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ABSTRACT

The detection and disclosure of secondary findings
(SFs) is a preventive strategy for medically-actionable
hereditary health conditions. Some countries have
guidelines on management and disclosure of SFs, while
others avoid detection and disclosure of SFs. This
study is a review of clinical guidelines from six
countries and the European Union to identify
similarities and differences among SF guidelines.
Evidence from this review supports harmonization of
guidelines promote  broad
international collaborations on genomics and to benefit
precision medicine. This study can serve as a reference
for development of SF management guidelines in
China by contributing evidence from other countries

to the ethical and methodological challenges under
debate.

across countries to

INTRODUCTION

Genome sequencing provides information about
disease risk, prognosis, or treatment response, and is
rapidly becoming an affordable and useful tool for
patients (/-2). Sequencing occasionally identifies gene
variants, called secondary findings (SFs), that are
neither relevant to the primary intention of sequencing
nor to the patient’s health condition. Disclosure of
these SFs to patients is much debated (3-5). Some
pathogenic variants are not medically actionable, and
the disclosure of these variants may cause the patient
anxiety (6), psychological harm (7), or information
overload (8). However, non-disclosure of some SFs
may miss opportunities to encourage patients to
consider life-planning options or accept interventional
recommendations (9—10).

The lack of consensus on SF management has led to
differences in clinical guidelines across countries (71).
For example, the American College of Medical
Genetics and Genomics (ACMG) recommends
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returning SFs that are medically-actionable and have
high penetrance, and has published a list of gene-
condition pairs that should be returned to patients on a
consent basis (/2). As a result, disclosure of SFs
becomes a preventive strategy to increase health
outcomes from genomic interventions, such as
population genetic screening and opportunistic
screening. In contrast, Canada takes a different
approach and recommends avoiding detection and
return of SFs to patients (13).

In the era of precision medicine (succinctly
described as providing tailored treatments to the right
patients), of public health and
development of healthcare technologies have benefited

maintenance

from the accumulation of vast amounts of genomic
data worldwide (74). Since SFs contribute a large
proportion of the available genomic data, discordance
between countries’ SF management and disclosure
guidelines may hinder the accumulation of genomic
data and the development of precision medicine to
address patient- and population-level health (75). In
contrast, harmonized international guidelines on
disclosing  SFs  would  benefit

accumulation and precision medicine research based

genomic  data

on genomics. Therefore, it is useful to examine county-
level SF guidelines and their concordance to inform the
development of harmonized global guidelines. Such an
examination can provide a global landscape of
guidelines for stakeholders in China, where no
guidelines on SF disclosure currently exist, and can
serve as a reference for the establishment of national
guidelines.

METHODS

Search Strategy
This scoping review compared clinical guidelines on

disclosing SFs derived from genome sequencing.
EMBASE, PubMed, MEDLINE, Web of Science, and
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HumG@Gen, an international database of law and policies
related to human genetics (/6), were searched for
published guidelines. The “grey literature” was
searched using Google and Google Scholar. The search
terms were “incidental findings,” “secondary findings,”
“unanticipated  findings,” “unsolicited  findings,”
“ancillary findings,” “opportunistic findings,” and
“accessory findings” (3—4), accompanied by terms
related to genome sequencing and communication of
results.

Inclusion Criteria

The study included documents published by
professional organizations, governments, and bioethical
committees that were relevant to SF disclosure in a
clinical setting. The review was limited to documents
written in English and published after 2010, when
genome sequencing was initially used. The selection
process included two rounds: screening by title and
abstract, followed by full-text review (Figure 1).

Summary and Comparison
Characteristics and major contents of the guidelines
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were extracted from the original documents and
included guideline title, source country, publication
year, responsible professional organization, and major
recommendations. Characteristics and
recommendations were summarized by country,
separately for adults and children.

To further guidelines, the
recommendations were summarized as succinct points,
and the guidelines for each jurisdiction were checked
for the presence or absence of these points. Results of
the presence check were placed in a table to display
similarities and differences of the guidelines.

compare major

RESULTS

Characteristics of Selected Articles
Thirteen articles were included in the review
(Table 1) and covered the leading countries in
genomics research and practice: the United States
(US), the United Kingdom (UK), Canada, Australia,
Germany, Denmark, and the European Union (EU).
Contents of the clinical guidelines are shown in

Table 2.
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FIGURE 1. Article selection process.
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Secondary findings not mentioned; Not clinical
setting; Not written in English
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TABLE 1. Characteristics of included clinical guidelines.

Country Time

No. (s) Organization Targeted population Title
Presidential Commission for o Anticipate and communicate. Ethical management of
) . Adults; childrenand . . L . 2
1 us 2013  the Study of Bioethical incidental and secondary findings in the clinical, research,
adolescents .
Issues and direct-to-consumer contexts (17)
2 us 2013 ACMG Adults; children and  Points to. consider for informed consent for genome/exome
adolescents sequencing (18)
3 us 2013 ACMG Adults; children and ACMG rgcommendatlons for reporting of mmdeptal
adolescents findings in clinical exome and genome sequencing (79)
o ACMG policy statement: updated recommendations
Adults; children and . . R . .
4 us 2014 ACMG regarding analysis and reporting of secondary findings in
adolescents e .
clinical genome-scale sequencing (20)
Children and Ethical, legal, and psychosocial implications of genetic
5 us 2015 ASHG adolescents testing in children and adolescents (27)
Adults: children and ACMG Recommendations for reporting of secondary
6 us 2017 ACMG adoles‘cents findings in clinical exome and genome sequencing, 2016
update (ACMG SF v2.0) (22)
7 Canada 2015 CCMG Adults; children and Posﬂpq statement of the Canadian college of medical
adolescents geneticists (13)
o Whole-genome sequencing in health care:
8 EU 2013 ESHG ARIIIEE ki e recommendations of the European Society of Human
adolescents .
Genetics (23)
9 EU 2015 P*G, ESHG, HUGO, and Children and A statement on the continued importance of targeted
PHG Foundation adolescents approaches in newborn screening programmes (24)
10 UK 2014  AGNC Adults; children and  Position statement on opportunistic genomic screening
adolescents (25)
11 UK 2014  PHG Foundation Adults Realising genomics in clinical practice (26)
12 Germany 2013  German Ethics Coungi Adults The f.uture of genetic diagnosis: from research to clinical
practice (27)
13 Australia 2014 RCPA Adults Implementation of massively parallel sequencing in

diagnostic medical genetic testing (28)

Abbreviation: ACMG=American College of Medical Genetics and Genomics; AGNC=Association of Genetic Nurses and Counsellors;
ASHG=American Society of Human Genetics; CCMG=Canadian College of Medical Geneticists; ESHG=European Society of Human
Genetics; EU=European Union; HUGO=Human Genome Organization; P*G=Public Population Project in Genomics and Society;
RCPA=Royal College of Pathologists of Australasia; UK=the United Kingdom; US=the United States.

TABLE 2. Contents of guidelines by country on the return of SFs in a clinical context.

Guideline Key points

» A minimum list of conditions, genes and variants should be routinely evaluated and reported to the ordering clinician who
can place them into the context of that patient’s medical and family history, physical examination and other laboratory
testing.

+ Any findings included by the list should be reported by laboratories without seeking consents from the patient and family.

us, 2013

« A clinician should be trained to communicate and interpret the results of incidental findings.

« Before performing the clinical sequencing, a written consent should be obtained from the patient, describing the
interpretive uncertainty, privacy, possible impact on other family members, and the inevitable generation of data.
« Patients have the right to opt out of the analysis of the medically actionable gene list, so that they can choose not to

Us, 2014 receive the results of IFs.
» Same policies apply to children as to adults.

« Patients must decide whether to analyze the whole set of medically actionable genes (gene list) or none of them. It is
infeasible to analyze a subset of the genes due to practical difficulties.

* The disclosure of IFs should occur only when the information has clear clinical utility.
* Informed consent should be obtained if there is a substantial likelihood of generating clinically relevant IFs.

+ Parents should be able to decline to receive IFs of their child.

* In case of IFs that indicate urgent and serious implications for a child’s health, the results must be returned regardless of
any preferences of the child and parents.

us, 2015

« It is ethically acceptable, but not required, to search for IFs that are not relevant to the clinical indication for sequencing.

* ACMG setup a new process for accepting and evaluating nominations for updates to the secondary findings list.

» Based on the previous secondary findings list, 4 genes have been added and one gene been removed. A new updated
secondary findings minimum list includes 59 medically actionable genes recommended for return in clinical genomic
sequencing.

» Clinical genetics records should be maintained indefinitely except those that have minimal importance to future interaction
in genetics with the patient or other family members.

us, 2017

Canada, 2003
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Guideline

Key points

Canada, 2015

Canada and
Europe, 2015

UK, 2011

UK, 2014

Denmark, 2012

Europe, 2013

Germany, 2013

Australia, 2014

* Avoid the discovery of SFs, and focus on the primary indication of the test.

» Genome sequencing should only be considered when proved useful in the evaluation process and a selective filtering
process is recommended.

* The adult patient should have the right to receive or not to receive the results.
* The results of the child must be returned to the parents if ACA criteria are satisfied.

* Targeted tests are recommended.

« If treatment or prevention is available during childhood and the variant indicates a serious problem, the IFs should be
reported to parents.

* When carrier status information is relevant to parents for reproductive choices, they could be offered this information.

« Parents may also be offered information regarding unsolicited findings that are severe and clinically actionable relevant to
their own health.

* The possibility of incidental findings should be minimized. Targeted tests or analyses are preferred.
* Physicians have no obligation to provide IFs irrelevant with clinical question.
+ Informed consent is not sufficient to deal with IFs.

» Where variants are of unknown significance, the responsibility to investigate might be less clear.

* National Health Service (NHS) should adopt targeted tests using gene lists, which have greater clinical utility then
WGS/WES.

* It should minimize the generation, interpretation and disclosure of IFs, because the potential harms are likely to outweigh
the potential benefits.

* Informed consent should be obtained from patients if it is necessary for WGS/WES, which should include the possible
generation of IFs.

* Disclosure decisions will be informed by clinical judgement, though patients should have opportunities to express views
on disclosure.

« Patients should be given the opportunity to opt out of re-contact.

+ Patients should be informed that the sequencing data would be stored in a secured, comprehensive, and accessible NHS
database.

» A multidisciplinary committee and many evidence-based studies are needed on the return of IFs.

« Patients should be given a “degree of involvement in deciding whether, and to what extent, they are to receive feedback
on any incidental findings.”

* Genetic testing should be accompanied by “impartial and comprehensive information as well as counseling, both before
and after testing.”

* Targeted genetic tests are much preferred because they can avoid incidental findings that cannot be interpreted.
» Known genetic variants with limited or no clinical utility should be filtered out.

« Patients’ claims to a right not to know about findings do not automatically override professional responsibilities.

+ Guidelines for testing minors should be established to balance the autonomy and interests of child and the parental rights
of not receiving IFs of the child.

*» The council refutes the idea that the doctor has the right to inform relatives of the patient who might also be affected by
the genetic condition, or to recommend them to get genetic counseling.

* Prenatal genetic diagnosis should only be conducted if there is an increased risk of a genetic disease.

« If the genetic information is irrelevant with the health of the born child, this finding should not be communicated to the
pregnant woman.

» Genomic testing should have a sound evidence base before prescription.
* Targeted testing measures are recommended to avoid or minimize incidental findings.

« Clinicians should use standard practices in deciding whether to return IFs given the patient has agreed to it.

Abbreviation: ACA=analytic validity, clinical significance, and actionability; ACMG=American College of Medical Genetics and Genomics;
IFs=incidental findings; SFs=secondary findings; WES=whole exome sequencing; WGS=whole genome sequencing; UK=the United
Kingdom; US=the United States.

Clinical Guidelines for Adults
US: In 2013, the US Presidential Commission for
the Study of Bioethical Issues recognized the necessity
organizations to guide the
of SFs (17). The

Commission recommended that patients should be

for  professional

management and disclosure

700 CCDC Weekly / Vol. 4/ No. 32

informed of the possibility of SFs, the scope of SFs that
will be communicated, and the steps of discovering
SFs, and that patient preference not to know SFs
should be respected. In response, ACMG published
two documents in 2013 (18-719). One document
emphasized that patients should be informed of the
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possibility of finding SFs for which there may be
interventions to prevent disease or reduce disease
severity. The other document was specific to the
reporting of SFs, and provided a list of reportable gene-
condition pairs. ACMG recommended that listed
variants should be reported regardless of the indication
for sequencing and regardless of the age of the patient,
including to minors. In 2014, ACMG updated its
guidelines with two notable modifications: 1) patients
should have the right to opt out of SF detection, and
2) once patients consent to the analysis, the entire list
should be analyzed (20). In 2017 and again in 2021,
ACMG updated the guidelines and extended the list of
gene-disease pairs to additional SFs (12,21). ACMG
also recognized that reporting SFs may introduce costs,
impact individuals and families, and generate medical,
legal, social, and economic ramifications that need to
be assessed.

Canada: In 2015, the Canadian College of Medical
Geneticists (CCMG) published guidelines that
recommended a cautious approach towards the return
of SFs to patients (13). Recognizing that reporting SFs
is controversial, CCMG recommended focusing on the
primary indication of the test, avoiding the discovery
of SFs as much as possible. However, CCMG
recommended that patients have the option to request
and receive SFs.

EU: In 2013, the European Society of Human
Genetics (ESHG) published guidelines recommending
that SFs that are not interpretable or medically
actionable should be avoided (22). However, if an SF
indicates a serious health problem and is medically
actionable, it should be reported to the patient,
overriding the patient’s desire not to know.

UK: In 2014, the PHG Foundation published
recommendations  suggesting ~ minimizing  the
generation, interpretation, and disclosure of SFs (23).
In the same year, the Association of Genetic Nurses
and Counsellors (AGNC) published a position paper
stating that patients always have the right to opt-out of
receiving SFs and that physicians should only disclose
SFs if patients choose to receive them (24).

Germany: The German Ethical Council recognized
the possibility of SFs with genome sequencing and
recommended that the discovery of SFs should be
avoided due to a lack of evidence on its benefits (25).
The patient’s right not to know was emphasized.

Australia: In 2014, the Royal College of Pathologists
of Australasia (RCPA) published guidelines and
recommended that patients should be informed of the
types of SFs that may be generated and reported, and
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have the option of not receiving SFs (26). Without a
specific list, RCPA suggested that the return of SFs
should be limited to variants that are pathogenic and
deemed reportable.

Clinical Guidelines for Children

US: ACMG recommended the same policy for
children as for adults. That is, once consent is
obtained, SFs identified according to the ACMG SF
list should be returned to the parents. Parents should
have the option of opting out of the analysis for their
child. In 2015, the American Society of Human
Genetics (ASHG) published a specific position
statement for children and adolescents, recommending
that physicians should disclose SFs with clinical utility
for the child and/or family members if the parents
choose to receive them. If the SFs indicate a serious
health problem for the child, disclosure should override
parental preference.

Canada: CCMG recommended that physicians only
recurn SFs to parents that indicate childhood-onset
with  high penetrance and medical
actionability. Variants that are associated with adult-
onset conditions should not be reported, unless the

conditions

parents want to receive them or disclosure could
prevent serious harm to family members” health.

EU: ESHG stated that benefits to the family
members should be considered in a decision to disclose
a child’s SF. In 2015, several professional organizations
published a joint statement specific to newborn
screening programs, recommending use of targeted
sequencing to avoid irrelevant findings and focusing on
the primary indications for testing (27).

UK: AGNC recommended that detection of
children’s SFs associated with adult-onset conditions

should be avoided.

Similarities and Differences in Guidelines

Table 3 shows similarities and differences between
guidelines from the different countries. In terms of
general attitude, the US guidelines take a more positive
stance compared with other countries. For example, in
the US, physicians have the right to search SFs with
patient consent and they should return SFs to patients
if the findings are on the ACMG SF list. Guidelines
from other countries do not support physicians’ right
to search SFs. Instead, they prioritize patients’ right to
know or not to know any genomic findings. For
children, the US uses the same guidelines used for
adults, while the ESHG provides separate
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TABLE 3. Comparison of guidelines on returning SFs in clinical setting.

Category us Canada

UK Australia Denmark Germany EU

General attitude
Positive attitude \
Negative attitude \
Minimization of SFs
No Harm principle
For adults
ACA criteria y
Partial ACA criteria
Informed consent
Right to know v
Right not to know J \
All-or-none policy
For clinicians
Must-return regardless of preference \
Obligation to disclose \
No obligation to disclose
Right to search
No obligation to search
Case-by-case determination
Decision by physicians
For children
Specific guidelines for children
Policy for children same as for adults N
For genomic data
Data protection \

Confidentiality v

\/
\/

Abbreviation: ACA=analytic validity, clinical significance, and actionability; SFs=secondary findings; All-or-none policy=patients could
choose to receive all SFs or none of them; UK=the United Kingdom; US=the United States.

recommendations for children.

Lack of Evidence

The studied guidelines are discordant, reflecting
three key differences. First, there is insufficient clinical
evidence concerning the range of SFs that should be
returned to patients. The ACMG guidelines
recommend that only SFs associated with monogenic
disorders be returned, and that SFs associated with
disorders caused by structural repeat
expansions, or  copy-number  variations  are
insufficiently understood to be listed. Second, the
health benefits of returning SFs are not clear. The
CCMG guidelines recommend a cautious approach
because the benefits of disclosure are not well
established. The AGNC statement indicated that

robust evidence for the benefits of SFs is needed.

variants,
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Third, there is a lack of evidence for the impact of
disclosure on patients, physicians, and the healthcare
system. For example, returning SFs that indicate
disease risk will probably lead to confirmatory testing.
If the disclosure becomes a routine practice for every
patient, the downstream costs may become a financial
burden for the healthcare system.

DISCUSSION

This study reviewed clinical guidelines of several
countries concerning disclosure of SFs derived from
genome  sequencing.  The identified
discordances between guidelines, as some countries
take an open attitude towards disclosure, while others
take a more cautious attitude. All guidelines value
patient autonomy and the potential benefits of

review
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disclosing SFs with high penetrance and medical
actionability. Generating new evidence for updating SF
management guidelines is warranted.

Concordant Global Guidelines

are Needed

SFs represent an important source of genomic data
and are critically important for genomic research and
precision medicine (28). Since the generation of valid
evidence on the clinical implications of variants
requires much larger datasets than do other medical
research areas, it is necessary to collate clinical genome
data internationally, including the retrieval of SFs. For
example, recent studies usually employ genome data
from nearly 300,000 participants (29). Ideally,
international genome data should originate from
multi-center, multidisciplinary, large-scale studies on a
worldwide scale. Therefore, international collaboration
on genome data is required.

Considering the significant role of SFs in the
accumulated genomic data, globally concordant
guidelines on detecting and disclosing SFs would
greatly benefit the merging of genome data across
countries and support large-scale international
collaborations  (77). Advances in genomic data
accumulation may boost progress in genomic research
and precision medicine, and the whole of society may
be able to fully harness the benefits of genome
sequencing.

Patient and Physician Preferences for

SF Disclosure

Current guidelines recognize that some patients may
want SFs returned and some patients may not.
Understanding psychological motivations of wanting
or not wanting to know SFs may provide important
evidence for updating current guidelines. Methods
such as discrete choice experiments (DCE) (30-31)
and best-worst scaling (BWS) (32-33) would be
appropriate  tools to investigate  psychological
motivation (5,34).

Physician preferences on SFs disclosure are also
fundamental for clinical guidelines. If physician views
are not incorporated, the guidelines may lack
consensus and generate much debate among physicians
(35). Updated guidelines should consider the
circumstances under which physicians decide to return
SFs, irrespective of patient preference. It would be
valuable to identify factors behind physicians’ decisions
and simulate the effect of the factors (5). Regier et al.
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(2015) and Jiang et al. (2020) utilized DCE to elicit
patient and physician preferences towards the return of
SFs in Canada (5,36). Generation of more evidence on
preferences for disclosure is warranted.

A Research Agenda to Inform

Guidelines for China

Genomics-based precision medicine is increasingly
being studied and used in China to advance healthcare
technologies (37). For example, the China Precision
Medicine Initiative (CPMI) is accelerating genomic
research (38). The lack of guidelines on SF disclosure,
however, indicates that precision medicine is at an
early stage in China. Physicians and patients have no
recommendations to follow when SFs are identified.
Professional guidelines are needed to provide support
and guidance to SF detection and disclosure in China.
This review provides stakeholders in China with a
landscape of international guidelines and their
similarities and differences that can contribute to the
development of guidelines in China.

Cost-effectiveness analysis (CEA) of disclosing SFs is
important evidence supporting guideline development.
CEA is an established method to inform decision-
makers about the value for money of different
healthcare technologies, interventions, or policies
(39-40). However, CEAs that examine the value of
returning SFs face methodological challenges due to
the long-term impact of sequencing on quality-of-life
downstream  interventions  after
sequencing (47). Implementation of CEAs on
returning SFs in China faces additional challenges,
including measurement of quality-of-life, long-term
financial impact, the use of modelling techniques to
capture the impact of downstream interventions, and
appropriate reimbursement thresholds (39,42-43).

and numerous

Researchers may need to overcome methodological
difficulties to determine whether disclosing SFs is cost-
effective in China. Such economic evidence is of
critical importance for decision-makers developing
guidelines on SF disclosure.

CONCLUSIONS

This study identified differences and similarities
between several countries’ clinical guidelines on return
of secondary genomic findings to patients. Evidence
should be established on which SFs to return, the
health benefits of disclosure, and the impact of
disclosure on patients, physicians, and the healthcare
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system.

This study brings attention to the differences
between clinical guidelines and supports calls for
greater harmonization of guidelines across countries.
Concordant  guidelines would promote broader
international collaboration on genomics and thus may
help fully harness the benefits of genome sequencing
for all.

This study provides a landscape of international
guidelines for stakeholders to use as a reference for
developing local guidelines on SF disclosure in China.
More economic evaluations on the cost-effectiveness of
returning SFs to patients are needed to facilitate the
establishment of SF management and disclosure
guidelines in China.
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