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The impact of next-generation sequencing (NGS) on the issue of return of results is defying
clear policy guidance and creating international confusion. Limiting ourselves to the return
of results revealed by NGS (including incidental findings) in adults, children, family
members of deceased individuals, and population studies, we describe and contrast emerg-
ing policy positions in Europe, Canada, and the United States. Until there are clear, scientific,
and professional standards and practical policy, both researchers and clinicians cannot be
faulted for being either hesitant or pressured to return NGS results.

In 2006, our analysis of international policy
guidance revealed the gradual emergence of

an ethical duty to disclose genetic results, par-
ticularly in the field of biomedical research
(Knoppers et al. 2006). Research by its very na-
ture seeks to provide generalizable knowledge,
not clinical, individually identifiable results. Yet,
with next-generation sequencing (NGS) enter-
ing the research domain, this affirmation loses
its salience because of the massive amounts of
information it generates (Wolf et al. 2008).
When NGS is used in medical genetics, the po-
tential for discovering health-related findings of
clinical significance to patients and research
participants is becoming ever more prevalent
(Cho 2008). The issue of how to handle these
findings is not only topical, but also increasing-
ly challenging for both clinicians and research-
ers. The conclusions of the 2006 article cited

below may, however, have been somewhat pre-
scient of this “next-generation” future, the mul-
titude of findings using whole-genome/exome
sequencing potentially transforming research
participants into patients and researchers into
“potential” clinicians (Knoppers et al. 2006):

Resolution of the question of whether there is a
duty to return global or individual genetic re-
search results depends on the type of study, the
clinical significance and reliability of the infor-
mation, and whether the study involves patients,
genetically “at-risk” families for a tested predis-
position or healthy volunteers. Further con-
founding the emerging duty to return genetic
research results is the situation in which the re-
searcher is also a clinician and the participant is
also a patient.

Already in 2009, the Organization for Economic
Co-operation and Development (OECD) was
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circumspect about the need for choice sur-
rounding the return of results. It maintained
that in the context of population biobanks, ge-
netic research databases “should provide clear
information to the participant of the conse-
quences of receiving such results and should
inform the participant of their right to opt
out from receiving such results. Nonvalidated
results from scientific research using Hu-
man Biobanks and Genetic Research Database
(HBGRD) human biological materials, and data
should not be reported back to the participants
and this should be explained to them during the
consent process” (OECD 2009). Of particular
importance is this latter cautionary note con-
cerning nonvalidated results.

In 2013, the Declaration of Helsinki ad-
dressed the issue of return of results in a broad
manner. It held that: “All medical research sub-
jects should be given the option of being in-
formed about the general outcomes and results
of the study” (see WMA 2013). Thus, just as in
the OECD’s position cited above, and in con-
formity with both the position of UNESCO
(2003) and that of the Convention on Human
Rights and Biomedicine (hereafter Oviedo
Convention) of the Council of Europe (1997),
it recognizes the right “not to know.” Indeed, in
1997, the Oviedo Convention stated: “Everyone
is entitled to know any information collected
about his or her health. However, the wishes
of individuals not to be so informed shall be
observed” (Chapter III, Article 10.2). This is a
logical corollary of the right to know, but be-
came particularly important at the end of the
1990s as the implications of the Human Ge-
nome Project were being studied (Knoppers
2014).

Other international policies also uphold the
need to provide a nuanced approach to the re-
turn of results. Indeed, also in 2013, the Public
Population Project in Genomics and Society
(P3G) warned against automatic return of re-
sults, especially in population studies in which
citizens contribute samples and data to an in-
frastructure for future unspecified biomedical
research (Knoppers et al. 2012b). Likewise, the
European Society of Human Genetics (ESHG)
(Hens et al. 2013) recognizes the possibility of

not only such a “no return” policy for biobanks
(in contrast to clinical trials involving patients),
but also reinforces the duty to provide an option
for adults if there is a follow-up diagnostic test
for validation.

Finally, our 2015 review of return of results
legislation and policies revealed that four dif-
ferent approaches are generally used interna-
tionally for the return of results: (1) only pan-
els of specific genes or targeted sequencing
are allowed, to reduce the potential for inci-
dental findings (although this not always ex-
plicitly stated as such); (2) results can only
be returned when they meet the following cri-
teria: analytical validity, clinical significance,
and actionability; (3) an ad hoc case-by-case
determination; and (4) no return (Knoppers
et al. 2015). Recently, the 2016 ESHG Guide-
lines for Diagnostic Next-Generation Sequenc-
ing maintain that gene panels should prefera-
bly be offered, and the analysis pipeline should
focus on the gene panel under investigation to
avoid the chance of secondary findings. If a
clinical center or a laboratory decides to offer
patients an opt-in or opt-out protocol to get
carrier status for unrelated diseases and sec-
ondary findings, all the logistics need to be
covered (including pretest genetic counseling)
(ESHG 2016). The Council of Europe’s Rec-
ommendations on Research on Biological Ma-
terials of Human Origin does not mention
NGS but does recommend that researchers
have in place a feedback policy (Council of
Europe 2016).

This review then covers the spectrum of
positions on the return of results and its im-
plications from adults, to children, family
members of deceased individuals, and finally
population studies. Relying chiefly on policy
positions and consensus statements, it illus-
trates a relentless move toward the disclosure
of both research results and incidental find-
ings. This is bolstered by “client” demand
and professional abdication in face of the dif-
ficulty in distinguishing what information is
incidental. For the purpose of simplicity, we
will use the term “results” as including inci-
dental findings unless the sources cited do
otherwise.

B.M. Knoppers et al.
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ADULTS

Notwithstanding inherent and obvious differ-
ences between research and clinical care, and
cognizant of the fact that physicians have clear
ethical and legal duties to their patients, each
setting is faced with similar issues relating to the
return of NGS results in adult populations. This
section on return of results to adults will high-
light a number of these issues as well as the main
trends that are particular to clinical care and
research, respectively.

In the clinical care setting, recommenda-
tions surrounding the use of NGS in adult pop-
ulations focus mainly on counseling and on the
management of return of results. For example,
in its 2013 Recommendations on Reporting of
Incidental Findings in Clinical Exome and
Genome Sequencing, the American College of
Medical Genetics and Genomics (ACMG) called
for the implementation of pretest counseling
sessions, during which medical professionals
would discuss the expected outcomes of testing
and the type of results that would or would not
be returned to patients or their representatives
(Green et al. 2013). These same recommenda-
tions also emphasized that it is the responsibility
of the ordering clinician/team to provide com-
prehensive posttest counseling to patients
(Green et al. 2013). In dealing with difficult
posttest communications, the U.S. Presidential
Commission’s 2013 Report on the Ethical Man-
agement of Incidental and Secondary Findings
in the Clinical, Research, and Direct-to-Con-
sumer Context recommends that clinicians con-
sider “providing patients with decision aids and
graphical representations, using population-
based evidence, and describing a patient’s abso-
lute risk: “. . . rather than or in addition to rela-
tive risk” (Presidential Commission 2013).

Also in 2013, the ACMG stated that, in the
context of NGS, physicians have a mandatory
duty to disclose incidental findings and pro-
vides a list of 56 medically “actionable” genes
(Green et al. 2013). Given the fact that, as we
have just seen above, normative documents on
the return of results routinely acknowledged the
importance of respecting patient preferences
(including the right to refuse information relat-

ing to incidental or secondary findings), this
ACMG position was controversial. Following a
yearlong debate, the ACMG Board voted in 2014
to refine its policy, and recommended that “. . .
an opt-out option be offered to patients who are
considered candidates for clinical genome-scale
sequencing” (ACMG 2014). This position has
been retained in the 2015 ACMG Policy State-
ment, Updated Recommendations Regarding
Analysis and Reporting of Secondary Findings
in Clinical Genome-Scale Sequencing, which
states “. . . regardless of the specific indication
for testing, laboratories will routinely analyze
the sequence of a set of genes deemed to be
highly medically actionable so as to detect path-
ogenic variants that may predispose to a severe
but preventable outcome. Patients should be in-
formed during the consent process that, if de-
sired, they may opt out of such analysis. . . .” On
that point, recent recommendations provide
that “. . . investigators are not obligated to search
for actionable genomic variants to be returned
beyond those identified in the course of their
research” (Jarvik et al. 2014).

In contrast, the ESHG recommended that
laboratories filter results to avoid clinical inci-
dental findings (ESHG 2016). It also called for
the development of guidelines concerning in-
formed consent and the effect of professional
responsibilities on the patients’ right not to
know (Van El et al. 2013).

Existing normative documents are largely
silent on the issue of return of results for adults
who lack the capacity to consent. A Canadian
proposal for reporting results from whole-ge-
nome and whole-exome sequencing in clinical
practice in Canada (Zawati et al. 2014) high-
lighted three important factors to consider
when returning results to incompetent adults
or their legal representatives: (1) Decisions re-
garding incapable adults should be made in
their best interests; (2) incompetent adults
have the right to participate in the decision-
making process as much as is practically possi-
ble; and (3) legal representatives cannot opt out
of receiving results that reveal the existence of a
clinically significant and actionable condition
(Zawati et al. 2014). For its part, the Canadian
College of Medical Geneticists emphasizes that
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results revealing a highly penetrant medically
actionable condition should be reported to the
legal representative, unless the incompetent
adult concerned expressed wishes to the con-
trary while still competent (CCMG 2015).

Turning now to the research setting, policies
relating to the return of results for adults have
focused on three distinct stages: (1) prestudy
planning; (2) the consent process; and (3)
poststudy communication of findings.

For example, the Canadian Tri-Council Pol-
icy Statement: Ethical Conduct for Research
Involving Humans (TCPS2) requires that re-
searchers “develop a plan indicating how they
will disclose [research]. . . findings to partici-
pants, and submit this plan to the Research Eth-
ics Board (IRB)” (CIHR 2014). Similarly, the
U.K.’s Medical Research Council and Wellcome
Trust’s Framework, in 2014, states that research-
ers are expected to “. . . have a policy that indi-
cates whether or not HRFs (health-related
findings) will be fed back to individuals that
can be clearly articulated, and be able to show
the reasoning behind their policy to research
participants, funders and the Research Ethics
Committee” (MRC and Wellcome Trust 2014).
The Presidential Commission (2013) issued a
similar recommendation in its 2013 report.

The Quebec Network of Applied Medical
Genetics (RMGA) Consolidated Statement of
Principles recommend that, where researchers
plan to share findings with individuals, the re-
searchers should allow participants to make an
informed choice as to the return of results
(RMGA and GCP 2016). This recommendation
is in accordance with the TCPS2 requirement
that researchers provide participants with the
opportunity “make informed choices about
whether they wish to receive information about
themselves” (CIHR 2014). The U.S. Presidential
Commission’s report provides a more detailed
recommendation on this matter, and as such
requires that researchers convey to “participants
the scope of potential incidental or secondary
findings, whether such findings will be dis-
closed, the process for disclosing these findings,
and whether and how participants might opt
out of receiving certain types of findings” (Pres-
idential Commission 2013).

Policymakers have yet to reach a consensus
on the best and most effective way to return
research results to participants. Whereas in the
United Kingdom, the Medical Research Council
and Wellcome Trust (CIHR 2014) advocate a
“context-specific” approach to feedback, the
Canadian TCPS2 requires that feedback be pro-
vided where findings have been interpreted as
having serious welfare implications for partici-
pants, unless the researcher had requested and
obtained the REB approval for a waiver of the
obligation to disclose material incidental find-
ings to the participant, based on impracticabil-
ity or impossibility (CIHR 2014).

Expert consultations are recommended
(Presidential Commission 2013; CIHR 2014),
as are sessions with genetic counsellors (CIHR
2014). Quebec’s RMGA Consolidated State-
ment of Principles of 2016 adopts a more de-
tailed and nuanced approach, recommending
that individual research results and incidental
findings be returned where (1) they satisfy the
generally accepted criteria of clinical usage and
scientific and clinical validity; (2) exceptions
and considerations relating to research have
been appropriately weighed; (3) REB approval
has been obtained; (4) participants have opted
to receive such findings; and (5) the research
result has been confirmed by an accredited lab-
oratory before being returned to the partici-
pants. This same statement recommends that
such results be returned to legal representatives
in research involving incompetent adults
(RMGA 2016). It should be noted that each
jurisdiction has their own system of quality
assurance and certification regarding the ac-
creditation of laboratories (e.g., the United
States has CAP/CLIA).

As shown, although policy makers have en-
deavored to clarify when and if results should be
returned to patients and/or research partici-
pants, there are still a number of controversies.
These include the requirement to return medi-
cally actionable results whether in research or
clinical contexts within the confines of local
laboratory reporting requirements. This is of
particular importance in the pediatric context
where issues regarding the return of results are
more complicated.

B.M. Knoppers et al.
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PEDIATRICS

Issues that arise in the genetic testing of adults
are also applicable in the context of genetic test-
ing of minors. However, there are certain dis-
tinctions that are particular to the field of pedi-
atrics. Traditionally, pediatric ethics is framed
by the promotion and protection of the best
interests of the child. This beneficence-based
standard often recognizes the child’s “right to
an open future” (Bredenoord 2013) and en-
courages limiting the use of genetic testing to
clinically relevant and actionable results during
childhood. Clinical guidelines typically advo-
cate that testing in minors only be recommend-
ed when established, effective, and important
medical treatment can be offered or when pre-
ventive measures exist (Borry et al. 2006). This
is the case regarding predictive genetic testing of
minors for adult-onset diseases and carrier sta-
tus (ASHG 2015). The rationale behind this po-
sition is that genetic testing in these cases should
be delayed until the child is old enough to make
an informed choice.

In contrast to adult genetic testing, pediatric
genetic testing also requires that parents act as
surrogate decision-makers until the child reach-
es the age of majority. This results in possible
tensions between (1) the respect for parental
authority, (2) respect for the child’s future au-
tonomy, and (3) the potential benefit and harm
of the information to the parents, siblings, and
other biological relatives. Thus, complex issues
in returning genetic results are magnified when
dealing with minors.

Genomic information derived from NGS is
already being used to help identify the genetic
component of common health problems or
complex phenotypes (Tabor et al. 2011; Down-
ing et al. 2012; Gahl et al. 2012). In the clinic,
NGS is used in pediatrics to establish a diagnosis
for a sick child (Goh et al. 2012) to exclude the
possibility of a rare genetic disorder, to find the
gene responsible for an unknown syndrome to
identify and anticipate future health problems
(Amor 2015) or to increase the precision of
medical prescriptions (Bainbridge et al. 2011;
Hawcutt et al. 2013; Steven et al. 2013). In ad-
dition, NGS is becoming a centerpiece in inter-

national pediatric research (e.g., Children’s
Oncology Group). NGS could one day also
play a role in public health through newborn
screening programs (Knoppers et al. 2014) or
personalized screening for common cancers,
adopting a population-based genotyping ap-
proach (Hall et al. 2014).

Although there is much evidence support-
ing its usage, NGS poses challenges to tradition-
al pediatric ethical and legal norms. With NGS,
an enormous amount of health data is revealed
concerning the future health of the child. This,
in turn, challenges and intensifies the debates
surrounding the clinical usage of the informa-
tion, policies regarding the return of results,
informed consent and assent procedures, the
right of parents to know (or not to know),
and the child’s “right” to an open future. Pri-
marily, how should the best interests of the child
standard be applied in the era of NGS in pedi-
atrics? There are very few guidelines that address
this particular question.

In 2014, the P3G International Pediatrics
Platform advocated that NGS results, obtained
in a research context, that are scientifically valid,
clinically useful, and reveal conditions that are
preventable and actionable during childhood
should be reported to parents (Knoppers et al.
2014). Moreover, mutations that predispose
the child to develop an adult-onset disorder,
even if accidentally discovered, generally should
not be returned (Knoppers et al. 2014). This
allows the child to make his or her own decision
about receiving the results as an adult. However,
when such findings also concern the health of
family members, some exceptions to the general
principle are possible (Knoppers et al. 2014).

In the clinical setting, the ESHG recommen-
dations urge caution over the use of NGS for
minors. As mentioned above, the 2016 ESHG
Guidelines for diagnostic next-generation se-
quencing state that the analysis pipeline of di-
agnostic laboratories should focus on the genes
panel under investigation to avoid the chance of
secondary findings (ESHG 2016). This general
statement, although not specific to the use of
NGS in the pediatric population, goes in the
same line as previous ESHG guidelines that pro-
pose that analysis should be limited to genome

Next-Generation Sequencing and Return of Results
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regions linked to the clinical problem for which
the analysis is undertaken (Van El et al. 2013):

In the case of testing minors, guidelines need to
be established as to what unsolicited information
should be disclosed to balance the autonomy
and interests of the child and the parental rights
and needs (not) to receive information that may
be in the interest of their (future) family.

The ACMG had adopted two different sets of
recommendations regarding the genetic testing
and screening of children. The first recommen-
dation, adopted jointly with the American
Academy of Pediatrics (AAP) in February
2013, reaffirmed that diagnostic genetic testing
should be driven by the best interests of the
child and that carrier screening and presymp-
tomatic testing of children at risk for adult-on-
set diseases should generally be deferred until
maturity (ACMG and APP 2013). Accordingly,
testing for adult-onset diseases in children
would only be allowed in rare and exceptional
cases in which there would be a benefit to the
child or the family members. A month after
adopting this first set of recommendations,
the ACMG endorsed, in March 2013, a state-
ment addressed to both clinicians and labora-
tories regarding the use of secondary results ob-
tained from NGS in adults and children. In this
March 2013 statement, the ACMG stipulated
that clinical laboratories should actively search
for 56 genes associated with pathogenic muta-
tions (that can be prevented and treated) and
report these results to ordering clinicians, re-
gardless of the patient’s age and regardless of
whether the patients consented to receiving
such results (Green et al. 2013). In a subsequent
clarification statement in 2013, the ACMG reaf-
firmed its position regarding not testing minors
for adult-onset diseases but added that inciden-
tal findings of “severe, actionable, pathogenic
mutations” should be communicated to par-
ents. However, in 2014 (as noted in the above
section on adults), the ACMG’s Board voted to
provide patients with an opt-out of such NGS
testing. Peculiarly, the subsequent 2015 ACMG
Policy Statement, Updated Recommendations
Regarding Analysis and Reporting of Secondary

Findings in Clinical Genome-Scale Sequencing
(ACMG 2015) clearly stipulates that

. . . the board recommends that the same policy
should be adhered to in children as in adults; i.e.,
analysis of a set of selected genes to identify path-
ogenic variants associated with severe but pre-
ventable disease should be routinely performed.
Parents should have the option during the con-
sent process to opt-out of such analysis.

Clearly, the 2015 ACMG updated recommenda-
tions do not make a distinction between adult
and pediatric patients, although the results that
can be returned to parents/legal guardians of
children may concern pathogenic variants in
genes associated with adult onset conditions.
Parents can potentially opt out of receiving re-
sults that are medically actionable during child-
hood (ACMG 2015). This stands in contrast to a
recent policy consensus of the American Society
of Human Genetics, which mandates return of
medically actionable results in childhood. In
addition, the ACMG position is also very differ-
ent to that of the CCMG (2015). In its Position
Statement of the Canadian College of Medical
Geneticists (CCMG) concerning the clinical
application of genome-wide sequencing for
monogenic diseases in Canada, the CCMG rec-
ommends that, in children, incidental results
that reveal risks for a highly penetrant condition
that is medically actionable during childhood
should be reported to the parents. A child’s
risk for adult-onset genetic conditions should
not be communicated unless (1) the parents
request such disclosure, and (2) disclosure of
the information could prevent serious harm to
the health of a parent or family member, as
determined on a case-by-case basis (CCMG
2015).

Hence, a limited obligation to disclose cer-
tain actionable results to parents is emerging.
Parents have an obligation to provide medical
care for their children under child protection
legislation, irrespective of their personal views,
religion, or lifestyle. Moreover, given the inabil-
ity of children to provide informed consent,
parents are obliged to receive results based on
the parental obligation to act in their child’s best
interests.

B.M. Knoppers et al.
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FAMILY MEMBERS OF DECEASED
INDIVIDUALS

Almost two decades ago, the HUGO Ethics
Committee considered family as the nexus of a
variety of relationships, and stated that when
family members are at risk of having a genetic
disorder, and when prevention or treatment is
available, special consideration should be given
to the disclosure of genetic information to im-
mediate relatives. Failure to provide access to
genetic information after death could affect
the interest of present and future relatives
(HUGO 1998).

However, the return of NGS results from a
deceased person raises numerous ethical and
legal issues and requires weighing the compet-
ing rights and interests of the deceased individ-
ual with those of family members (OECD
2009). The sensitive nature of genetic informa-
tion, the time elapsed since death, the expressed
wishes of the deceased to disclose the results (or
not), the family members’ wishes to receive
them (or not), and the relevance of the results
for the health of living relatives must all be con-
sidered (Tassé 2011; Bredenoord 2012; Chan
et al. 2012; Boers 2015).

Although some international guidelines
foresee a potential conflict between (1) re-
specting the confidentiality and privacy of the
data subject, and (2) providing third parties
with potentially meaningful health information
(WMA 2002, 2006; WHO 2003), most guide-
lines state that identifiable human genetic
data and biological samples should not be dis-
closed or made accessible to third parties, in-
cluding family members, without prior consent
(CIOMS 2008). These guidelines do not specif-
ically address the case of deceased data subjects,
but they allow the disclosure of personal health
information, when provided for by domestic
laws (UNESCO 2003, 2005; OECD 2009).

Few domestic laws govern the disclosure of
genetic information contained in the medical
record of deceased individuals. For example,
Quebec’s Act Respecting Health Services and
Social Services mentions that “. . . persons related
by blood to a deceased user may be given com-
munication of information contained in his re-

cord to the extent that such communication is
necessary to verify the existence of a genetic or
hereditary disease.” However, in other jurisdic-
tions, disclosing NGS results to family members
may violate privacy laws (Rothstein 2012).

Regarding the disclosure of research results,
a consensus seems to emerge from the literature
(Tassé 2011; Bredenoord 2012; Boers 2015) and
guidelines, that genetic research results from a
deceased participant could be returned to fam-
ily members if (RMGA 2016)

1) they meet generally accepted criteria of scien-
tific and clinical validity;

2) they have significant implications for family
members;

3) the participant has previously consented that
they be transmitted to family members;

4) REB approval has been obtained;

5) the family (i.e., the persons directly affected
by the results) have consented; and

6) the research result has been confirmed.

In the particular context of NGS, these criteria
substantially reduce the extent of information
that may be returned, because only research re-
sults having significant health implications for
family members could be disclosed.

POPULATION STUDIES

The building of population studies (biobanks)
that are longitudinal in nature and that follow
the data and samples of citizens in real time in
their socio-demographic contexts is a relatively
new concept—infrastructure science support-
ing discovery science (Schofield et al. 2010). Ex-
pensive to set up and maintain, as well as diffi-
cult to explain to ethics committees acquainted
as they are with clinical trials and interventionist
research, the goal is to follow largely asymptom-
atic cohorts over time and that are representa-
tive of the population as a whole, so as to discern
trends in disease and health (Knoppers et al.
2014).

In population research, questionnaires and
the taking of blood samples are often called “as-
sessments” or “measurements” and are not to
be confused with medical care. Participants
are “information altruists” (Kohane et al.

Next-Generation Sequencing and Return of Results
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2005), often enrolled under a no-return of re-
sults policy. Although feedback on some basic
measurements and critical values at the time of
assessment or the finding of immediate life-
threatening conditions are exceptions to this
no-return rule, recontact is only foreseen for
updates of questionnaires, new measurements,
or for participation in other projects by out-
side researchers wishing to access these bio-
banks. On the whole, one exception to the no-
return policy are those biobanks built using
samples and data obtained during medical
care with recruitment led by physicians in the
context of a clinical relationship. Another excep-
tion is the add-on currently piloted in some
population biobanks, in which a set of already
enrolled participants are invited to partake in
new measurements that include magnetic reso-
nance imaging (MRI). In the new consent, these
participants are informed that certain severe
structural abnormalities will be returned to
them and provided to a physician of their
choice, if they so wish.

Communication of aggregate results is of-
fered to participants via newsletters and web-
sites. Moreover, researchers using the biobank
database are asked to return their results to the
database to enrich its quality but, generally, not
to communicate directly with participants.
Usually, all communication concerning possi-
ble participation in additional studies is han-
dled by the biobanks themselves out of fear of
both over-solicitation and possible attrition
(Knoppers et al. 2012a).

The possible effect of outside access and use
by researchers on this no-return policy was not,
however, addressed by most biobanks. Today,
these population cohorts are being approached
by disease-specific studies, for example, for “en-
hancement” studies using MRIs, as mentioned
above. Population studies are also being faced
with requests for access by researchers whose
research projects use NGS with its attendant
incidental findings. Thus, like in MRI studies,
there is now increasing pressure to inform co-
hort participants of such findings when they
are medically actionable (i.e., prevention or
treatment is available) (Knoppers and Laberge
2009).

In short, there is potential for wide variabil-
ity concerning the return of results in the con-
text of research using NGS that accesses popu-
lation studies. Although most biobanks prefer
to communicate directly with their own partic-
ipants, the possibility of including a family phy-
sician in the communication of the results if the
biobanks do not want to assume this responsi-
bility or are not trained to do so (with the ex-
ception of clinical biobanks) can have the nec-
essary support. But general physicians may also
not be versed in the language of alleles, of rare
diseases, and in the uncertain scientific validity
and clinical usage of sequencing results (wheth-
er it goes through a CLIA-certified laboratory
[in the United States] or not).

CONCLUSION

NGS is creating the blending of the clinical and
research domains, of adults and children, of
population studies, families and individuals,
and of the living and the deceased. The wealth
of data it provides can and will be translated
into knowledge over time as well as backward
and forward in time. Currently, researchers find
themselves looking at results they do not know
how to interpret, because it is outside of their
protocol, and clinicians will turn to researchers
for interpretation of NGS results for as yet un-
diagnosed etiologies. Hence, although this arti-
cle has been divided along traditional categories
of professional norms that guide research and
clinical care involving adults, children, family
members of deceased individuals, and popula-
tion studies, our analysis of the norms reveals
this slow but certain coalescing. In the interim,
although epidemiologists decide between bin-
ning or filtering of NGS results for scientific
validity (Berg et al. 2011), or in the case of fil-
tering, decide to stay within a limited range of
findings, geneticists are creating information
technology (IT) tools and primers for diagnosis
NGS (Biesecker and Green 2014). The NGS nor-
mative landscape is murky indeed. One thing is
certain, however—researchers will increasingly
find themselves measured against traditional
medical “duties” unless systemic changes, such
as oversight boards (Holm et al. 2014), are made
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to relieve them of such misaligned duties. More-
over, professional norms on the return of results
will also need to go beyond scientific criteria
and factor in the socio-ethical and legal issues
because the community fallout from NGS po-
tentially overshadows all other uncertainties
(Jarvik et al. 2014).
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netic testing results in the era of whole-genome sequenc-
ing. Nat Rev Genet 16: 553.

Kohane IS, Altman RB. 2005. Health-information altru-
ists—A potentially critical resource. N Engl J Med 353:
2074–2077.

OECD (Organization for Economic Co-operation and
Development). 2009. Guidelines on human biobanks
and genetic research databases. oecd.org/sti/biotech/
44054609.pdf.

Presidential Commission for the Study of Bioethical Issues.
2013. Anticipate and communicate: Ethical management
of incidental and secondary findings in the clinical, re-
search, and direct-to-consumer contexts. bioethics.gov/
node/3183.

RMGA. 2016. Consolidated statement of principles. Network
of Applied Medical Genetics, Quebec, Canada.

Rothstein M. 2012. Disclosing decedents’ research results to
relatives violates the HIPPA Privacy Rules. Am J Bioeth 12:
16–17.

Schofield PN, Eppig J, Huala E, de Angelis MH, Harvey M,
Davidson D, Weaver T, Brown S, Smedley D, Rosenthal N,
et al. 2010. Sustaining the data and bioresource com-
mons. Science 330: 592–593.

Steven A, De Leonibus C, Hanson D, Whatmore A, Murray
P, Donn R, Meyer S, Chatelain P, Clayton P. 2013. Pedi-
atric perspective on pharmacogenomics. Pharmacogeno-
mics J 14: 1889–1905.

Tabor HK, Berkman BE, Hull SC, Bamshad MJ. 2011. Ge-
nomics really gets personal: How exome and whole ge-
nome sequencing challenge the ethical framework of hu-
man genetics research. Am J Med Genet 155A: 2916–
2924.
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