viewed 4 months after receipt of their secondary finding.
Interviews took an average of 25 min (range 14-48 min).
10 of the 13 participants reported being surprised by
their secondary finding result. Participants described
their initial reactions as disbelief and shock but also
recounted an evolution in their responses over the
intervening 4 months to arrive at feelings of relief and
gratitude for the opportunity to learn health risk infor-
mation that they would otherwise not know (see
Table S4 for representative quotes). Two participants
explicated the advantage of learning about the patho-
genic variant while they were asymptomatic, in contrast
to learning it at the time of being diagnosed with a life-
threatening condition. Several offered that they were still
processing what the results meant for them 4 months
after learning them.

In describing their healthcare use at 4 months after
disclosure, 7 of 13 had told their (or their child’s) primary
care physicians their results (see Table 3). 9 of 13 followed
up with a specialist as recommended by the CCGO team
and 1 saw a second specialist. 9 of 13 reported taking a
healthcare action (such as recommended screening or
diagnostic evaluation). 4 women with pathogenic variants
opted for prophylactic surgeries to reduce their cancer risk.
4 interviewed participants had not followed up with the
recommended specialist or taken any healthcare actions
at 4 months.

11 of the 13 participants shared their secondary finding
with their relatives. Most participants did not know
whether their relatives had followed up on the informa-
tion with their health care provider, to pursue genetic
testing (for those at risk) and/or undergo clinical evalua-
tions. The reason offered by the two respondents who
did not tell their relatives and by two who had told only
a few relatives was that they had been focused on learning
more about their own health risks. Another reason noted
by a parent for a lack of focus on relatives’ risks was pri-
mary concern about their child enrolled in an NIH study.
Nevertheless, most shared the information with their close
relatives.

When asked whether they had regrets about learning
a secondary finding, 11 of 13 reported no regret. They
cited the importance of having the information to
make decisions going forward. Two participants ex-
pressed concern about knowing their secondary finding,
wishing they were not at risk and did not have to worry.
Both interviewees added that regardless, they would
rather know than not know. In one case, a participant
expressed anxiety about his son’s future access to health
insurance and another participant worried about her
job security due to her diagnosis of arrhythmogenic
right ventricular dysplasia. Although not expressing

360 The American Journal of Human Genetics 103, 358-366, September 6, 2018



Table 2. Secondary Findings Variants Identified in the Clinical Center Genomics Opportunity Project
Variant Genomic Gene Name Predicted Protein
Position GRCh37 (MIM) Variant cDNA Change ACMG Scoring® Pathogenicity Assessments
chr1:g.17371319C>T SDHB NM_003000.2;  p.Arg46GIn PS3_Moderate, ACMG, likely pathogenic;
(185470) c.137G>A PS4_Moderate, PMS5, returned as pathogenic
PM2_Supporting, PP3, PP5
chr2: g.21229160C>T APOB NM_000384.2; p.Arg3527GIn PS3, PS4, PM1, PMS, ACMG, pathogenic; returned
(107730) c.10580G>A PP1, PP5 as pathogenic
chr11: g.2591868del KCNQ1 NM_000218.2;  p.Leul63Argfs*74  PVS1, PS4_Moderate, ACMG, pathogenic; returned
(607542) c.488del PM2, PPS as pathogenic
chr13: g.32903606_32903607del BRCA2 NM_000059.3;  p.Val220llefs*4 PVS1, PS4, PPS ACMG, pathogenic; returned
(600185) €.658_659del as pathogenic
chr13: g.32907126_32907127del BRCAZ2 NM_000059.3;  p.Ser504Tyrfs*9 PVS1, PS4_Moderate, ACMG, pathogenic; returned
c.1511_1512del PM2, PP5 as pathogenic
chr13: 2.32914438del BRCA2 NM_000059.3;  p.Ser1982Argfs*22  PVS1, PS4, PP1, PP5, BP2 ~ ACMG, pathogenic; returned
c.5946del as pathogenic
chr13: g.32953959_32953963del BRCA2 NM _000059. 3; p.Tyr3009Serfs*7 PVS1, PS4, PM2_PP, PP5 ACMG, pathogenic; returned
c. 9026_9030del as pathogenic
chr13: £.32969004_32969005del® BRCAZ2 NM_000059.3;  p.Ser3147Cysfs*2 ~ PVS1, PS4, ACMG, pathogenic; returned
€.9435_9436del PM2_Supporting, PP5 as pathogenic
chr14: g.23886383G>A MYH7 NM_000257.3;  p.Argl500Trp PS3_Moderate, ACMG, likely pathogenic;
(160760) c.4498C>T PS4_Moderate, PM2, PP1, returned as likely pathogenic
PP2, PP3
chrl7: g.41276047_41276048del BRCAI NM_007294.3;  p.Glu23Valfs*17 PVS1, PS4, PS3_PM, ACMG, pathogenic; returned
(113705) c.68_69del PP1, PP5 as pathogenic
chr18: g.28662344G>A DSC2 NM_024422.3;  p.Arg375* PVS1, PM2_Supporting ACMG, likely pathogenic;
(125645) c.1123C>T returned as likely pathogenic
chr18: g.29101208T>C DSG2 NM_001943.3; p.? PVS1, PS4_Moderate, ACMG, pathogenic + BP2;
(125671) c.523+2T>C PM2_Supporting, PPS, BP2 returned as likely pathogenic
chr18: g.29111043dup DSG2 NM_001943.3;  p.Thr371Tyrfs*19  PVS1, PM2 ACMG, likely pathogenic;
¢.1109dup returned as likely pathogenic
chr19: g.38986905C>T RYRI NM_000540.2;  p.Ala2200Val PM1, PS4_Supporting, ACMG, VUS; returned as
(180901) €.6599C>T PP2, PP3 likely pathogenic

2ACMG: American College of Medical Genetics/AMP pathogenicity criteria and pathogenicity assertion. See Richards et al.'® for details.
PThis variant was disclosed by the participant’s primary team and this participant was not included in the social and behavioral sub-studies. Setting aside this

variant, there were 13 variants returned to 18 research participants.

regret, three participants expressed concern about their
children being at risk. Three participants spontaneously
described the receipt of the information as empowering
as they felt they could act on the information and pre-
pare for the future. Two stated that they were pleased
that so far nothing had been found in their follow-up
evaluations.

Surveys of Recipients of Negative Secondary Finding
Reports

There were a total of 1,197 individuals sequenced in
CCGO; 687 were available for consent to this sub-study
and 384 were enrolled. Negative secondary findings re-
ports were returned to 318; of these, 235 received a survey
invitation and 107 completed it (see Table 4 for demo-
graphic information). Objective knowledge of the benefits
and limitations of genetic sequencing was measured by
two sub-scales. The limitations sub-score mean was mid-
range; 6.2 (2.7 SD, scale range 0-10). The benefits sub-score
mean was also midrange; 4.9 (2.3 SD, scale range 0-10). On

a specific tool that measured benefits of secondary findings
in particular, the mean score was at the high end of the
scale at 4.3 (0.5 SD, scale range 0-5). The PROMIS global
health score mean was 34.3 (5.4 SD), which is between
one and two standard deviations below the U.S. general
population mean of 50. Their mean depressive symptoms
score was low (mean 7.0; 8.0 SD, scale range 0-60). The
mean optimism score was above the middle of the range
at 2.8 (SD 0.8, scale range 1-4).

We assessed participants’ understanding of the nature of
secondary finding results by asking several related ques-
tions about the perceived meaning, value, and utility of
receiving a secondary finding; most survey respondents
answered at least one of these. When responding to a ques-
tion about what receiving a secondary finding would have
meant for their health and well-being, 12 of 102 partici-
pants (12%) indicated that a secondary finding would
allow for a better understanding of the primary condition.
In their responses, 10 of 99 (10%) participants cited a
better understanding of their current, primary condition
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Table 3.

Participants’ Reports of Actions Taken in the 4 Months after Receipt of a Positive Secondary Finding

Gene with Secondary Actions Recommended
Participant Finding and MIM during Results Disclosure

Participant Follow-up
Appointments/Actions Tests/Actions Performed Communication

Participant Follow-up Participant to Family

1 BRCA2 (600185) contact GC at HBOC clinic HBOC clinic, breast MRI husband, children
breast surgeon
2 DSG2 (125671) contact GC at CG clinic none none male cousin
3 RYR1 (180901) contact specific malignant geneticist put result on registry husband, children,
hyperthermia specialist, four siblings
inform surgeons immediately
4 BRCA2 contact GC at HBOC clinic HBOC clinic breast MRI, oophorectomy husband, children
scheduled
5 BRCA2 contact GC at HBOC clinic genetic counselor, Salpingo-oophorectomy, mother, cousins
followed by oncologist ~ MRI (type not specified),
CT scan
6 SDHB (185470) contact GC at endocrine endocrinologist endocrine testing, CT scan child
cancer clinic
7 BRCA2 contact GC at HBOC clinic none none husband, mother,
sibling
8 DSC2 (125645) contact GC at CG clinic none none none
9 APOB (107730) contact specific familial none none none
hypercholesterolemia specialist
10 BRCA1 (113705) contact GC at CG clinic genetic counselor mammogram family (no specifics)
11 KCNQI1 (607542) contact GC at CG clinic cardiologist heart monitor, children
echocardiogram, EKG
12 MYH7 (160760) contact GC at CG clinic cardiologist echocardiogram husband, parents,
sibling
13 DSG2 (125671) contact GC at CG clinic cardiovascular cascade evaluations and aunts and uncles

genetics clinic

testing of parents

Abbreviations: HBOC, hereditary breast and ovarian cancer; GC, genetic counselor; CG, cardiovascular genetics clinic.

as a reason why receiving a secondary finding would be
valuable. When the question was subtly rephrased, asking
how receiving a secondary finding would have been useful,
17 of 98 (17%) participants indicated that receipt of such
of finding would have provided a better understanding of
their current primary condition (see Table S4 for represen-
tative quotes).

Participants were asked to reflect on feelings of reassur-
ance or disappointment after receiving a negative report.
A majority of participants (64%) reported feeling reassured
by not having received a secondary finding. The most
frequently cited reasons included having additional infor-
mation about one’s health (33%) and a sense of ease
and/or relief at not having secondary findings (22%).
Close to a third (30%) of participants were disappointed
to not receive a secondary finding. Reasons for disappoint-
ment included a lack of insight into the participant’s
primary diagnosis or medical condition (25%) and frank
statements of different expectations from the study ex-
pressed by two participants (2%). Of 45 respondents
who answered this question, only 10 (22%) indicated
that they did not expect to receive such a finding.
17 (38%) participants mentioned anticipating receiving
secondary findings based on their family history of medi-
cal problems.

Discussion

This study describes the results of a pilot of an approach to
the integration of secondary genomic findings into clinical
research. This approach to secondary findings analysis and
return in research required minimal investment of time
and resources on the part of the research groups as they
were required only to obtain informed consent for the
sequencing and secondary findings, order the clinical sec-
ondary findings analysis, and provide contact information
for follow-up of positives. The approach we describe here is
distinct from that which we have previously described."®
In our previous work, we described a process whereby sec-
ondary findings from research NGS data could be validated
with post hoc Sanger testing of variants. In the present
work, the secondary findings were identified in an NGS
test that is itself part of the CLIA license. That the second-
ary findings were CLIA-valid as NGS data provided us with
an opportunity to study the consequences of negative
results reporting, which is possible with CLIA-NGS, but
not with post hoc Sanger testing. All sequenced individuals
(positives and negatives) had a secondary finding clinical
laboratory test report returned to their EMR. We undertook
this study to perform an initial evaluation of this approach
to secondary findings by evaluating the yield, interviewing
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Table 4. Demographics of 107 Surveyed Recipients of Negative

Secondary Findings Reports

Adult Parent

(n = 93) (%) (n = 14) (%)
Gender
Female 47 (51) 12 (86)
Male 45 (48) 2 (14)
Race
White 79 (85) 12 (86)
Black or African American 7 (8) 1(7)
Asian 3(3) 1(7)
Mixed 2(2) -
Ethnicity
Hispanic or Latino 6 (7) 1(7)
Not Hispanic of Latino 85 (91) 13 (93)
Education
Less than high school 0 (0) 2 (14)
High school 8(9) 1(7)
Technical school 2(2) 0 (0)
Some college 18 (19) 4 (29)
College graduate 22 (24) 6 (43)
Post-graduate 43 (46) 1(7)
Relationship Status
Divorced 8(9) 2 (14)
Married 64 (70) 9 (64)
Single 17 (19) 3(21)
Widowed 2(2) 0 (0)
Age, years (mean, SD) 50 (15) 11 (5)

NIH Institute Conducting

Number of Survey Respondents

Primary Study”

NIMH 4 -
NIAMS 8 3
NINDS 19 5
NHLBI 19 5
NICHD 3 1
NIDCR 8 -
NCI 32 -
Total 93 14

?See Table S5 for details on the Primary Study Protocols.

recipients of positive secondary finding reports, and
surveying individuals who received negative secondary
finding reports.

The interviews with the recipients of a positive second-
ary finding report showed that they held generally positive
views of learning the results. At the time of the interviews,
no participants reported psychologic distress or regret at

undergoing secondary finding testing. None of the 13
participants expressed regret at undergoing the secondary
finding testing, an important extension of existing work
indicating that research participants prefer to receive
findings of this nature.” Two did express a form of regret
in stating that they wished that they did not have the trait
or disorder, although they then went on to say that even
though they regretted having the condition, they would
rather know about it than not know. This raises an impor-
tant question surrounding the secondary findings debate,
as these individuals are clearly articulating a distinction
between their status of being at risk, which is aversive or
regretful to them, and the secondary finding process itself.
These individuals did not conflate these two related con-
cepts and future research in secondary findings should
explore this further.

Although 9 of 13 followed through with a recommended
specialist, we were concerned that 4 of 13 (>30%) had not
done so at the time of our interview. It is possible that with
a family member sufficiently ill to be in a NIH research
study, they may be logistically challenged to address a
secondary finding. One participant was in her second
trimester of her first pregnancy when she received her sec-
ondary finding. Two of the four individuals likely did not
follow up because they minimized the secondary
finding—one felt that the elevated cholesterol was already
recognized and one was reluctant to undergo testing that
might confirm a cardiomyopathy. This is interesting in
light of the result above that all 13 expressed no regret
with respect to learning their secondary finding. Of 13,
11 of these participants communicated results to at least
1 family member, although we noted that few of them
knew what, if any, medical evaluation had been performed
on these relatives and whether they had been confirmed to
have the secondary finding disorder. Again, it is possible
that a 4-month interval is too short, and we suggest that
future studies should explore the cascade evaluations in
family members over a longer time period. Another possi-
bility is that they felt their obligation to communicate
results was fulfilled and it was not their business to explore
what their relatives had done with the information.

Our experience from the ClinSeq cohort was that some
patients and providers were perplexed by secondary find-
ings referrals and that follow-up was ineffective in those
circumstances, as we did not provide specific referrals
and follow-up recommendations (L.G.B. et al., data not
shown). In this protocol, we identified local resources for
follow up to ease this process both for the patient and for
the providers. Although we were generally directive, spe-
cific, and unambiguous about the need for, and nature
of, the indicated follow-up care, four participants reported
not being evaluated by the recommended specialist. These
findings contrast with what has been widely assumed,
which is that patients will over-react, have psychologic
distress, and undergo excessive health care utilization.
These data may suggest that, in contrast to the fear of sec-
ondary findings, it may instead be the case that, like many
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medical screening and health promotion activities, sec-
ondary findings may be ignored or have inadequate follow
up. This would suggest that instead of fearing secondary
findings, we may need to reorient the field toward
more directive support and promotion of the necessary
follow up.

An important component of this study is that we have
described the responses of research participants to a nega-
tive secondary finding report. We surveyed 235 eligible
individuals who received such a report. About half (107)
responded to our survey regarding their perceptions of,
and reactions to, these negative results. The survey evalu-
ated the recipients’ knowledge and attitudes toward
sequencing and secondary findings, depression, anxiety,
and asked open-ended questions on these topics. Partici-
pants demonstrated good understanding of benefits and
limitations of genomic testing, although the sub-scale
means observed in our sample were somewhat lower
than those observed in a study of healthy individuals un-
dergoing consent for sequencing.'” In addition, partici-
pants rated the potential benefit of receiving secondary
findings highly and did not show evidence of significant
anxiety or depressive symptoms. While the sample is
small, the oft-raised concerns of detrimental effects of a
secondary finding were not supported by these data.

A majority of participants reported being reassured by
not having received a secondary finding. Most frequently
cited reasons for feelings of reassurance included having
additional information about one’s health and a sense of
ease and/or relief at not having secondary findings. We
did detect a surprising degree of confusion among these
participants regarding the distinction of primary from sec-
ondary findings. Our questions around this issue were
asked several different ways. One tenth to nearly one third
of participants cited a better understanding of their cur-
rent, primary condition (depending on how the question
was asked) as a reason why receiving a secondary finding
would have been valuable to them. This suggests that
disappointment over negative secondary finding results
is a consequence of two related issues—conflation of
secondary with primary results and a lack of an under-
standing that a negative secondary finding result is, in
most respects, the desired result. These findings further
suggest that while a substantial majority clearly did
understand the distinction of primary condition from sec-
ondary findings and that a negative result was a favorable
outcome, there was a notable minority of individuals who
were confused on this issue, demonstrating a need for
enhanced patient communication interventions about
the nature and meaning of secondary findings.

The debate regarding secondary findings in research is
complex.'®'®1? The President’s Commission' has deter-
mined that there is no general obligation to return second-
ary genomic findings. We recognize this conclusion but
also that some research studies include clinical activities
and relationships that are indistinguishable from routine
clinical care.'® There is a wide spectrum of genomic

research activities, ranging from pure research to substan-
tial clinical activity. The NIH Clinical Center is a hospital
solely focused on clinical research, yet in this environment
many clinical tests are performed (clinical chemistry,
microbiology, imaging, etc.) and in such instances clinical
care guidelines are routinely and uniformly applied. These
considerations have been recently analyzed and recom-
mendations made for provision of secondary findings
based on the nature of the study and the relationship of
the participants and investigators.'® These considerations
include the nature of the relationship of the participant
to the researcher (clinical versus non-clinical), the nature
of the study, the attributes of the study population, and
the timeliness of the sequencing in relation to the collec-
tion of the sample.

In some respects, it may be more compelling to return
secondary findings to research participants, as compared
to those undergoing clinical sequencing. Research partici-
pants have attributes that are compatible with return of
secondary findings, such as being generally information
seeking (as opposed to information avoiding), accepting
of greater risks and uncertainties in the course of their
care, and having high levels of altruism, in that secondary
findings may benefit others in their families.”””*' For these
reasons, we suggest that there are compelling reasons to
return secondary findings to clinical research participants
who have a clinical care component to the studies in
which they are enrolled.'® Our approach of integrating a
CLIA-compliant process for secondary findings into ESGS
in the research setting offers evidence related to its effec-
tiveness in addressing unknown health risks in a protocol
that is acceptable to research participants.

There are a number of limitations of this study. The
participants were more educated than average for the US
population. The NIH Clinical Center is a research institu-
tion, not an academic medical center with a mix of clinical
and research patients. However, with respect to both of
these attributes, they are likely more representative of
research participants in general (as only individuals
engaged in a research study can be eligible to receive sec-
ondary findings from research sequencing), but may be
less generalizable to non-research patients. The process
and content of the informed consent procedures for the
parent studies were not standardized and thus the poten-
tial role of specific components of the consent process in
the outcomes we measured cannot be evaluated. The
numbers of interviews for the positive findings was small
and may not generalize to others who receive secondary
findings. The probands for the primary research studies
were a mix of children and adults and our sample size
was inadequate to perform separate analyses, which could
identify important and relevant issues of secondary
findings in adult versus pediatric research. A final weakness
of the study was that we did not measure costs. In spite of
these limitations, these pilot data suggest a number
of potentially interesting questions for further study
including how to effectively communicate secondary
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findings to ameliorate conflation of primary and secondary
findings and false reassurance from negative reports, more
effective interventions to communicate results to facilitate
sharing of information, cascade testing, and clinical evalu-
ations of secondary findings among at-risk relatives.

Overall, we have demonstrated that a hybrid research-
clinical exome-sequencing process can be implemented
in a way that provides clinical investigators with
research-grade exome data and simultaneously provides
participants with clinically validated secondary findings
analysis. We have shown the feasibility of detecting these
findings and returning them to participants by telephone
and demonstrated predominantly appropriate follow up
and little distress on the part of the recipients. We also
show for that a substantial minority of individuals who
receive negative secondary findings evaluations have
some confusion of secondary and primary results and
that further improvements in effective communication
strategies are needed to maximize the benefits of return
of secondary findings. We suggest that a secondary find-
ings process similar to CCGO could be implemented at
academic medical centers where individual research
groups are performing exome or genome sequencing but
may not have resources within their groups to support
secondary findings. This process could be implemented
through a research support facility such as a sequencing
core within a Clinical and Translational Sciences Award
(CTSA) support facility or other core facility that was con-
nected to a clinical genetic consultation service. In this
way, the subset of sequencing studies that warrant return
of secondary findings could be propetly supported.

Supplemental Data

Supplemental Data include five tables, cover letter, and genetic
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Table S3: Pathogenic or likely pathogenic variants not returned to participants as part of this sub-study either because they were
monoallelic (MUTYH) or primary variants

Gene Pathogenicit
Variant Genomic Position | Name Variant cDNA Predicted ACMG Scorin Assessmegnt CIir:IicaI
GRCh37 & Protein Change g Actio’n
MIM
) MUTYH ) ACMG: Pathogenic
chrl:g.45797228C>T 604933 NM_001128425.1:¢.1187G>A p.(Gly396Asp) PS3, PS4, PM3, PP1, PP3, PP5 Not Returned, monoallelic
chr1:8.45797230T>C MUTYH | NM_001128425.1:c.1187-2A>G p.? PVS1, PM3, PS4_Supporting, PP5 ACMG: Pathogenic
Not Returned, monoallelic
. . . PS3, PM3, PM5, PS4_Supporting, ACMG: Pathogenic
chrl:g.45798466C>T MUTYH NM_001128425.1:c.545G>A p.(Arg182His) PM2_Supporting, PP3, PPS Not Returned, monoallelic
chr1:g.45798475T>C MUTYH | NM_001128425.1:c.536A>G p.(Tyr179Cys) PS3, PS4, PM3, PP1, PP3, PP5 ACMG: Pathogenic
Not Returned, monoallelic
PMVIS2 ACMG: Pathogenic
chr7:g.6048649A>C 600259 NM_000535.5:¢.2T>G p.(Met1?) PVS1, PM2_Supporting, PP5 Returned: Pathogenic
Primary Finding
BRCA2 ACMG: Pathogenic
chr13:g.32953959 32953963del 600185 NM_000059.3:¢c.9026_9030del | p.(Tyr3009Serfs*7) | PVS1, PS4, PM2_Supporting, PP5 Returned: Pathogenic
Primary Finding
ACMG: Likely Pathogenic
T5C2 . PS3_Moderate, PS4_Moderate s .
chr16:g.2138118G>A 191092 NM_000548.3:c.5138G>A p.(Argl713His) PM2_Supporting, PP3, PP5 Returnet':l. leeIY Pa'thogenlc
Primary Finding
ACMG: Pathogenic
chr17:g.41276047 41276048del | BRCAL NM_007294.3:¢.68_69del 0.(Glu23valfs*17) | FVS1 PS4 PS3_Moderate, PP1, Returned: Pathogenic
113705 PP5 . .y
Primary Finding
IDLR ACMG: Pathogenic
chr19:g.11200230del 606945 NM_000527.4:c.6del p.(Trp4Glyfs*202) PVS1, PS4_Moderate, PM2 Returned: Pathogenic

Primary Finding




Table S3 (cont.): Pathogenic or likely pathogenic variants not returned to participants as part of this sub-study either because they were
monoallelic (MUTYH) or primary variants

Variant Genomic Position
GRCh37

Gene
Name
&
MIM

Variant cDNA

Predicted
Protein Change

ACMBG Scoring

Pathogenicity
Assessment, Clinical
Action

chr19:g.11213445C>G

LDLR

NM_000527.4:c.296C>G

p.(Ser99%*)

PVS1, PS4, PM2_Supporting

ACMG: Pathogenic
Returned: Pathogenic
Primary Finding

chr19:g.11216024T>C

LDLR

NM_000527.4:c.442T>C

p.(Cys148Arg)

PM2, PM5, PS4_Moderate, PP3

ACMG: Likely Pathogenic
Returned: Upgraded, not
included in results of study
Primary Finding

chr19:g.11216096G>A

LDLR

NM_000527.4:c.514G>A

p.(Asp172Asn)

PS3_Moderate, PM5,
PS4 _Supporting,
PM2_Supporting, PP5

ACMG: Likely Pathogenic
Returned: Likely Pathogenic
Primary Finding

chr19:g.112161717>G

LDLR

NM_000527.2:¢.589T>G

p.(Cys197Gly)

PM2, PM5, PS4_Supporting, PP3

ACMG: Likely Pathogenic
Returned: Likely Pathogenic
Primary Finding

chr19:g.11216236_11216238del

LDLR

NM_000527.4:c.655_657del

p.(Gly219del)

PS4, PS3_Moderate, PM4,
PM2_Supporting, PP5

ACMG: Pathogenic
Returned: Pathogenic
Primary Finding

chr19:g.11218160G>A

LDLR

NM_000527.4:c.910G>A

p.(Asp304Asn)

PS3_Moderate, PM5,
PS4 _Supporting, PP3, PP5

ACMG: Likely Pathogenic
Returned: Likely Pathogenic
Primary Finding

aACMG refers to pathogenicity assessments per the ACMG/AMP criteria of Richards et al. The evidence codes are as specified in that
manuscript, with the modification codes as per the ClinGen web site (https://www.clinicalgenome.org/working-groups/sequence-

variant-interpretation/)




Table S4 - Selected quotations from interviewed/surveyed participants

Quotes from interviews? with recipients of secondary findings

Participant Characteristics

Quote

Code

61-year-old female
recipient of a secondary
BRCAZ2 result enrolled in an
NIDCR study

“It was totally a shock for me. One, not knowing how to communicate to my
family, because we never knew -- | never knew we had that. And two, [...] how
do | cope with it now? That is the only downfall, | would say, that it is the
surprise. We were not expecting anything. It was a total shock, a surprise. You
know, it was not a pleasant surprise.”

Initial reactions

“I think I’'m more at ease now, and | [...] really thank God for having to go
through the other protocol that | was going [through] if it wasn’t for that, |
don’t think | would have ever found out.”

61-year-old female
recipient of a secondary
BRCAZ2 result enrolled in an
NCI study

“So, honestly all of this has been positive. I’'m very glad that | did the study
and that we found this [secondary finding] at the point where [the
researchers] did find it. So, yes, it was a surprise, but it was okay | guess this is
a good thing to know about.”

Feelings changing over
time

61-year-old male recipient
of a secondary DSG2 result
enrolled in an NICHD study

“I think it’s useful enough that | need to take action on it. [...] bad things can
happen to you and [you] go, “Oh my God, | didn’t know that.” But, in this case
I have some warning that | do.

[...] You never know when something like that’s going to pop up and cause you
a serious problem. Or it could even kill you, | guess. [...] Well, it gives me a
chance to do something about it.”

Reassured/grateful for
knowledge

Example responses® from surveyed participants who received negative secondary findings reports

Question text

Participant Characteristics Quote

Code

“In what ways do you
think learning a

22-year-old male recipient of a
negative SF report enrolled in an
NINDS study

“I think it’s very beneficial because at
the end of the day | go to sleep knowing
we are one step closer to a diagnosis.”

secondary finding may
have been useful to
you?”

55-year-old female recipient of a
negative SF report enrolled in an
NIDCR study

“...could have helped me understand
where any pain, soreness, or lack of
energy issues i have may have been
coming from.”

Better understanding of
current/primary condition




70-year-old female recipient of a
negative SF report enrolled in an
NINDS study

“Knowing how to manage or watch for
particular signs or symptoms related to
the findings”

Seek follow-up care
related to secondary
finding

“If you had received a
secondary finding, what
would it have meant for
your health and well-
being?”

20-year-old female recipient of a
negative SF report enrolled in an
NIAMS study

“If the second finding revealed that my
lupus had gotten worse, | would seek
out more help.”

41-year-old male recipient of a
negative SF report enrolled in an
NINDS study

“..it means | can more properly and
accurately deal with the issues | am
having.”

Better understanding of
current/primary condition

25-year-old male recipient of a
negative SF report enrolled in an NCI
study

“It would have meant that | would take
precautions in my life to prevent it from
developing if possible or make regular
check ups to see if something develops
fromit.”

Seek followup care
related to secondary
finding

“How valuable do you
believe this information
may have been to you
and your family?”

56-year-old male recipient of a
negative SF report enrolled in in an
NCI study

“...this disease affects not just me, it
affects the whole family support
system. information gives us power and
hope to proceed in the right direction.”

Valuable/useful

64-year-old male recipient of a
negative SF report enrolled in in an
NCI study

“Very valuable. If | can help my family
live a healthier life it is definitely worth
it.”

Valuable/useful

a-Quotes selected from various portions of interview
b-Question prompts from survey provided for each quote




Table S5: Protocol titles and NIH Institutes supported by CCGO

NIH Institute

Protocol title(s)

National Institute of Dental and
Craniofacial Research (NIDCR)

Characterization of Diseases With Salivary Gland
Involvement (NCT02327884)

Eunice Kennedy Shriver National Institute
of Child Health and Human Development
(NICHD)

Genetic Causes of Growth Disorders
(NCT02311322)

National Heart, Lung, and Blood Institute
(NHLBI)

Characterization of the Pathogenesis of Primary
and Secondary Lymphatic Disorders
(NCT02156115)

National Institute of Neurological
Disorders and Stroke (NINDS)

Genetic and Physical Study of Childhood Nerve
and Muscle Disorders (NCT01568658)

National Heart, Lung, and Blood Institute
(NHLBI)

Genes Involved in Lipid Disorders
(NCT02311335)

National Institute of Allergy and Infectious
Diseases (NIAID)

NIAID Clinical Center Genomics Opportunity
Protocol (NCT02417766)

National Eye Institute (NEI)

Whole Exome and Whole Genome Sequencing
for Genotyping of Inherited and Congenital Eye
Conditions (NCT02077894)

National Institute of Mental Health (NIMH)

Evaluation of the Genetics of Bipolar Disorder
(NCT00001174)

National Institute of Arthritis and
Musculoskeletal and Skin Diseases
(NIAMS)

Study of Systemic Lupus Erythematosus
(NCT00001372)

Natural History and Development of
Spondyloarthritis (NCT01422694)

National Cancer Institute (NCI)

Collection of Serum and Tissue Samples From
Patients With Biopsy-Proved or Suspected
Malignant Disease (NCT00026884)

National Human Genome Research
Institute (NHGRI)

Genetic, Brain Structure, and Environmental
Effects on ADHD (NCT01721720)




S1. Cover letter sent with negative findings
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Social and Behavioral Research Branch
National Human Genome Research Institute
National Institutes of Health

31 Center Drive (31/B1B36) — MSC 2073
Bethesda, MD 20892-2030

(301) 443-0283

-

Date
Dear

As you know, you recently participated in a research study at the National Institutes of Health
(NIH) whose goal was to learn the genetic cause of a health condition that affects you or a family
member. This study uses extensive genetic testing technology that allows researchers to “read
through” most of a person’s genes. This technology is called “genome sequencing.”

In addition to helping NIH investigators understand more about the genetics of a particular health
condition, genome sequencing can tell us about other genetic differences that a person may have
that are unrelated to the reason why they had the testing done. We call these differences
“secondary variants.” In the NIH study you participated in we routinely screen for secondary
variants. If we identify one or more secondary variants that could be very important for a
person’s health we notify the participant.

We have about 20,000 genes and in this study we look carefully for secondary variants that could
be important for a person’s health in only 56 of them. The American College of Medical
Genetics endorses these genes as medically actionable because we can interpret the risk to a
person’s health and we have experience in helping people manage the risk to reduce disease.
Variants in these genes are rare (about 2-3%) so most people do not have one.

The attached report indicates that we did not find any highly significant secondary variants in in
this limited set of genes. Stated another way, when looking at a very limited group of genes that,
when altered, can cause significant and treatable health problems, we did not find any genetic
variants that we think would be very important for you to know about. It is important to
remember that genome sequencing technology is not perfect. Also, the attached report is
relevant to only a very small fraction of your genes — it is very likely that there are other genetic
variants present that are not covered by this report.

Through participation in this study, we would like to ask you to complete an online follow-up
survey in three months. You will be contacted by the research team at that time with a web-link
to complete the survey. Thank you very much for participating in our study.

Sincerely,

Name of Research Assistant
NIH/NHGRI/SBRB
CCGO 0017 Research Assistant



S2. Genetic counseling outline for positive disclosure sessions

1. Introduction
a. Review of goal of primary research study
b. Definition/review of primary and secondary genetic variants
2. Contracting
a. Goal of session is to disclose a positive secondary variant
b. Provide participant with information and support necessary so that they
can initiate
i. Specific healthcare actions
ii. Familial conversations
iii. Psychosocial adaptation
3. Disclosure of result
a. Basic and brief genetics review
b. Gene and mutation disclosure
i. Evidence for pathogenicity
ii. Who carries mutation (proband only or parent as well)
c. Phenotype associated with mutation
d. Inheritance pattern of associated disorder
e. Overview of clinical recommendations specific to finding
4. Risk assessment
a. Targeted medical history
b. Targeted family history
5. Psychosocial assessment
a. Psychological impact of variant receipt
b. Limited psychosocial intervention
c. Referral if needed

a. Documentation of finding
i. Logistics of report receipt (overnight FedEx)
ii. CRIS Genetic Counseling Note
Recommendations regarding additional validation if needed
c. Referrals
i. Local genetics services
ii. Specific support group/disease information websites/resources
d. Questions/concerns
i. Understanding/clarification
ii. Familial communication/testing
iii. Barriers to referrals
e. Communication with primary team
i. Result disclosure summary
ii. Referral back to primary team for questions regarding primary
variant
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