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Background: InWestern cohorts, the prevalence of incidentalfindings (IFs) or incidentalome, referring to variants
in genes that are unrelated to the patient's primary condition, is between 0.86% and 8.8%. However, data on prev-
alence and type of IFs in Asian population is lacking.
Methods: In 2 cohorts of individuals with genomic sequencing performed in Singapore (total n = 377), we ex-
tracted and annotated variants in the 56 ACMG-recommended genes and filtered these variants based on the
level of pathogenicity.We then analyzed the precise distribution of IFs, class of genes, relatedmedical conditions,
and potential clinical impact.
Results:We found a total of 41,607 variants in the 56 genes in our cohort of 377 individuals. After filtering for rare
and coding variants, we identified 14 potential variants. After reviewing primary literature, only 4 out of the 14
variants were classified to be pathogenic, while an additional two variants were classified as likely pathogenic.
Overall, the cumulative prevalence of IFs (pathogenic and likely pathogenic variants) in our cohort was 1.6%.
Conclusion: The cumulative prevalence of IFs through genomic sequencing is low and the incidentalomemay not
be a significant barrier to implementation of genomics for personalized medicine.

© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Incorporation of whole genome or exome sequencing (WGS/
WES), hereafter referred to as genomic sequencing, in medical prac-
tice raises the disquieting issue of incidental findings (IFs), which has
important and potentially far-reaching implications (Green et al.,
2012; Knoppers et al., 2013; Wolf et al., 2012; Roche and Berg,
2015; Hegde et al., 2015; Ayuso et al., 2015; Krier and Green,
2015). IF, also called secondary findings and occasionally referred
to as incidentalomes, are mutations in genes unrelated to the prima-
ry condition (phenotype) of the patient (Krier and Green, 2013). As
genomic sequencing is a phenotype-agnostic test, it is not surprising
that detection of IFs is of major concern and requires the decision of

whether and how return of these results to the individual should be
practiced (Krier and Green, 2013). Another concern revolves around
the additional burden this creates on the healthcare system. Individ-
uals with medically actionable IFs will require long-term surveil-
lance and anticipatory care, which is acceptable when it is
appropriate, but may be hard to justify if there is only uncorroborat-
ed evidence for the pathogenicity of the mutation in question: e.g.
even if the gene is a causal gene for the condition, the mutation
could be a novel one and never reported before for the condition.

The American College of Medical Genetics and Genomics (ACMG)
has recommended return of IFs for a minimum set of 56 actionable
genes, where prevention and surveillance may significantly reduce
mortality and morbidity (Green et al., 2013). While these 56 genes rep-
resent rareMendelian disorders, backed by substantial years of prior re-
search and clinical experience, mutations in these genes are indeed
highly medically actionable and include well-publicized ones like
BRCA1 and BRCA2. By being classed as “medically actionable”, these
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genes were prioritized to include disorders where preventative mea-
sures and/or treatments are available. For example, patients withmuta-
tions in cardiomyopathy-causing genes such asMYH7may have annual
electrocardiogram (ECG) and echocardiography. Individuals with path-
ogenic mutations in these genes might be asymptomatic for long
periods of time and therefore amenable to early intervention and pre-
vention to reduce mortality and long-term morbidity. Patients with
pathogenic BRCA1 and BRCA2mutations have an 80% and 45% risk of de-
veloping breast cancer, respectively (Ford et al., 1998). Identification of
a pathogenic variant in BRCA1/BRCA2 significantly reduces the risk of
developing breast cancer as close surveillance by an oncologist with
clinical assessment, self-examination, mammogram and/or breast MRI
allows for early detection, which, in turn leads to reduced morbidity
and improved survival (Krier and Green, 2015; Krier and Green, 2013;
Green et al., 2013; Ford et al., 1998; Warner et al., 2004). However
about 50% of women harboring BRCA1/BRCA2 mutation do not have a
family history (Loman et al., 2001) and, hence, screening for breast can-
cer may not be recommended in this group of women. Indeed the abso-
lute prevalence of breast cancer in this group of women is unclear. The
incidental identification of individuals with these disease causing vari-
ants therefore allows the recommendation of follow-up screening offers
a net benefit to individuals and society. Overall, the selection of these 56
genes may be conservative because many other genes are becoming
medically important and actionable by the month.

The European Society of Human Genetics (ESHG), on the other hand,
has recommended against using genomic sequencing in the clinic, and in-
stead recommends the use of targeted genomic tests; clearly in an effort
to avoid the scenario of unexpected IF (van El et al., 2013). However, as
the cost of genomic sequencing continues to drop, genomic sequencing
inpractice is inevitable and IFwill be clearly an issue thatwe cannot avoid.

Although with good intent, the first issue that arises from such rec-
ommendations includes lack of data on the frequency of IFs to deter-
mine the burden on the testing laboratory as well as the referring
physician and even the healthcare system. A recent review of exome se-
quencing data from 1000 individuals (500 European and 500 African
descents) recruited in the National Heart, Blood and Lung Initiative
(NHBLI) Exome Sequencing Project (ESP) estimated the prevalence of
IFs at 3.4% for European descent and 1.2% for African descent
(Dorschner et al., 2013). A follow-up study expanded to include 6503
individuals (4300 European and 2203 African ancestry) estimated the
frequency of IFs at 1.7% for individuals of European ancestry and 1.0%
for African ancestry (Amendola et al., 2015). In unrelated cohorts, IFs
were detected in 8.8% of the participants recruited through National In-
stitute of Health Undiagnosed Disease Program (n = 543) (Lawrence
et al., 2014), 0.86% in the Baylor-Hopkins Center for Mendelian Geno-
mics (n = 232) (Jurgens et al., 2015), and 1.9% in the UK WGS500 co-
hort (n = 500) (Taylor et al., 2015). Within Asia, a review of 196
Korean exomes detected IFs in 7% of control subjects (n = 100) and
6% of patients with disease (n = 96) (Jang et al., 2015). Although
Singapore is a nation gearing up for genomics (Manolio et al., 2015),
such data is lacking for an Asian population and hence, there are no pol-
icies and recommendations regarding IFs in Singapore. In this study, we
set out to estimate the prevalence as well as define the types of IFs
found in genomic sequencing that was performed in 2 cohorts of the
Asian population in Singapore. Singapore, as an island country in
South East Asia, is uniquely dominated by immigrant ethnic groups,
comprising Chinese, Malays, and Indians. The IF analysis from our
study should hence be representative of the profile in South East Asia.

2. Methods

2.1. Patient Recruitment

Individuals were recruited through institutional ethics review board
approved genomics projects. Informed consent was obtained from the el-
igible individual (or parent/legal guardian, when the individual is a

minor). Sequencing data of these individuals was anonymized, de-
identified and analyzed in a cumulative manner.

2.2. Genomic Sequencing

Blood samples were obtained from the consented individuals and
DNA was extracted by established methods. Samples were sequenced
on HiSeq 2000/HiSeq 2500 or Ion Proton using established protocols.
Data generated from genomic sequencing were aligned to the human
reference genome using established bioinformatic algorithms and soft-
ware (e.g. BWA-MEM followed by SAMtools to generate SAM/BAM
files) (Li and Durbin, 2009). BAM files were processed using GATK
(DePristo et al., 2011) to generate variant calling format (VCF) files.

2.3. Gene List Development

The list of genes we chose to analyze was confined to the 56 action-
able genes recommended by ACMG (Supplementary Table 1) (Green
et al., 2013). These genes were selected on the basis that deleterious
variants would lead to specific conditions of high disease penetrance,
for which evidence-based medical recommendations are available, im-
plementation of which would arguably help towards preventing signif-
icant morbidity and mortality.

2.4. Bioinformatic Filtering

Variants were quality filtered to exclude false positives according to
standard thresholds (Quality scores N30, coverage N10×, and absence
of clustered variantswithin awindow size of 10 variants). Fromvariants
that passed this threshold, we extracted variants in each of the 56 genes
in our gene list (Appendix 1) (Green et al., 2013). We then annotated
the variants using our in-house bioinformatic pipeline to include infor-
mation regarding the gene, chromosomal coordinate(s), genetic
change, protein change, type of mutation (frameshift, nonsense,
nonsynonymous, splicing, and synonymous); prediction of the variant
from multiple algorithms (Polyphen-2, Adzhubei et al., 2013, SIFT, Ng
and Henikoff, 2003, likelihood ratio test and MutationTaster2, Schwarz
et al., 2014), allele frequencies in different databases (Exome Sequenc-
ing Project, dbSNP, 1000 Genomes, Complete Genomics, Exome Aggre-
gation Consortium, and our in-house database of common variants
(present in N5% of the population)), and annotation of variants in clini-
cal mutation databases like Clinvar (http://www.ncbi.nlm.nih.gov/
clinvar/), and Human Genetic Mutation Database (http://www.hgmd.
cf.ac.uk/ac/index.php) (Fig. 1). We then further analyzed the variant
as per our filtering strategy illustrated in Fig. 1.

Fig. 1. Filtering strategy.
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