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Genomic testing, including exome sequencing, genome
sequencing, and mitochondrial sequencing, is used in postnatal
clinical settings to identify the genetic basis of undiagnosed
findings in a symptomatic individual.1–3 Such studies have a
diagnostic yield of 25–40%.4 Given the diagnostic utility of
genomic testing in a postnatal setting, it is inevitable that
genomic testing will eventually be incorporated into the
prenatal realm.
The article by Boissel et al.5 entitled “Genomic Study of

Severe Fetal Anomalies and Discovery of GREB1L Mutations
in Renal Agenesis” in this issue of Genetics in Medicine
explores the clinical utility of whole-exome sequencing (WES)
when applied to 101 stillborn or terminated fetuses with
congenital anomalies (at least two major malformations; a
structural brain malformation and/or severe ventriculome-
galy; or an anomaly in which postnatal lethality is likely). The
authors hypothesize that de novo pathogenic variants account
for a substantial proportion of severe fetal phenotypes that
may not be represented in postnatal populations due to the
serious nature of the findings. In their cohort, karyotype and/
or chromosomal microarray analysis was performed without
the identification of a cause for the fetal features and 85
fetuses also underwent autopsy. WES was then used to
determine if an underlying genetic cause could be found. In
18 cases proband-only WES was done due to a suspected
autosomal recessive condition (presence of parental consan-
guinity, more than one affected sibling, or fetal features
suggesting a known autosomal recessive condition, such as a
ciliopathy). For the remaining 83 cases, trio-WES was
completed. In this cohort the authors only considered rare
de novo variants or variants in known disease genes thought
to be associated with the postmortem phenotype. In their
search for novel disease genes, the authors chose candidate
genes based on their function in model organisms or by their
discovery in fetuses with similar phenotypes from unrelated
families. In 19 cases a molecular diagnosis was identified,
although in 13 cases the diagnosis was not suspected because
the fetal features were nonspecific, more severe, or signifi-
cantly different from what has been reported in the literature
for the known condition. Furthermore, novel candidate genes
associated with perinatal lethality were discovered.

This study and others like it that assess a prenatal cohort in
a postmortem setting are the first step toward helping
clinicians understand both the power and the problems with
genomic testing when applied in a prenatal setting. Similar to
the implementation of other diagnostic technologies into
clinical practice, the issues associated with prenatal genomic
testing are not new. When chromosomal microarray technol-
ogy was first applied in a postnatal clinical setting, issues
related to the interpretation of copy-number variants and, in
particular, variants of unknown clinical significance were
debated. As chromosomal microarray became standard of
care in a postnatal setting,6 practitioners considered under
what circumstances it should be used prenatally. Initially,
chromosomal microarray testing was offered in the context of
a fetus with multiple anomalies and a documented normal
karyotype. The platform used in the prenatal setting was
initially restricted to known pathogenic copy-number variants
to avoid the finding of a variant of unknown significance in an
ongoing pregnancy. However, within a few years, these
informal guidelines fell by the wayside and now single-
nucleotide polymorphism chromosomal microarray is fre-
quently offered to any pregnant woman who wants to assess
for a chromosome abnormality in her fetus.
To date, the highest diagnostic yield for prenatal WES has

been in fetuses with multiple anomalies or specific types of
anomalies, such as structural brain malformations,7,8 with
diagnostic rates that are similar to those reported in the study
by Boissel et al.5 Furthermore, trio testing has a slightly higher
diagnostic yield compared with proband-only testing, parti-
cularly for sporadic fetal findings in the absence of parental
consanguinity or a family history of similar findings. Such
cases are highly selected with a greater a priori risk that the
fetus has a single-gene condition.
Comprehensive genetic counseling for prenatal genomic

testing is critical. Even in selected populations of families who
are well-educated about genetic testing options in pregnancy
there is a tendency for families to view genomic testing as a
means to confirm that their fetus will be “normal.”9 Because
current WES technology is unable to detect certain genetic
changes (e.g., copy-number variants at a single-exon level that
may be undetectable by single-nucleotide polymorphism
array, nucleotide repeat expansions, epigenetic changes) and
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is not as accurate as Sanger sequencing, pathogenic variants
can be missed. Therefore, parental expectations about the
utility of WES must be managed appropriately.
In a postnatal setting, complete phenotyping, including

inspection for subtle dysmorphic features and information
about developmental progress, is possible, while such precise
phenotyping is limited in a prenatal setting. Furthermore,
laboratories that perform genomic testing use algorithms for
variant interpretation that rely on the phenotypic information
they are given. In the situation of either an incomplete
phenotype or a phenotype that diverges from the classic
syndrome, diagnostic accuracy may be lost. In the study by
Boissel et al.5 a fetus with a de novo pathogenic EP300
truncating variant had spina bifida and postaxial polydactyly
on ultrasound with the dysmorphic features of Rubenstein–
Taybi syndrome (RTS) identified at autopsy. Without being
able to assess for the recognizable facial and limb findings of
RTS, a clinician who receives this result in a prenatal setting
may not know how to counsel the family and would be
concerned that the fetus might have a secondary diagnosis
that explains the malformations in addition to RTS. If the
variant identified in EP300 happened to be a previously
unreported missense variant, a possible diagnosis of RTS may
have been overlooked. Many clinical laboratory reports use a
statement to the effect of “clinical correlation is required,”
which leaves the clinician to synthesize the genomic results
with a limited phenotype and attempt to render a conclusion
that is helpful to families who are in the midst of making
important pregnancy decisions.
Unlike the initial implementation of targeted chromosomal

microarray into prenatal testing, it may be more difficult to
target genomic testing to solely known pathogenic variants in
known disease-causing genes. This will certainly decrease
diagnostic yield, particularly for those conditions caused by
pathogenic missense variants that have not been reported
previously or pathogenic variants in novel disease genes, such
as Boissel et al.5 found with GREB1L.
Prenatal genomic testing is also plagued by practical

concerns as reviewed by Best et al.,7 such as availability of
genetics professionals who can provide pre- and posttest
genetic counseling, price of the test, turnaround time (most
women do not undergo an extensive anatomy ultrasound
until 18–20 weeks gestation), disclosure of secondary or
incidental findings, availability of both biological parents to
provide samples, and education of nongenetics providers
about the strengths and limitations of the testing. The overall
cost of implementing prenatal genomic testing has not been
systematically studied, but must take into account more than
just the price of the test itself. For example, infrastructure to
store large amounts of genomic data, further confirmatory
testing with resulting health surveillance for secondary
findings, and need for more comprehensive genetic counsel-
ing by trained genetics professionals are some of the hidden

costs.7 How receptive insurance companies will be to covering
prenatal genomic testing remains to be seen.
Genomic testing is clearly a powerful tool that augments

traditional autopsy and cytogenetic studies to determine the
etiology of significant, often multiple, malformations in
stillborn or terminated fetuses. It will most certainly expand
our understanding of the causes of severe or lethal genetic
conditions that present in the prenatal period. However,
applying this tool to a current ongoing pregnancy in which
nonspecific fetal ultrasound markers are found or in a routine
setting in which the a priori risk of the fetus having an
anomaly or single-gene disorder is low may lead to
uninterpretable findings or, alternatively, provide a false
sense of security that all genetic syndromes have been “ruled
out.” The finding of a variant of unknown clinical significance
or fetal features that are incongruent with prenatal genomic
results poses a significant ethical issue in an ongoing
pregnancy where a couple is actively making decisions about
continuing or interrupting a pregnancy. However, genomic
testing may be appropriate when multiple anomalies or
possible lethal findings are identified prenatally in a euploid
fetus after the family undergoes comprehensive genetic
counseling that addresses the limitations of the testing and
potential for secondary findings.10
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