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The return of information from genomic sequencing in children, especially in early life, 
brings up complex issues around parental autonomy, the child’s future autonomy, the 
best interest standard, and the best interests of the family. These issues are particularly 
important in considering the return of genomic results for adult-onset–only conditions in 
children. The BabySeq Project is a randomized trial used to explore the medical, behavioral, 
and economic impacts of integrating genomic sequencing into the care of newborns who are 
healthy or sick. We discuss a case in which a variant in a gene for an actionable, adult-onset–
only condition was detected, highlighting the ethical issues surrounding the return of such 
finding in a newborn to the newborn’s parents.
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Genomic sequencing (next-
generation sequencing of the whole 
genome or exome) is increasingly 
being used to diagnose rare 
disorders, individualize cancer 
treatments, and inform drug selection 
and dosing (pharmacogenomics).1 – 9 
In the near future, applications of 
genomic sequencing are anticipated 
to expand in the areas of disease risk 
assessment, carrier testing, prenatal 
screening, and potentially more.10 – 14 
This expansion is facilitated by the 
increasing feasibility of conducting 
genomic sequencing on a population 
level, which has the potential to 
revolutionize health care and 
improve patient outcomes. Genomic 
sequencing may have its greatest 
lifelong impact on newborns. Not 
only can genomic sequencing be 
used to facilitate diagnoses in sick 
newborns and infants, it has potential 
utility in newborn screening by 
identifying risk for future disease 
that can be mitigated through early 
intervention. In addition, data 
provided by genomic sequencing 
can be a resource for health care 
providers to query throughout an 
individual’s lifetime.

Recognizing that genomic sequencing 
as a component of newborn 
screening was becoming a possibility, 
the Eunice Kennedy Shriver National 
Institute of Child Health and Human 
Development and the National 
Human Genome Research Institute 
at the National Institutes of Health 
funded the Newborn Sequencing 
in Genomic Medicine and Public 
Health consortium, 4 projects used 
to explore “opportunities to use 
genomic information for broadening 
our understanding of diseases 
identified in the newborn period” 15 
(https:// www. genome. gov/ 
27558493/ newborn- sequencing- 
in- genomic- medicine- and- public- 
health- nsight/ ). The BabySeq Project 
is 1 of these projects and has a 
primary goal to explore the medical, 
behavioral, and economic impacts of 
integrating genomic sequencing into 

the care of newborns who are healthy 
or sick. BabySeq is a randomized 
clinical trial of newborns in 2 cohorts, 
that of newborns who are healthy at 
the Brigham and Women’s Hospital 
and newborns who are sick in the 
ICUs at Brigham and Women’s 
Hospital, Boston Children’s Hospital 
(BCH), and Massachusetts General 
Hospital. Within each cohort, 
families are randomly assigned to a 
modified standard of care (standard 
newborn screening plus collection 
of a family history) or to modified 
standard of care plus whole exome 
sequencing. For those in the genomic 
sequencing arm, a newborn genomic 
sequencing report is generated, 
which is used to evaluate variants in 
>5000 genes to identify pathogenic 
or likely pathogenic variants in genes 
that have been strongly linked to 
childhood-onset diseases or diseases 
for which intervention is possible 
during childhood.16 Carrier status 
for autosomal recessive conditions 
that fit these criteria is also reported. 
For newborns with a specific clinical 
presentation that potentially has a 
genetic etiology, a more in-depth 
analysis of the newborn’s sequence 
targeted to that presentation is 
available (indication-based analysis). 
Parental DNA is collected but is not 
sequenced. Parental DNA is tested to 
inform the interpretation of potential 
risk variants found in the infant. 
Parent of origin of carrier status 
findings in the infant is generally 
not determined. Parents complete 
surveys over the infant’s first year 
of life, and the infant’s health care 
provider/s complete surveys over the 
course of the study.

The initial BabySeq protocol 
(2014) only allowed for the return 
of childhood-onset or childhood-
actionable conditions (childhood 
defined as <18 years of age). 
This included diseases of known 
childhood onset (regardless of 
whether onset may also occur in 
adulthood) or diseases for which 
there is an indication for a treatment 

decision in the pediatric age range. 
The protocol did not allow for the 
return of results related to adult-
onset–only conditions, which 
include conditions for which there 
is treatment, screening, prevention, 
or other actions recommended in 
adulthood but not in childhood.

There were several reasons why 
we excluded results related to 
adult-onset–only conditions in the 
original protocol. For many years, 
the standard of care in clinical 
genetics had been to not test an 
asymptomatic child for adult-onset–
only conditions; it was felt that the 
best interest of the child was to 
protect their future autonomy to 
decide for themselves when they 
reach adulthood if they would like 
to know about their affected status 
for adult-onset–only conditions.17 – 20 
This standard of care was directly 
challenged in 2013 when the 
American College of Medical Genetics 
and Genomics (ACMG) came out 
with the recommendation that a list 
of 56 genes for “highly actionable” 
conditions be interrogated in all 
individuals undergoing clinical 
genomic sequencing for a primary 
indication and that the return of 
these “incidental” or “secondary” 
findings to patients be obligatory, 
without regard to age or preference; 
3 of these conditions were adult-
onset–only conditions.21 This  
recommendation was hotly  
debated, 22 – 24 and, subsequently, the 
ACMG modified the recommendation 
to allow for patients to designate 
their preference for receiving these 
results; however, they did not change 
the recommendation that all of the 
findings, including those for adult-
onset–only conditions, be returned 
regardless of age.25 Given the lack of 
consensus about returning results 
for adult-onset–only conditions to 
parents of children, we decided to not 
return these findings in our study.

There were additional reasons 
behind our decision to exclude 
the return of results related to 
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adult-onset–only conditions. We 
were concerned that including 
adult-onset–only conditions, with 
the immediate benefit going to other 
family members as opposed to the 
child, might cloud a family’s decision-
making process about whether to 
participate. By only reporting back 
pediatric-onset conditions, we hoped 
to better focus the family on the 
participation and potential benefits 
to the child. We also wanted to limit 
the amount of information a family 
might receive in an attempt to not 
overwhelm them.

Interestingly, the BCH Institutional 
Review Board (IRB) questioned 
our decision to exclude the return 
of adult-onset only conditions, and 
they cited pros and cons to not 
disclosing results for adult-onset–
only conditions. The IRB’s concerns 
centered around results for highly 
actionable (treatable or preventable) 
adult-onset–only conditions, because 
they recognized that returning these 
results to the child could potentially 
lead to presymptomatic or early 
detection and treatment of the 
condition in 1 of the child’s parents. 
That said, they were comfortable 
excluding these conditions to protect 
the child’s future autonomy and 
to protect against the unknown 
risks to the child and the family of 
disclosing this information. The US 
Food and Drug Administration (FDA), 
which exercised oversight over our 
protocol, was also concerned about 
the potential risk of returning results 
for adult-onset–only conditions in 
children. They eventually determined 
that our study was a nonsignificant 
risk device study (ie, it did not 
meet the definition of a significant 
risk device under §812.3[m] of the 
investigational device exemptions 
regulation [21 Code of Federal 
Regulations 812]) if we agreed to 
3 stipulations, 1 of which was that 
we report only genetic variants that 
are associated with pediatric-onset 
conditions and not on adult-onset–
only conditions.

CASE

A newborn male with medical 
problems was enrolled from the 
cardiac ICU at BCH and randomly 
assigned to the sequencing arm. The 
indication-based analysis did not 
identify any genetic findings that 
explained the medical problems in 
the infant. Although results for adult-
onset–only conditions were not being 
returned, the diagnostic laboratory’s 
variant annotation and filtration 
pipeline for the general newborn 
genomic sequencing report does 
not specifically exclude genes for 
adult-onset–only conditions. Rather, 
it includes all variants reported as 
clinically significant in either the 
Human Gene Mutation Database or 
ClinVar in any gene with a claimed 
disease association. Although 1514 of 
these genes had been precurated, 16 
genomic knowledge changes rapidly. 
Thus, the process in BabySeq is that 
the identification of a pathogenic 
gene variant in a newborn triggers 
the study team to conduct a 
thoughtful analysis and discussion 
on gene–disease validity, penetrance, 
age of onset, and actionability for 
the gene before the final BabySeq 
team return of results decision. In the 
case presented, this process led to 
the identification of a heterozygous 
known pathogenic BRCA2 variant in 
the infant, which is associated with 
a 45% lifetime risk of breast cancer 
and 11% lifetime risk of ovarian 
cancer in women, as well as an 
elevated risk of other cancers in both 
sexes.26,  27 Sanger confirmation in the 
newborn and the previously collected 
parental saliva samples confirmed 
the variant and revealed maternal 
inheritance. The 3-generation family 
history taken at enrollment revealed 
negative results for breast, ovarian, 
or other potentially familial cancers. 
The infant subsequently died because 
of his underlying medical problems.

The finding of a BRCA2 pathogenic 
variant led us to thoughtfully revisit 
the question of the return of adult-
onset–only genes. The immediate 

issue was the return of this result to 
the family. Although we had not set 
out to identify adult-onset cancer 
risk variants, once the laboratory’s 
pipeline identified this variant and 
relayed it to the research team, we 
felt it was inappropriate to withhold 
this result, because we believed it 
would be important for the family 
because of the potential impact on 
the health of the mother and other 
family members. However, the 
protocol precluded the return of such 
results, and the FDA nonsignificant 
risk determination was predicated, 
in part, on the research team not 
returning results for adult-onset–
only conditions.

We discussed this situation with 
the IRB, and they agreed that this 
information should not be withheld 
from the family. We suggested, and 
the IRB concurred, that the family 
be given the option to receive this 
class of results (adult-onset only) 
at the same time they are given the 
results of the general report. If the 
parents declined, the IRB wanted 
to be sure that the family was given 
the option to obtain such results at a 
later date. The study geneticists and 
the family’s pediatric cardiologist 
met with the parents and gave them 
the opportunity to learn about any 
actionable adult-onset–only findings, 
and both parents agreed that they 
would wish to receive such results. 
The return of the BRCA2 finding 
immediately caused the mother to 
recall additional pertinent family 
history of more distant female 
relatives on her father’s side with 
a history of breast and/or ovarian 
cancer. At the conclusion of the 
return of results and counseling 
session, the mother was given a 
referral and information to schedule 
clinical follow-up at a cancer genetics 
clinic.

The second issue was to prevent 
situations like this in the future. 
We amended the human subjects 
protocol to (1) offer optional return 
of actionable adult-onset–only 
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results, limited to those that meet 
ACMG criteria (although not limited 
to the ACMG list) and (2) require that 
both parents must opt in to receive 
the results. However, the IRB had 2 
primary concerns about the proposed 
changes to the protocol. First, they 
felt that the amendment created an 
ethical dilemma for the laboratory 
personnel if they had important 
information that they could not return 
to the family: “if the parents do not 
both consent to receive results for 
adult-onset actionable conditions, 
lab personnel may see such a result 
in the infant, but they will not tell the 
clinical team and they will not test 
the parents.” Second, the IRB was 
concerned that if 1 parent opted in 
but the other opted out, which would 
exclude the return of this information, 
the parent who would have opted in 
might be prevented from learning 
important personal information. 
The IRB stated that in a “situation 
in which one parent says yes, one 
parent says no, so parent samples 
will not be tested, but because infant 
has [actionable adult-onset finding] 
it is possible that the parent who said 
yes would benefit by knowing, even 
without having [their] own results 
(could get tested on [their] own) and 
lab personnel will know that.”

These concerns led us to modify 
the amendment such that receiving 
results for adult-onset–only actionable 
conditions would become a condition 
of participation in the study, and 
thus both parents would have to 
agree to receive such results to enroll 
their infant in the study. This avoids 
the ethical dilemma of laboratory 
personnel knowing something that 
is widely considered to be actionable 
but cannot be returned to the 
family and the dilemma of parents 
disagreeing about whether to receive 
these results, potentially depriving 
1 parent from receiving information 
that would be important to that 
parent. The amendment included 
contacting all families enrolled under 
the original protocol and offering 

them the option to consent to receive 
the result for this new class of genetic 
information. For those who opted 
in, the genomic data sets would be 
analyzed for the presence of risk 
variants meeting criteria for return. 
The modifications to the protocol 
were also communicated to the FDA 
shortly after the return of genetic 
results to the family.

DISCUSSION

The “best interest” standard has 
been a guiding principle for medical 
decision-making in pediatrics.28 
Both health care providers and 
parents are held to this standard 
when making medical decisions for 
a child. However, defining what is in 
the child’s best interest is often not 
clear-cut, especially when it comes to 
imparting genetic information about 
future risk, which could be clinically 
relevant for parents and other family 
members. If the future risk includes 
childhood risk, then providing that 
information to parents is justified 
because the parents are responsible 
for the child’s health care and well-
being, and thus it is in the best 
interests of the child for the parents 
to have that information to make 
informed decisions. On the other 
hand, if the risk is not manifest until 
adulthood, medical genetics practice 
has held that it is in the child’s best 
interest to protect the child’s future 
autonomy to make decisions about 
genetic testing for risk of adult-
onset–only diseases. Huntington 
disease, a nontreatable, autosomal 
dominant, adult-onset condition, is a 
prototype example for this policy.29  
It should be noted that this policy 
was developed in the setting of 
families with a known and highly 
penetrant genetic disease risk, and 
thus the children could be prompted 
when they reached adulthood to decide 
if they wanted to know their risk.

However, with the advent of genomic 
sequencing, the landscape has 
changed, and defining what is in the 

child’s best interest becomes more 
complex. Unlike Huntington disease 
for which the condition is known in 
the family, in the current setting in 
which genomic sequencing is being 
performed as a screening tool in 
those not known to be at genetic risk, 
the lack of reporting from genomic 
sequencing may prevent families from 
ever knowing they have a genetic risk 
and ever enabling children to act in 
their own best interest, even when 
reaching adulthood. In addition, with 
genomic sequencing, an increasing 
number of treatable conditions can 
be identified presymptomatically, 
and many of the actionable adult-
onset–only genetic conditions are 
autosomal dominant. Thus, frequently, 
1 of the parents, as well as other 
family members, also have the variant 
and are at risk. In our BRCA2 case, 
the mother carried the variant but 
was unaware of her risk because she 
inherited it from her father who was 
cancer free (men who carry BRCA2 are 
much less likely to get BRCA2-related 
cancers compared with women), and 
her female relatives with breast and 
ovarian cancer were more distant. 
In such a case in which the highly 
actionable adult-onset–only condition 
is autosomal dominant, the best 
interest of the child includes not only 
the child’s future autonomy to make a 
decision about what the child wants to 
know about him- or herself, but also 
having his or her parents alive and 
well.30

Broadening of the definition of a 
child’s best interests has led to 
several ethical models that balance 
the interests of the child, parents, and 
other family members.30,  31 The “wide 
interest model” recognizes that 
there is often no sharp distinction 
between the interests of the child 
and the interests of other family 
members.31 The “family interests 
model” 31 goes further and recognizes 
that the family unit itself has 
interests that are neither the sum 
nor a simple function of the interests 
of individual family members and 
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argues that these interests need to be 
considered when making decisions 
on behalf of children. We would 
argue that the family-interests model 
more accurately reflects the ethical 
concerns in the return of genetic 
information in childhood than the 
best-interests model. In genetics, 
the return of risk information in the 
child, whether for a childhood-onset 
condition or an adult-onset–only 
condition, to the parents provides 
for holistic medical management for 
the entire family, which is often in 
the best interest for the child. These 
principles may apply in many medical 
situations, including infectious 
or environmental risk exposures 
but are particularly relevant with 
regard to genetic diseases for which 
information about 1 family member 
may have significant implications 
for genetically related relatives. In 
our case, once the infant died (which 
occurred after the BRCA2 finding 
was discovered in the child and in 
the mother), it became clearer that 
the ethical decision was no longer 
what was in the infant’s best interest 
but instead what was in the best 
interest of the family. Highlighted in 
this situation is the central role that 
the family-interests model plays in 
genetics for which results found in 
1 family member may be relevant 
to the health and well-being of 
other family members, the basis of 
“cascade testing” (ie, testing other 
family members who may be at risk).

Highlighted in this case is also the 
ethical dilemma that occurs when 
laboratory personnel are privy to 
information that would be relevant 
to an individual but are unable to 
act on it. Some feel that if laboratory 
personnel have knowledge of 
clinically important information 
about a patient or participant 
or even a family member whose 
biological specimen was submitted 
for validation testing, they ought to 
disclose it or at least discuss it with 
the ordering physician or researcher. 
This is, in fact, the genesis of why 

the original ACMG recommendation 
on return of secondary findings 
in clinical practice included the 
obligatory return of results for 
these highly actionable conditions.21 
However, in an effort to respect 
patient autonomy while fulfilling 
the physician’s fiduciary obligation 
to act primarily for the benefit of 
the patient, the ACMG subsequently 
revised their recommendations to 
allow patients to decide if they do 
or do not want to receive actionable 
secondary findings.25 As a result, 
clinical laboratories have developed 
policies over time regarding what 
information should and should not 
be returned, allowing them to avoid 
the ethical dilemmas and instead 
follow professional guidelines and 
specific patient directives obtained 
during consent. In research, however, 
unanticipated situations may arise 
because of the nature of the study. 
In this study, the BabySeq return of 
results protocol was not explicit about 
specific genes but instead was focused 
on general criteria for return, allowing 
genomic knowledge and criteria for 
return to be evaluated on a case-by-
case basis when variants are identified 
in subjects. When the BRCA2 variant 
was identified and discussed, it was 
felt not to meet existing criteria. But 
because the team felt that existing 
criteria was not in the best interest of 
families, the protocol was adjusted.

In research, it is perfectly acceptable 
to make a condition of participation 
in a study the willingness to receive 
all clinically relevant findings, even 
those related to actionable adult- 
onset–only conditions. As a result, 
our study team pursued a protocol 
change, now approved by the IRB, to 
require the return of all actionable 
findings, including those related to 
adult-onset–only conditions, back to 
study participants.

CONCLUSIONS

The “brave new world” of genomic 
sequencing has brought to the 
forefront a number of complex 

ethical issues, especially in pediatrics 
around autonomy, best-interest 
standards, and family interests, that 
challenge previous standards set 
when genetic testing was focused 
on known conditions in the family. 
Genetic findings are often inherited, 
and the findings in a child are often 
directly relevant to the health care 
of the family. Thus, rather than focus 
only on the best interests of the child, 
it is important in genomics to also 
consider the family-interests model. 
Finally, it is important to have a plan 
for every scenario and to design a 
research protocol and consent form 
that minimizes the discovery of 
findings that the investigators are not 
prepared to return.
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