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Abstract
InWhole Exome Sequencing (WES) andWhole Genome Sequencing (WGS) approaches, incidental findings (IFs) or more precisely
secondary findings (SFs) have indicated controversial reports. To address SFs issues, well-known guidelines have been released
such as the versions of the American College of Medical Genetics and Genomics (ACMG); however, when, to whom, why, and how
these SFs should be reported are the key questions that need to be addressed ethically. The current review aimed to investigate the
papers with a focus on the ethical approaches regarding IFs/SFs. In this comprehensive review, we searched the PubMed database
for related publications, and 58 papers were selected as the narrowest reports. There was a positive tendency to disclose the SFs by
the professionals and an enthusiasm in patients to be informed about all of their genetic reports. Several studies have addressed that
guidelines could not cover all aspects of IFs/SFs ethically and medically. The main focus of these studies was the modernized opt-in
informed consent according to some items including prenatal/post-natal or pediatric/adulthood issues. Other foci are genetic variant
clinical actionability, cancer status, population-based backgrounds, time- and cost-effectiveness, the education level of subjects and
clinicians, and the combinations of pharmacogenomics findings to introduce medicinal treatments and personalized prescriptions
leading to more suitable healthcare. Altogether, concerns remain about the ethical approaches in the SFs; however, the present
review introduced remarkable solutions which will be ethically and practically possible to be utilized. This review also found that
recent reports are concentrated on the high-volume Exome Sequencing tests of subjects from biobanks and healthcare centers.
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1. Introduction

In the context of Whole Exome Sequencing (WES) and
Whole Genome Sequencing (WGS)z, incidental findings
(IFs) have been a controversial topic. An IF of secondary
finding (SF) is typically described as a finding regarding
a specific research result that has prospective relevance
to health or reproduction and is identified during research
but it is not in the scope of the study [1]. “However, as
Whole Genome Sequencing (WGS) and Whole Exome

Sequencing (WES) become more prevalent in clinical set-
tings, concerns have grown to include findings that, while
personally significant, are unrelated to the primary thera-
peutic purpose of the sequencing.” The American College
of Medical Genetics and Genomics (ACMG) released a
guideline on the points to consider in the clinical utiliza-
tion of genomic sequencing in 2012. The guideline cau-
tions that when interpreting secondary findings (SFs) or
results uncovered during the screening of asymptomatic
individuals, the criteria for what is deemed reportable
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must be stringent to avoid overwhelming the healthcare
system and individuals with potentially large numbers of
false positives [2]. Consequently, the ACMG established
a working group to make recommendations on how to
handle IFs in clinical sequencing [3].

In March 2013, the working group published a list
of recommendations for reporting IFs in clinical exome
sequencing (CES) and genome sequencing (GS) [4]. On
one view, the recommendations took severely the need to
limit IFs to solely those with obvious clinical relevance
and actionable results. They offered a meticulously se-
lected list of particular variants that, in their opinion, must
be clinically reported. On the other view, the enthusiasm
with which these variants were chosen appears to have in-
spired the Working Group toward making decisions that
dramatically deviate from current practice and policy.

“Initially, the recommendation was that clinical se-
quencing laboratories should be responsible for thoroughly
searching for the variants specified in the guidelines and
including these findings in clinical reports, rather than fo-
cusing solely on the intended objectives of the clinical
sequencing. Additionally, the guidelines advised against
considering patient preferences when reporting these re-
sults.” In other words, regardless of whether the patients
or their caregivers want the details, everyone should re-
ceive all the suggested results. Especially, sequencing on
children is included in this guideline [3]. While the profes-
sionals agree with the Working Group’s desire to respect
beneficial effects by giving the patients any information
that may improve their future medical care, they find the
recommendations hard to implement from both an ethical
and a practical standpoint. They not only questionably
reinterpret IFs but the inference that physicians should
override individualized autonomy for the patient’s ‘own
benefit’ is barely supported in current clinical ethics [3].

2. Materials & Methods

Based on both lacking a gold standard guideline to cover
all ethical approaches and the increasingly various view-
points of clinical professionals (geneticists, lab experts,
and physicians), in the current review we searched the
PubMed database comprehensively for literature on the
IFs or SFs from 2011 to 2023. To get a deeper view of the
ethical issues resulting from SFs, the present study aims
to categorize the concerns as the causing factors and in-
troduced the solutions for future guidelines to use these
recommendations. In summary, considering the initial re-
ports and the issues which recent reports are struggling
with them, there are some solutions for SFs disclosure
with higher priority that need to be focused including
professionals’ standpoints, patient education, personal-

ized opt-in decisions, cancer status regarding somatic and
germ-line reports, pharmacogenomics approaches, clini-
cal actionability of the SF genetic variants, and financial
issues.

3. Results

3.1. Concerns

The concerns of reporting IFs/SFs include informed con-
sent, controversial reports, penetrance of IFs/SFs variants,
lack of functional studies, true positive versus false posi-
tive IFs/SFs, and Costs (Table 1).

3.1.1. Informed Consent

The variety of recommendations and consent forms, as
well as the inclusion of controversial statements and crite-
ria, result in a non-standard policy for IFs/SFs. However,
only a few reports have examined the practical application
of policy standards for IFs/SFs, with an emphasis on exist-
ing reporting procedures in the framework of clinical ES.
An investigation conducted in the United States discov-
ered a wide range of policies concerning the range of re-
portable IFs/SFs (which are much beyond the ACMG list)
and various opt-in and opt-out options [5]. The informa-
tion produced by genome sequencing will be both health-
associated (present and future) and non-health-associated.
Along with information related to medical manifestations
for testing on an ES/GS platform, they are as follows:
gene-variant carrier condition, which might have effects
on reproductive decision-making; data on disease vulnera-
bility or predisposition; data about ancestry that may have
medical value in the future; and detection of previously
unknown disorders. A few phenotypes might allow for
narrowed targeting, whereas others (for example, intellec-
tual disabilities or autism spectrum disorders) might make
the bulk of the exome available for analysis. Modern
methods are used in both prenatal and postnatal contexts
in addition to both somatic and germ-line examinations.
IFs might be as essential to a family as they are to a per-
son in some situations. A significant emphasis is made on
circumstances in which the laboratory and clinician are
given data that appears to be irrelevant to genes known
to be connected with the trait that prompted screening.
These circumstances are as follows:

1. A medical geneticist or an associated genetic coun-
selor should provide counseling before beginning
ES/GS, and formal patient consent should be in-
cluded;

2. IFs/SFs found in either children or adults might be
of significant clinical relevance, for which there
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Table 1: The concerns regarding SF reporting with brief descriptions.

Item Description
Informed consent The variety of recommendations and consent forms, as well as

the inclusion of controversial statements and criteria, result in
a non-standard policy for IFs/SFs.

Controversial reports on the variant The differences between the guidelines reports and some
reports on a common SF report.

The penetrance of IFs/SFs variants Lack of specifying the lower and higher penetrance in the age
group and between cancer and non-cancer patients.

Lack of functional studies Lack of complementary functional investigations of some
reports; especially case reports which are growing fast.

True positive versus false positive IFs/SFs More replicative reports of precise clarifying of a clinical
condition caused by a variant lead to a higher threshold of
positive findings. This issue will emerge when there is not
adequate clinical data, and the reports will have resulted from
only computational predictions.

Costs There are several concerns about the extra expenses on the
healthcare system from interpreting the data to proving the
reports and additional time for counseling.

IFs: incidental finding; SFs: secondary findings.

are treatments to lessen or avoid disease intensity.
As part of the informed consent procedure, patients
should be made aware of this capacity;

3. Pretest counseling should address the predicted re-
sults of the test, the chance and types of IFs which
could be produced, and the sorts of outcomes that
will or will not be reported. Patients should be in-
formedwhether and which sorts of IFs might be sent
back to their referring doctor by the laboratory;

4. Patients should get counseling on the advantages
and disadvantages of ES/GS, their limits, the possi-
ble impacts on relatives, and testing options;

5. ES/GS are not suggested for the age below 18, with
these exceptions: a. Phenotype-driven clinical de-
tection purposes; b. Situations where early identifi-
cation or treatments are accessible and efficient; or
c. Research that has received institutional review
board approval;

6. A clear distinction should be established between
clinical and research-based screening during the
pretest counseling;

7. Participants should be told if individual IFs may be
shared with databases and should have the option to
opt out of these disclosures;

8. Patients should be alerted of protocols governing the
re-contact of referral physicians as additional infor-
mation regarding the significance of specific find-
ings becomes available [2].

Previous findings indicated that, although subjects
respected the care taken with ES/GS consent, they felt the
procedure was lengthy and, for instance, the research re-

quired a 2–3 h consent in a tough process [6]. According
to Bergner et al., compared to the general population, peo-
ple with genetic diseases and their families are more toler-
ant of the dangers related to taking part in ES/GS research.
This tolerance seems to be correlated with the following
factors:

1. An increased likelihood of advantage for them, their
family, or the community affected by their diseases;

2. Self-assurance in their capacity to cope with IFs;
3. A reduced assessment of the individual risk of re-

search results given their current medical condition.

A consent form that considers the risks and bene-
fits of the study in the framework of earlier experiences
with genetic study and genetic disease might be benefi-
cial to families dealing with hereditary disease [7]. The
possibility of giving consent is considerably higher in di-
agnostic exome sequencing (DES) patients under the age
of 18, suggesting that the health state may be a factor af-
fecting the decision to choose for disclosure [8]. Sapp
et al., interviewed 25 parents of 13 young probands with a
range of uncommon genetic disorders in semi-structured
interviews. The parents of affected children were often
interested in learning more data about SFs related to their
child’s health-threatening reports [9].

“Dutch clinical geneticists often discuss topics such
as the nature and purpose of the examination, as well as
potential outcomes.” (including IFs and variants of un-
certain significance (VUS)), and the implications of the
findings for the patient and their relatives during informed
consent debates about GS [10]. Some practitioners use
a layered approach to obtain informed consent, concen-
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trating first on delivering vital data, then tailoring subse-
quent disclosure to the requirements of the particular pa-
tient, and verifying that vital data is presented in an ob-
vious and intelligible manner. Layering information is an
effective method since it concentrates on supplying a brief
and straightforward general description at the very begin-
ning. Additional topics can be covered as well, accord-
ing to the patient’s circumstances and informative require-
ments. Layered consent enables healthcare professionals
to deliver adequate pretest consultation and informed con-
sent protocols even in conventional environments or when
time is limited [10].

3.1.2. Controversial Reports on the
Genetic Variant

In a study conducted byMurrell et al, they analyzed 700 pe-
diatric cases at the Children’s Hospital of Philadelphia.
Among the 576 subjects (82%) who were obtained for
reporting ACMG SFs, 18 (3.1%) contained identifiable
(pathogenic or likely pathogenic) variants. In their inves-
tigation, the most prevalent SFs were for hereditary can-
cer syndromes including BRCA1, APC, BRCA2, TP53,
SDHB, and WT1 (38.9%), followed by cardiomyopathies
(16.7%), and long-QT/Brugada syndrome (16.7%) includ-
ing GLA, KCNQ1, MYL2, MYBPC3, and SCN5A. There
was a diagnostic approach in 7 of these 18 individuals
(38.9%). 28% of patients with SF also had a parent with
SF. The paternal origin of the identified variant was not
provided for 50% of the subjects with an SF [11].

3.1.3. The Penetrance of IFs/SFs Variants

In the first issue, the ACMG guidelines defined that vari-
ants with higher penetrance must be reported, however,
the definition of “higher” were left to the clinical labora-
tories. Lawrence et al discovered a TP53 variant with up
to about 10% penetrance for pediatric adrenocortical car-
cinoma and programmed for newborn screenings in Brazil
which demonstrated the beneficial effects onmortality and
morbidity in the carriers of this mutation [12,13]. The as-
sociation of TP53 with Li-Fraumeni syndrome could not
answer this reporting issue since this variation has not
been correlated with Li-Fraumeni syndrome [14]. Vari-
ants with greater medical penetrance have to be taken into
account and must be reported. However, reporting can be
challenging to code bioinformatically, requiring human
interpretation and probably medical consultations.

3.1.4. Lack of Functional Studies

Numerous case reports are published rapidly, often without
conducting the functional evaluations necessary to support
and elevate novel secondary findings (SFs) to clinically ac-

tionable levels. These reports need multiple records from
all over the world with precise descriptions of the manifesta-
tions resulting from the mutation to be considered in the SF
panel. Noteworthy, the new mutations which indicate new
genes not included in the ACMG SF or other well-known
guidelines lists, need deeper investigations both clinically
and molecularly. To get through access to these novel SF
variants, both the working groups and laboratories can fol-
low the updates of well-known databases such as ClinVar
(https://www.ncbi.nlm.nih.gov/clinvar/), VarSome (https:
//varsome.com/), andFranklin (https://franklin.genoox.com/
clinical-db/home).

3.1.5. True Positive versus False Positive IFs/SFs

In all scenarios, SFs should be developed according to
confidence degree considering their deleteriousness, by a
conservative method indicating a minimum of evidence-
supporting pathogenicity of the variants. The extent to
which a disease and gene have been examined is another
consideration in calculating the rate of reportable SFs.
More specifically, the more people who have been di-
agnosed with a medical condition and examined for gene
mutations, the more disease-causing variants will proba-
bly be detected [14], filling the gaps occurring between
computational predictions and functional studies.

3.1.6. Costs

IFs/SFs can impose extra burdens in different dimensions.
The impact of the added financial issues for implementing
searching for IFs/SFs in healthcare settings should not be
ignored. The findings indicated that extra expenses, such
as the length of time required for pre-test data, post-test
data, specialized medical appointments, and genetic coun-
seling for at-risk families, would be required in individu-
als with positive findings [15].

4. Solutions

Considering the reviewed publications with various stand-
points and problem-solving suggestions, the fundamen-
tal and critical items are listed and summarized below.
These suggested solutions include: Laboratories, physi-
cians, and genetic counselor decisions; Collaborations
between professionals; Somatic or germline reports; Can-
cer versus non-cancer statuses; Pharmacogenomics ap-
proaches; Actionable SFs; updates of the guidelines; Func-
tion of the variant (nonsynonymous/frameshift/splicing/
stop-gain/stop-loss, etc.); Bioinformatics and datasets;
Clinical characteristics of patients including age, gender,
having disease-phenotypes or without identifiable mani-
festations (healthy); Patient education and personalized
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opt-in decisions; Population ethnicities and backgrounds
(population stratifications); and finally, Cost-effective and
financial issues (Figure 1).

Figure 1: PRISMA diagram of the whole process of including and
excluding the studies focusing on the Incidental findings (lF’s) or
Secondary findings (SFs) of genome or exome sequencing results.
The reason l refers to the studies which reported only the lF’s
or SF’s as their additional reports and not main concentrations.
Reason 2 reflects the studies which mentioned lF’s or SF’s after
Pathogenic, likely pathogenic, and Variant of Uncertain Signifi-
cance (VUS) variants as their analysis strategies. Reason 3 ex-
cluded the studies which had the secondary but not related to the
findings (secondary findings).

4.1. Laboratories, Physicians, and
Genetic Counselors’ Decisions

The term IFs has been explicitly substituted with SFs, re-
flecting a desire for labs to diligently search for such kinds
of variants throughout the process of clinical examina-
tion (as opposed to accidentally discarding these variants
during reviewing the sequencing data). Yet, well-known
guidelines such as ACMG have been updated allowing pa-
tients to opt out of obtaining these kinds of outcomes [16].

While some laboratories have decided to closely fol-
low the recommendations, other clinical laboratories have
made their decision to include additional genes, beyond
those suggested in the recommendations, in their SF anal-
yses. However, other laboratories have even made the
decision not to continue searching for these variants and
instead decided to keep the true IFs. As a result, physi-
cians who desire to request ES/GS should be informed

that IFs/SFs can be seen on the report if a patient opts to
receive them, and they should carefully review the con-
sent form of the offering laboratory to learn their particu-
lar method for SF reports. The majority of the suggested
genes involve autosomal dominant cancer predisposition
syndromes (such as the BRCA1 and BRCA2 genes; for in-
stance, a patient carrying a pathogenic SF variant reported
in the BRCA1 gene might require a referral to an oncolo-
gist [17].

Laboratories suggest a diversity of other SF panels
containing carrier conditions for autosomal recessive sta-
tuses and pharmacogenetic variants. Most laboratories re-
port findings to patients without any age limitations. This
is usually in contrast with laboratory guidelines governing
Huntington disease prediction testing of children. Some
laboratories do not clarify what, if any, secondary findings
(SFs) can be shared with other relatives who have been
tested. Laboratories may intend to follow the recommen-
dations but have yet to determine the cost of this updated
test or finalize the revision and approval of the informed
consent documentation. Patients and their healthcare pro-
fessionals may be affected by differences in laboratory
standards. It allows individuals to opt for a laboratory de-
pending on their preferences for the return of IFs, subject
to limitations like insurance coverage. As a result, labo-
ratory employment might indicate consumer preferences
within policies. The marketplace might play a role in the
formulation of policy in this field as well [18]. Even if
one agrees that labs should proactively investigate for par-
ticular genetic variants and supply the clinician with the
findings, it does not seem evident that a clinician should
be unable to act as a gatekeeper for the data that the pa-
tient is permitted to receive, so long as the patient is clear
in his/her rejection of additional data during the compli-
cated procedure of determining the significance of this ge-
netic details.

It almost seems enforced to state that “patients have
the choice to refuse clinical sequencing if they consider
the risks of potential IF identification exceeds the advan-
tages of screening.” [4]. It contends that patients should
be supplied life-saving sequencing for a condition they al-
ready possess only if they are prepared to embrace addi-
tional, possibly life-threatening genetic testing data for a
condition they may develop in the future, irrespective of
whether they consider the extra data desirable [19]. The
issue of patients rejecting all IFs is not addressed either,
avoiding the lab the cost of pursuing them and any chal-
lenges in deciding which findings to report. This ’one size
fits all’ strategy to consent also ignores noticed gaps in the
demand for genetic details among social and ethnic back-
grounds [20,21].
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Most physicians would likely agree that the diseases
listed in the guidelines are significant and, to varying de-
grees, actionable. Early warning of these potential con-
ditions can provide crucial guidance for future manage-
ment. The majority of patients or parents prefer that their
physician inform them of vital, perhaps fatal diseases for
which they might be at risk. Yet, the recommendations
seem to imply that everyone undergoing ES/GS should be
routinely checked for a growing number of genetic disor-
ders, even beyond focused testing or true IFs. Since there
is no indication that people who perform ES/GS are at a
higher risk of the listed disorders than the general pop-
ulation, the inference may be that we should undertake
population-based tests for significant clinical conditions.

Meanwhile, the Working Group argues that, while
the expense of further testing, lab time, interpretation, and
reporting will be feasible, it will be too challenging to re-
spect patient requests for more investigation while obtain-
ing findings. This appears to be both doubtful and trou-
blesome. According to reports, a wider social and pro-
fessional discussion is needed to determine if we - as test
providers, physicians, and patients - are truly prepared for
mandated genetic screenings [3]. It should be emphasized
that, when trying to get informed consent, consultations
for informing patients about the consequences of SFs/IFs
should be separate frommedical advice and supervised by
a genetic counselor. Guidelines that will direct the incor-
poration of genomics into the clinical setting have been
considered, and they take into consideration the fact that
expanding exome analyses will lead to IFs/SFs which will
modify medical geneticists’ option of practice [22].

According to Amendola’s study, the first biologist
may have spent up to 37 minutes reviewing the litera-
ture and categorizing every variant resulting in HGMD
disease. For double-reviewed variants, 53% of classifica-
tions were incorrect, highlighting the need for a properly
monitored variant interpreting database [23]. Thauvin-
Robinet et al.’s team spent 6.3 minutes per patient on
genes indicating a predisposition to a condition in child-
hood or adulthood and are amenable to prevention or treat-
ments, and 1.3 minutes per patient on genes during genetic
counseling. Nevertheless, a mean of 37 extra minutes per
variant was necessary for the few variants which need to
be reinterpreted. This finding should be interpreted with
caution while the time spent might be influenced by the
biologist’s degree of knowledge and interest [15].

4.2. Collaborations between
Professionals

A strong collaboration between the medical molecular ge-
neticist and the clinical geneticist appears to be required

to specify the analytical strategy to which a patient has
consented. Additionally, additional experimental (follow-
up) research on the utilization of ES in testing, as well as
patients’ awareness and decision-making, are required to
provide clear criteria for the informed consent processes.
More ES experience may educate us regarding the fre-
quency of SFs, which is vital data for patients in the stages
of making decisions [24]. However, in the era of patient-
centered medicine, a shared decision-making model has
emerged, advocating that patients and medical profession-
als exchange information and perspectives before arriving
at a decision. [25,26].

4.3. Somatic or Germ-Line Reports

Gray et al investigated the use of matched somatic and
germline WES in a comprehensive cancer center. They
discovered that while most oncologists have extensive
experience regarding the use and interpretation of so-
matic genomic tests, they have minimal familiarity with
germline tests. However, the respondents decided to dis-
close most WES findings from both somatic and germline
testing rather than the patients. Oncologists were also con-
cerned about interpreting data, sharing non-cancer find-
ings, and trying to determine the “actionability” of vari-
ants. It has also been discovered that individuals suffering
from advanced lung and colorectal cancers have positive
views toward getting a genetic test but have somewhat
low levels of genetic information and that many of them
desire to learn all WES outcomes. Gray et al.’s findings
improved the area by indicating that, while physicians an-
ticipate numerous challenges in providing care including
large-scale sequencing, patients with incurable cancers
declare an overwhelming need to learn about genomic
results, regardless of whether they are relevant to their
immediate medical treatment [27].

When asked about the somatic genomic examina-
tion, the majority of oncologists expressed moderate to
high confidence in their skill to understand somatic find-
ings in their disease field, clarify somatic genomic prin-
ciples to patients, make suggestions for therapy using
somatic genomic data, and pinpoint proper consultants.
The elevated level of confidence could be attributed to
the truth that the oncologists in Benson et al’s and the
National Comprehensive Cancer Network (NCCN) stud-
ies ordered and interpreted numerous somatic tests, as
well as the truth that lung and colorectal adenocarcinoma
are malignancies for which genomic analysis is part of
guideline-based cancer treatment [28,29]. Nonetheless,
oncologists predicted several difficulties in providing so-
matic WES treatment, such as coping with and analyzing
huge amounts of data and establishing the actionability of
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somatic results [30]. Several oncologists stated concerns
about determining how much somatic data to communi-
cate with patients and managing patients’ expectations.
Furthermore, oncologists raised worries about their capac-
ity to stay current with the literature in this fast-changing
profession [27]. If there was an authorized targeted treat-
ment for another cancer kind or a clinical trial was acces-
sible, all respondents intended to share somatic results.

Oncologists’ eagerness to investigate new treatment
options and encourage registration in clinical trials was
linked to liberal attitudes about somatic disclosure. Abun-
dant physicians have also suggested that patients have a
“right to be informed” about their somatic data [31,32].
Many oncologists stated that they would be less ready to
reveal data if it did not have an impact on cancer care or
prevention and that the “actionability” of the results would
be a key consideration of disclosure. Some oncologists
stated that they might not reveal the patient’s germline
data if they did not already have children or intended to
have children in the future. An individual might speculate
that in cases of advanced cancer, when the therapeutic util-
ity of germline information for patients may be more ob-
vious, physicians’ and patients’ risk-benefit calculations
as they balance the importance of germline data and dis-
closure may differ significantly from those in other con-
texts. Several oncologists also mentioned a wish to share
germline datawith a genetic counselor or another clinician.
Organizations that offer WES or WGS might require to
make pertinent clinical and counseling skills accessible to
oncologists, patients, and relatives of patients due to the
intricacy of the information and the familial implications
of germline findings [27].

4.4. Cancer versus Non-Cancer
Individuals

Since cancer is frequently driven by genetic alterations,
oncology is an excellent context to investigate clinical
sequencing. Targeted germline (typical tissue) and so-
matic (tumor) DNA sequencing have drastically devel-
oped results in selecting high-risk and cancer-affected sub-
populations, and larger gene panels are being employed in
practice [33–42]. Whenever somatic and germline DNA
are analyzed simultaneously, the power of sequencing
rises because paired sequencing differentiates between
somatic and germline changes and can reveal previously
unknown hereditary cancer risks [43–45].

Oncologists have some knowledge of ordering and
interpreting germline genomic testing linked to cancer,
but they have little experience requesting and interpreting
tests irrelevant to cancer [46]. One of the most impor-
tant oncology concerns is how to effectively help cancer

clinicians as they merge enormous amounts of genetic in-
formation into daily cancer care. Supporting providers
must begin with attempts to increase the accuracy of data
in referenced genomic databases, and attempts to optimize
bioinformatics methods and assets for variant calling and
interpretation. Advanced methods of medical education
and decision support will also be required in such case.
Given the quick change in genetic variant data, dynamic
genomic analyses and point-of-care medical assistance
can help healthcare providers in understanding the possi-
ble consequences of somatic and germline variations and
better personalizing recommendations. Physicians may
receive support via programs created by their regional in-
stitutions in addition to institutional interventions. For
instance, several organizations, such as the Dana-Farber
Cancer Institute (DFCI), have created multidisciplinary
“Genomic Tumor Boards” where healthcare professionals
can talk about patients in a case-based form, emphasizing
their genomic or proteomic information to receive feed-
back or input from peers with knowledge in molecular
biology, clinical oncology, pathology, clinical trials, and
clinical ethics [44,47].

Most patients’ overwhelming desire for the return of
both types of somatic and germline genomic data, along
with their generally minimal understanding of genetic
knowledge, implies that patients will also require aid
in comprehending and making well-informed choices re-
garding genomic testing. At the time of initial consent and
sample collection, educational tools and decision support
will be essential to ensure that patients can make informed
choices about the types of findings they wish to receive.
Patients who performed cancer-related ES/GS will need
to know some basic genetic principles such as the dis-
tinction between somatic and germline examination, the
fact that males can transmit germline mutations onto their
offspring, and the fact that not all germline mutation car-
riers are susceptible to disease. Computer-based learning
treatments have been proven to increase awareness in the
context of germline cancer genetic counseling and might
be useful in this type of setting [48].

Furthermore, as physicians do not frequently ask
about patients’ choices for the return of particular out-
comes while ordering laboratory testing, further research
is needed to establish how to better detect and respect pa-
tients’ sequencing requests. Another possible option is to
include patients’ sequencing choices on the test request,
permitting the laboratory to personalize result reporting.
Lastly, resources will be required when the findings are
returned to avoid misunderstanding and guarantee the ac-
tions taken by patients and relatives are evidence-based
and compatible with their opinions. Given the rapid adop-
tion of genomic testing in oncology, the creation of these
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resources for patients and families is of the utmost im-
portance [49,50]. Conclusively, patients with significant
solid tumors indicate a significant desire for receiving ge-
netic data, particularly IFs. However, these choices may
not be founded on a thorough understanding of genetics
or the consequences of results for the health and medi-
cal care of patients or relatives. Additionally, oncologists
who deal with these patients are concerned about their ca-
pacity to evaluate, communicate, and make choices about
the wide range of somatic results produced by WES, as
well as their capability to manage the germline results that
may deduce from parallel sequencing. Resources to help
patients and healthcare professionals address these issues
are a top focus for the cancer community [27].

4.5. Pharmacogenomics Approaches

Secondary findings obtained from pharmacogenomics
testing are in the category of IFs. WES data may quickly
determine genes that are easily examined by next-generation
sequencing (NGS) technology (such as CYP2C9) with a
large number of significant variations in the coding region.
Conventional WES, on the other hand, does not perform
well for genes including CYP2D6, making it difficult to
obtain highly reliable and relevant information [51,52].
Due to technological complications, pharmacogenomics
testing may be restricted, which might result in an incom-
plete profile and reduce the therapeutic value of detailed
testing. This is especially imperative for drugs that are
processed by many pharmacogenetic enzymes [53]. It
is challenging that the background of Pharmacogenomics
findings provided during clinicalWES testing differs from
that of solely Pharmacogenomics testing. The Pharma-
cogenomics results in a WES test are secondary to the
variations found in disease-causing genes, which may be
responsible for the patient’s symptoms and may go unde-
tected. It is already challenging to explain the variants
associated with the initial genetic problem to patients,
making it even more difficult to appropriately emphasize
secondary findings (SFs).

Additionally, the physician ordering the WES test
might not be the one who prescribed the patient’s drugs,
which adds another level of complication to the treat-
ment and efficient utilization of the Pharmacogenomics
findings. WES test findings are frequently obtained as
static, scanned files, consequently, there is a critical need
for integrating this information into an electronic system
that can notify prescription to medical professionals of
important Pharmacogenomics findings. Therefore, Phar-
macogenomics findings for diagnosing Odyssey patients
might not be considered in their present or future med-
ications prescription [53]. The effective utilization and

accessibility of Pharmacogenomics findings are delayed
by clinical and technological issues.

Clinical decision support (CDS) systems, which in-
clude automatic alerts to notify prescribing doctors of rel-
evant gene-drug interactions detected for a patient, have
been implemented with educational components to help
clinicians understand these notifications. [54–59]. How-
ever, there are still challenges in the way of a success-
ful and effective combination of Pharmacogenomics data
even with these technologies. The clinical findings for the
patients are commonly pdf files created by a third-party
company and scanned into the patient’s electronic medical
records (EMR), which prevents the Pharmacogenomics
CDS system at the institution from issuing alerts based on
the results. For each patient having Pharmacogenomics
results, a pharmaceutical consultation needs to be carried
out to make sure the prescribing doctors have access to the
information. Institutions may be significantly exposed to
risk and responsibility for patient neglect if they will not
take additional measures to emphasize these SFs in the
medical record [53].

ES results may be used to generate decision sup-
port warnings using Pharmacogenomics IFs, which offers
promising possibilities for the development of proactive
Pharmacogenomics management in the future. The sug-
gestions offered by Nishimura et al. to those creating
decision supports for ES are as follows: understanding
the limitations of the institution lab results of electronic
health record (EHR) systems in managing genomic infor-
mation; budgeting for the time necessary to personalize
variant-drug risks to the clinical setting in which they are
expected to happen; and, ultimately, allocating enough
resources to continuously gather, synthesize, and apply
Pharmacogenomics evidence.

The integration of the Pharmacogenomics IFs from
ES into current clinical processes may be greatly enhanced
by the use of EHRs and the decision assistance resources
that go along with it. Nishimura et al developed a demon-
stration of the concept for IF-based warnings and investi-
gated technological difficulties, problems integrating work-
flows, and difficulties with content creation. ES decision
support systems may currently be delayed by technical and
physical issues at many institutions, but it is predicted that
as EHR systems advance and are centralized, Pharmacoge-
nomics databases expand, and this technology will soon
become a promising one [60]. The economic effects of re-
turning ACMG-recommended IFs/SFs to patients getting
GS were assessed in intriguing research using a quantita-
tive methodology [61]. The authors found that returning
IFs/SFs is economical for some patient populations but not
for overall healthy people unless NGS costs lower than
$500. In this series, the evaluation of pharmacogenetic
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variants or combinations of variants proved the limit of ES
for reliable pharmacogenetic counseling.

As it is discovered that only 61% of the high-priority
Variants (Pharm GKB 1A/1B categories) and multi-allelic
combinations are common, interpreting the risk while pre-
scribing medicine was occasionally problematic. To ad-
dress this issue, the National Institutes of Health (NIH)
Undiagnosed Diseases Program (UDP) evaluated the fre-
quency and therapeutic accuracy of pharmacogenetic IFs/SFs
annotated in the PharmacogenomicsKnowledgebase (Phar-
mGKB) sequence variations or combinations of variants
in a cohort of 1101 persons using SNP chip analysis in
addition to ES. Surprisingly, individuals’ prescription
data were utilized to identify individuals who received
prescription drugs despite having a genetic mutation that
might affect effectiveness. Nineteen PharmGKB 1A/1B
variants or variant combinations were detected in SNP
chip sequence data, and 21 PharmGKB 1A/1B variants
or variant combinations were detected in ES data utiliz-
ing the TruSeq kit (Illumina). Only 9 subjects exhibited
pharmacogenetic IFs/SFs connected with decreased drug
effectiveness, showing that some pharmacogenetic IFs
may be beneficial for directing treatment and should be
reported [62]. However, another research of 159 Mayo
Clinic doctors found that half of them were worried about
including pharmacogenomics data in primary care. It
emphasized the need of raising healthcare practitioners’
knowledge of such advancements [59]. The prevalence
of the pharmGKB pharmacogenetic alleles discovered in
this work were not surprising, as Parsons et al. discovered
a median of a single pharmGKB SNP per CES, albeit with
a substantially reduced list of SNPs [63]. The question of
prospectively interrogating pharmacogenetic variations
associated with a particular drug rather than providing
a list of pharmacogenetic variants or the combination of
variants in the ES/GS report stays unresolved, particularly
given that the physicians must learn how to handle phar-
macogenetic findings [62]. The implementation of GS in
the future should solve this problem given the limitations
of pharmacogenomics expectations from ES. The signifi-
cant majority of these variants also have dose-dependent
recommendations that are now reserved for adults, which
might restrict their usefulness in children with neurode-
velopmental problems [15].

4.6. Actionable SFs

Nuclear DNA genes approved by the ACMG and other ge-
nomic contents (such as mitochondrial DNA), as recently
disclosed, were among the IFs that were identified as be-
ing medically actionable [4,64]. Adults are considered to
have “actionable” genes if they have deleteriousmutations

that would lead to specific, well-defined medical recom-
mendations, reducing mortality or significantly reducing
morbidity. Any concerns prompted by an unanticipated
propensity to disease have to be outweighed by the inter-
vention’s benefits. A list of “bin 1” genes, existing clinical
testing for genetic abnormalities, and genes suggested by
group members based on their clinical competence will
be all taken into account when actionable genes are deter-
mined to be placed on the IF gene list [65]. The working
group identified genes that were unanimously agreed upon
as justifying reporting when a known harmful mutation
is detected. According to their areas of interest or exper-
tise, group members were listed genes that had ambiguous
disease associations, for which related disease screening
and/or therapy had questionable benefits, or for which ad-
ditional information was needed to make a decision. The
committee continually expands and updates this list as
new information about the relationship between genes and
diseases, or their actionability, becomes available. Partic-
ularly, a database of actionable variants for adults is cre-
ated, therefore diseases that might go untreated in adults
are only included. The effect on reproductive decision-
making (such as reporting carrier status) is excluded [66].
Actionability is defined differently by different groups,
but it often involves the availability of treatment and pre-
vention. Others have approved or brought up problems
like the capacity to plan or modify lifestyle choices or
affect reproductive decisions [67–69]. Some of the pa-
tients in Parsons et al’s study was diagnosed incidentally
with the MELAS mitochondrial disorder (mitochondrial
encephalomyopathy, stroke-like episodes lactic, and aci-
dosis) [63].

4.7. Latest Update of the Guidelines

The recommendations from the ACMG for disclosing IFs
in CES and genome sequencing were published in March
2013. These recommendations state that all testing labora-
tories, regardless of patient preference or age, should no-
tify the ordering clinician of any pathogenic mutations dis-
covered in any of the 56 specified genes related to 24 dis-
eases [4]. The clinician should “contextualize these find-
ings to the clinical circumstances (e.g., ...…patient prefer-
ences, etc.) and the provider and patient will participate
in a shared decision-making process regarding the return
of results” [70]. The ACMG targeted these circumstances
due to their actionability; the morbidity and/or mortality
of the related disease might be lessened via primary test-
ing and treatment [4].

The ACMG updated its recommendations, which in-
dicate that when patients underwent ES/GS, they “should
have the choice to opt out of the analysis of medically ac-
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tionable genes.” The continuing debate over IFs in WES
and a survey of ACMGmembers, according to reports, led
to the ACMG’s conclusion to update these recommenda-
tions [71]. In the 2014 version, SFs would be notified only
if patients completed an informed consent document. The
2017 version, on the other hand, contains a choice to opt
out of getting SFs. The European Society of Human Ge-
netics (ESHG) made particular suggestions according to
factors including the risk-benefit balancing, testing costs,
the accessibility of preventive and therapeutic measures,
patient autonomy, the psychological and clinical impact,
and inequalities in acquiring health services [72]. As di-
agnostic laboratories are not required to follow these stan-
dards, the detection of such SFs may differ per popula-
tion. SFs are only documented in genes related to process-
able diseases, including cystic fibrosis, or in allele carri-
ers in autosomal recessive conditions with a frequency of
more than 1/125 in Alvarez-Mora et al.,’s study [73]. The
ACMG recommendations were revised between 2016 and
2021, with the most recent revision from 2022 (v.3.0) list-
ing 78 genes and adding 5 new genes in comparison with
2021 [74,75]. The working group has recently declared
that they will update the list every year [75].

Based on factors including the risk-benefit ratio,
screening expenses, the accessibility of therapeutic and
preventive measures, adherence to the concept of patient
autonomy, the psychological and physiological effects,
and disparities affecting the availability of healthcare fa-
cilities, the European Society of Human Genetics (ESHG)
made some specific suggestions [72]. Along with ACMG
and ESHG, some other professional genetics communities
and networks, including the eMERGE Network and the
French Society of Predictive and Personalized Medicine,
have declared that “actionable” secondary genetic find-
ings should or could be disclosed (French Agency of
Biomedicine, n.d.) [76]. The ACMG project also sparked
an in-depth debate that concentrated beyond detecting
testing and SFs to return, in addition to the ACMG list,
other potentially “actionable” genetic information from
biobank donors and study participants. This discussion
also included the financial benefits of disclosing such vari-
ants [77–79].

4.8. The Function of the Variant
(nonsynonymous/frameshift/splicing/stop-
gain/stop-loss, etc.)

In a pediatric-basedWES test investigation, Headrick et al
discovered that accidentally identified VUSs in genes cor-
related with arrhythmogenic right ventricular cardiomy-
opathy (ARVC) showed striking parallels with background
genetic variation in healthy individuals. IFs in children

lacking clinical signs of cardiomyopathy or ARVC are not
expected to be indicators of a monogenic disorder. The
regions of common pathogenic relevance for altered pro-
teins can be refined by further investigation of genetics
Amino acid-level signal-to-noise analysis in large-scale
population studies, which also enables the analysis of
ultra-rare variants. One approach for differently weighing
the diagnostic importance of an accidental variant is gene
and amino acid level investigation of the variant in issue,
normalized versus uncommon genetic variant frequency
at the loci of interest [80].

Due to incomplete data in some populations and the
diversity of interpretation techniques, calculations of the
global frequency of IFs should be used with care. The
calculation of the frequency of IFs in all evaluated publi-
cations was according to the frequency of pathogenic and
likely pathogenic variations in the analyzed cohort, but
the proportion of patients who carried the related diseases
who carried the variant The frequency of the pathogenic
and potentially pathogenic variations in the analyzed co-
hort was used in all evaluated publications to estimate
the frequency of IFs, but the proportion of patients with
the linked illness carrying the variant was not disclosed.
In addition, 90% of the publications that were analyzed
indicated IF rates in their investigated cohorts between
0.5% and 6.5%, while two studies indicated a frequency
of IFs over 12% [81,82]. The greater frequency may
be addressed partially via the application of alternative
gene lists to return the IFs; for example, some research de-
cided to incorporate a better comprehensive list of genes
containing actionable variants [23,66,81,83–85]. From
September 2020 to November 2021, Zhu et al. conducted
a prospective analysis of 90 continuing pregnancies with
ultrasonography abnormalities that underwent trio-based
pES after obtaining normal CNV-seq data in a single lo-
cation in China. The underlying genetic causes of anoma-
lies in fetal development, unsolicited fetal findings, and
parental carrier statuses were identified using panel-based
exome sequencing (pES), which includes exome coding
and splicing regions as well as the mitochondrial genome,
for both fetuses and parents. At last, they suggested that
trio-based pES could provide extra genetic details for preg-
nancies having fetal ultrasonography defects but no CNV-
seq detection. The IFs and parental carrier status revealed
using trio-based pES combining splice-site and mitochon-
drial genome sequencing broadens its medicinal applica-
tions, although careful genetic counseling is required [86].

4.9. Bioinformatics and Datasets

Bioinformatics users now have a much easier time inter-
preting WES variations due to advances in software tools
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and database references. Contrarily, the release of guide-
lines and standards in the USA, Canada, and Europe has
split the conversation around the difficulty of identifying,
categorizing, and disclosing IF [87,88]. Additionally, the
application of anonymous data by the study, which sug-
gests that patients were not informed of the findings, may
have obliged the researchers to underestimate the signifi-
cance of consulting a referent lab for accurate interpreta-
tion. It is debatable whether or not to use the ClinVar cate-
gorization of a variation as a first filter and to review vari-
ants with different interpretations. The worldwide com-
munity is making a lot of effort to evaluate the medically
relevant variations in variant categorization, which should
enhance this method going forward and the treatment of
individuals with or at risk for genetic diseases [89–91].

4.10. Clinical Characteristics of Patients

Patients’ characteristics including age, gender, having dis-
ease phenotypes, or being healthy without identifiable
manifestations should be considered as well. In their sys-
tematic review of Frequency and management of medi-
cally actionable incidental findings from genome and ES
data, Elfatih et al pointed to the important issues mandat-
ing consideration. They included 20 articles with over 75
thousand subjects evaluating IFs in cohorts on healthy in-
dividuals (n = 5), on both healthy and disease (n = 5), and
disease (n = 10) from different ancestries mostly from Eu-
ropean, African American, and Asian descent and two in
the Arabic people. The frequency of IFs was between 0.9-
12.64% in different reports based on the frequency of the
pathogenic and likely pathogenic variants [92]. All but
one [93] were adults. Since many of the practical diseases
associated with the genes listed in the ACMG guidelines
manifest in adulthood, it is likely that adults—who are
often referred for exome sequencing (ES) family testing
(trio)—would prefer to receive secondary findings (SFs)
for themselves rather than for their children. This was
found in some but not all nations, and the variations were
often minimal [94].

The technique of providing SFs has a significant im-
pact on individual health but a negligible impact on popu-
lation health since only a very small portion of the popula-
tion gets referred forWES. However, there is increased in-
terest in disseminating genetic findings to significant por-
tions of the general population as part of biobank investi-
gations and in establishing strategies for doing so [5,95].
Most European Biobanks declare that based on their na-
tional law, they are permitted to contact the study group
to advise about findings concerning their healthcare con-
dition [96]. Of the 115 trios analyzed by Talati, about
36% were obtained from trio-ES, and 31% of the results

might help define the fetal phenotype. They revealed that
women obtaining trio-ES results had higher anxiety, indi-
cating the possible desire for additional assistance or coun-
seling to influence present and future reproductive deci-
sions [97]. While the debate over the advantages and dis-
advantages of such testing continues, very little evidence
is available regarding patients’ perspectives on SFs, partic-
ularly those that may lead to differing perspectives, such
as the patient’s age, gender, or geographic origin. A few
research, fortunately, focused on participant concerns; for
example, Rini et al. analyzed participants’ sociodemo-
graphic details [98].

4.11. Educating and Informing the
Patients and Personalized opt-in
Decisions

Many adolescents and their parents in theWarner-Lin et al.
research anticipated informing about their risk for preva-
lent conditions such as cancer, Alzheimer’s disease, and
diabetes, ignoring the fact that informed consent meetings
emphasized the low probability that WES would detect a
clinically actionable SF. Adolescents particularly talked
about being ready for disclosure sessions, asking how they
could respond and what they can do to lessen the onset or
severity [99]. A mistake in a center’s policies may be that
it prioritizes (the transferring of) data beyond psychologi-
cal characteristics and aspects of family structures and the
procedure for counseling [100]. The transfer of genetic
information must consider the private principles and re-
quirements of each individual engaged. Respect for the
child’s future autonomy is recognized as a primary rea-
son in healthcare provider guidelines and ethical literature
concerning the disclosure of IFs in pediatric WES [101].
Counseling ought to include a personalized explication of
what has to be stated, including when, to whom, why, and
how. Prior reports highlighted the importance of the ethi-
cal question about whether or not and how the issue of the
child’s future autonomy must be taken meticulously in ge-
netic counseling (should counselors deal with the subject
during counseling?) and clinical center disclosure guide-
lines (should all IFs be informed to parents?) [102].

Rini et al. performed a study in which 335 adults
with suspected genetic problems who had diagnostic ex-
ome sequencing (DES) were randomly assigned to get
both diagnostic findings only (DF; n = 171) and diagnos-
tic findings in addition to education for extra genomic
results and the option to ask for them (DF+EAF; n = 164).
Examinations were conducted after enrollment (Time 1),
after the receipt of diagnostic data, and—for DF+EAF—
the education under examination (Time 2), and 3 and 6
months later (Times 3, 4). Their results demonstrated
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that offering education about and an opportunity to learn
about more findings that have weak medical actionability
has few advantages and no negative effects [103]. Ac-
cording to Gereis et al.’s study, most of the parents stated
having previous experiences with genetic tests and expe-
rienced some type of genetic counseling. The awareness
of parents differed throughout the topics studied. Parents
displayed a grasp of the different possible direct clinical
advantages to their children performing ES/GS, as well
as other genetic testing. The authors revealed that parents
had a different awareness of the nature of prospective SFs,
as well as problems with information security, confiden-
tiality, and the use of sequencing findings independent
of their child’s medical care. Further, consultations with
genetic counselors boosted comprehension significantly.
Their findings suggest that ES/GS can be difficult for fam-
ilies to grasp, emphasizing the significance of training
healthcare providers to investigate parents’ comprehen-
sion of ES/GS and the consequences of testing on their
children [104].

O’Daniel et al. released a survey of genomic se-
quencing testing interpretation and reporting methods in
21 United States laboratories in 2017. They claimed that
all of the laboratories assessed provided SF reporting by
the ACMG standards. They stated that only 4 of the 21
clinical labs in their sample needed SF opt-in, indicating
intentional patient preference [5].

4.12. Population Ethnicities and
Backgrounds (Population Stratifications)

There were differences in opt-in decisions to get SF find-
ings across patients/families from various nations. As a re-
sult, 90% of patients and relatives in Romania picked the
option of knowing their SFs, whilst those in Luxembourg
did not. A possible reason for Romanian patients’ over-
whelming enthusiasm for receiving SFs reports might be
the insurance coverage of the test. This may have resulted
in a social prejudice not found in other European nations.
In Finland, the experience in some University Hospital
laboratories differed greatly from the findings on Finnish
patients/families referred to BpG: about 80%–90% of pa-
tients referred to ES at some Finnish University Hospitals
consent to receive SFs (Anttonen A-K, personal commu-
nication) [94].

The findings of Hitch et al. highlighted the rele-
vance of researching various populations when consider-
ing the medical application of WES to properly and com-
passionately convey the potential consequences of this
novel method and return outcomes [105]. It would be vi-
tal to disclose the IFs even to heterozygous people for AR
disorders in groups that are defined by a high proportion

of consanguineous marriages, such as the Arabic commu-
nity, to detect relatives at risk [106–108].

4.13. Cost-Effectiveness and Financial
Issues

Gallego et al in their study found that about 50% of publi-
cationsmentioned the cost ofWES and test coverage [109].
It includes a variety of sub-challenges throughout the
WES data generating, processing, and interpretation ap-
proach. Several researchers from 2014 to 2015 believed
that WES remains too expensive to be applied as a stan-
dard of treatment in various conditions such as acute
myeloid leukemia, epilepsy, sudden unexplained death,
axonopathies, and cardiac arrhythmia [110–114]. How-
ever sequencing prices have decreased dramatically in
recent years, it is noteworthy that even in 2014, some
experts believed that sequencing is excessively costly it-
self [115–118]. Other reasons given by the authors for
the increased price of these tests are the expense of in-
formation storage, and necessary Sanger confirmation
of WES findings [119,120]. Another factor is data in-
terpretation when compared to more focused sequenc-
ing [119,121,122]. Beckmann et al. concentrated on the
potential use of WES in newborn screening and conduct
a more detailed cost analysis that directed them to the
opinion that from a financial standpoint, generalization of
this method with present practices would require an enor-
mous effort that is likely to jeopardize the social health-
care schedules. These important economic, social, and
human costs are associated with the longer time profes-
sionals need for explaining and informing patients and
families about WES findings [123,124].

Only when Whole Exome Sequencing (WES) is
fully integrated as a standard treatment for certain diseases
within the medical system will it be feasible to implement
it widely in clinical practice. This requires a thorough eco-
nomic assessment of potential funding sources and reim-
bursement schemes for this type of investigation. Numer-
ous publications from the USA, UK, and Germany that
were published after 2014 claimed that economic assess-
ment and cost calculation studies must still be carried out
to properly prove the relative cost-effectiveness of WES
in comparison to other methodologies [125–131]. The
requirement for insurance companies to cover these tests
was cited as one of the major barriers to the wider clinical
use of WES, particularly in the United States [131–135].

Demonstrating the clinical efficacy and cost-
effectiveness of these tests is essential. Additionally, in-
surance providers and the public health system must de-
velop the administrative infrastructure needed to fund
these tests, including the creation of new billing codes [132,
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136,137]. The reduction in time to identification and the
price of other tests demonstrates the cost-effectiveness of
WES tests, and in some circumstances, WES might be
recommended as first-line testing [138]. The Working
Group’s subsequent claim that following patient wishes
would be unwieldy is unconvincing, especially in light of
the higher expenses associated with giving IFs. The pro-
posals create a false dichotomy between genetic libertar-
ians, who support for complete return of all genetic data,
and genetic empiricists, who argue against releasing IFs
since their relevance is unknown. This conflict ignores the
significant work carried out in the center ground of layered
consent and patient-centered return of findings [139–141].

5. Discussion

The present review comprehensively investigated the pub-
lications which focused first on the SFs in the clinical con-
text and secondly, on the ethical approach resulting from
the process of finding this information to report them to
the patients. However, there have been some standards in
the SFs recommendations such as updating ACMG ver-
sions, but there are multiple evidences representing that
there is an increasing tendency of professionals to report
and patients to receive them. This review categorized the
advantages and disadvantages into two major categories
and some sub-categorizations. Concerns and solutions
as the main areas of focus were discussed via these sub-
groups; for concerns: modernizing the opt-in informed
consents, controversial reports, lacking functional evalu-
ations of novel variant reporting, penetrance of SFs, true
positive versus false positive SFs, and costs; for solutions:
professionals’ decisions and collaborations, patient’s pref-
erences and personalized opt-in options, somatic or germ
line reports, cancer versus non-cancer cases, pharmacoge-
nomics approaches, actionable SFs, guidelines updates,
variants functionality, bioinformatics and datasets, clini-
cal characteristics of patients, population ethnicities and
backgrounds, and cost-effectiveness and financial issues.

There are some important points in the tendencies
all over the world facing the IFs/SFs. These points are
generally related to the positive trend of both profession-
als and individuals to inform and to be informed about the
IFs/SFs, respectively. In recent years, several studies have
addressed the issue that guidelines such as ACMG and
ESHG could not cover all aspects of IFs/SFs both ethically
andmedically. Themain focuses of these studies (reviews,
case reports, and original articles) have been the modern-
ized opt-in informed consents according to some items in-
cluding prenatal/post-natal or pediatric/adulthood, action-
able variants, cancer/ not cancer situations, population-
based backgrounds or different ethnicities, time- and cost-

effectiveness, the education level of subjects and clini-
cians, and the combinations of pharmacogenomics find-
ings to introduce medicinal treatments and personalized
prescriptions leading to a healthier lifestyle.

Interestingly, the reports during two recent years
(2022–2023) represent the importance of prenatal IFs/SFs
and the more pharmacogenomics-based data having ac-
tionability impacts. Concerns about the ethical approaches
to secondary findings (SFs) persist; however, the current
review presents notable solutions that are both ethically
sound and practically feasible. These solutions have the
potential to be adapted for different populations, consider-
ing various psychosocial, educational, and cultural factors.
Results also found that recent reports are concentrated on
the high-volumeWES tests of subjects from biobanks and
healthcare centers. The populations which were studied in
large-scale subjects were Turkish, Japanese, Italian, Amer-
ican, Chinese, South African, and Dutch [10,142–147].

6. Conclusions

In conclusion, while concerns about the ethical issues in
reporting secondary findings (SFs) persist, this study has
introduced notable solutions that are both ethically sound
and practically feasible for implementation. This review
also found that recent reports are focused on the high-
volume ES tests of subjects from biobanks and health-
care centers. There are notable suggestions that need to
be considered both by the updates of guidelines and pro-
fessionals. These suggestions include the combination
of pharmacogenomics approaches regarding population
backgrounds to build ethnicity-based panels of SFs. This
will lead to a more suitable time- and cost-effective man-
agement of SFs reporting in higher layered information.
With a wider collaboration between professionals (med-
ical geneticists, molecular geneticists, physicians, and
lab experts), a more efficient network will be organized
that can aware and educate the patients about their SFs
rapidly and accurately.

Author Contributions
F.T. performed data accumulation, analysis andmanuscript
preparation N.P. contributed in revision of manuscript,
M.M.A. was involved in study concept and supervision,
A.S.N.L. and A.G. were involved in manuscript prepara-
tion.

Availability of Data and Materials
Not applicable.

GenoMed Connect
13

Taheri, et al.

https://scifiniti.com/


2024, Vol. 1, Article ID. 2024003
www.doi.org/10.69709/GenomC.2024.197183

Consent for Publication
Not applicable.

Conflict of Interest
The authors declare no conflict of interest.

Funding
No external funding was received for this research.

Acknowledgments
Declared None.

References

[1] Wolf, S.M.; Lawrenz, F.P.; Nelson, C.A.; Kahn, J.P.;
Cho, M.K.; Clayton, E.W.; Fletcher, J.G.; Georgieff,
M.K.; Hammerschmidt, D.; Hudson, K.Managing in-
cidental findings in human subjects research: Analy-
sis and recommendations. J. Law. Med. Ethics 2008,
36, 219–248. [CrossRef]

[2] Directors, A.B.O. Points to consider in the clinical ap-
plication of genomic sequencing. Genet. Med. Off.
J. Am. Coll. Med. Genet. 2012, 14, 759–761.

[3] Allyse, M.; Michie, M. Not-so-incidental findings:
The ACMG recommendations on the reporting of in-
cidental findings in clinical whole genome and whole
exome sequencing. Trends Biotechnol. 2013, 31,
439–441. [CrossRef]

[4] Green, R.C.; Berg, J.S.; Grody, W.W.; Kalia, S.S.;
Korf, B.R.; Martin, C.L.; McGuire, A.L.; Nussbaum,
R.L.; O’Daniel, J.M.; Ormond, K.E. ACMG recom-
mendations for reporting of incidental findings in
clinical exome and genome sequencing. Genet. Med.
2013, 15, 565–574. [CrossRef] [PubMed]

[5] O’Daniel, J.M.; McLaughlin, H.M.; Amendola,
L.M.; Bale, S.J.; Berg, J.S.; Bick, D.; Bowling, K.M.;
Chao, E.C.; Chung, W.K.; Conlin, L.K. A survey
of current practices for genomic sequencing test in-
terpretation and reporting processes in US laborato-
ries. Genet. Med. 2017, 19, 575–582. [CrossRef]
[PubMed]

[6] Tabor, H.K.; Stock, J.; Brazg, T.; McMillin, M.J.;
Dent, K.M.; Yu, J.H.; Shendure, J.; Bamshad, M.J.
Informed consent for whole genome sequencing: A
qualitative analysis of participant expectations and
perceptions of risks, benefits, and harms. Am. J. Med.
Genet. Part A 2012, 158, 1310–1319. [CrossRef]

[7] Bergner, A.L.; Bollinger, J.; Raraigh, K.S.; Tich-
nell, C.; Murray, B.; Blout, C.L.; Telegrafi, A.B.;
James, C.A. Informed consent for exome sequencing
research in families with genetic disease: The emerg-
ing issue of incidental findings. Am. J. Med. Genet.
Part A 2014, 164, 2745–2752. [CrossRef] [PubMed]

[8] Shahmirzadi, L.; Chao, E.C.; Palmaer, E.; Parra,
M.C.; Tang, S.; Gonzalez, K.D.F. Patient decisions
for disclosure of secondary findings among the first
200 individuals undergoing clinical diagnostic ex-

ome sequencing. Genet. Med. 2014, 16, 395–399.
[CrossRef]

[9] Sapp, J.C.; Dong, D.; Stark, C.; Ivey, L.E.; Hooker,
G.; Biesecker, L.G.; Biesecker, B.B. Parental atti-
tudes, values, and beliefs toward the return of results
from exome sequencing in children. Clin. Genet.
2014, 85, 120–126. [CrossRef]

[10] Bos, W.; Bunnik, E.M. Informed consent practices
for exome sequencing: An interview study with clin-
ical geneticists in the Netherlands. Mol. Genet.
Genom. Med. 2022, 10, e1882. [CrossRef]

[11] Murrell, J.R.; Nesbitt, A.M.I.; Baker, S.W.; Pechter,
K.B.; Balciuniene, J.; Zhao, X.; Denenberg, E.H.;
DeChene, E.T.; Wu, C.; Jayaraman, P. Molecular Di-
agnostic Outcomes from 700 Cases. J. Mol. Diagn.
2022, 24, 274–286. [CrossRef]

[12] Custódio, G.; Parise, G.A.; Kiesel Filho, N.;
Komechen, H.; Sabbaga, C.C.; Rosati, R.; Grisa,
L.; Parise, I.Z.; Pianovski, M.A.; Fiori, C.M. Im-
pact of neonatal screening and surveillance for the
TP53 R337H mutation on early detection of child-
hood adrenocortical tumors. J. Clin. Oncol. 2013,
31, 2619. [CrossRef] [PubMed]

[13] Figueiredo, B.C.; Sandrini, R.; Zambetti, G.P.;
Pereira, R.M.; Cheng, C.; Liu, W.; Lacerda, L.; Pi-
anovski, M.A.; Michalkiewicz, E.; Jenkins, J. Pene-
trance of adrenocortical tumours associated with the
germline TP53 R337H mutation. J. Med. Genet.
2006, 43, 91–96. [CrossRef]

[14] Lawrence, L.; Sincan, M.; Markello, T.; Adams,
D.R.; Gill, F.; Godfrey, R.; Golas, G.; Groden,
C.; Landis, D.; Nehrebecky, M. The implications
of familial incidental findings from exome sequenc-
ing: The NIH Undiagnosed Diseases Program expe-
rience. Genet. Med. 2014, 16, 741–750. [CrossRef]
[PubMed]

[15] Thauvin-Robinet, C.; Thevenon, J.; Nambot, S.; De-
lanne, J.; Kuentz, P.; Bruel, A.-L.; Chassagne, A.;
Cretin, E.; Pelissier, A.; Peyron, C. Secondary action-
able findings identified by exome sequencing: Ex-
pected impact on the organisation of care from the
study of 700 consecutive tests. Eur. J. Hum. Genet.
2019, 27, 1197–1214. [CrossRef] [PubMed]

[16] ACMGBoard of Directors. ACMG policy statement:
Updated recommendations regarding analysis and re-
porting of secondary findings in clinical genome-
scale sequencing. Genet. Med. 2015, 17, 68–69.
[CrossRef] [PubMed]

[17] Fogel, B.L.; Lee, H.; Strom, S.P.; Deignan, J.L.; Nel-
son, S.F. Clinical exome sequencing in neurogenetic
and neuropsychiatric disorders. Ann. New York Acad.
Sci. 2016, 1366, 49–60. [CrossRef] [PubMed]

[18] Hufnagel, S.B.; Antommaria, A.H. Laboratory poli-
cies on reporting secondary findings in clinical whole
exome sequencing: Initial uptake of the ACMG’s rec-
ommendations. Am. J. Med. Genet. Part A 2014,
164, 1328–1331. [CrossRef]

[19] Keogh, L.; McClaren, B.; Maskiell, J.; Niven, H.;
Rutstein, A.; Flander, L.; Gaff, C.; Hopper, J.; Jenk-
ins, M. How do individuals decide whether to accept

Taheri, et al.

14

GenoMed Connect

https://scifiniti.com/
https://doi.org/10.1111/j.1748-720X.2008.00266.x
https://doi.org/10.1016/j.tibtech.2013.04.006
https://doi.org/10.1038/gim.2013.73
https://www.ncbi.nlm.nih.gov/pubmed/23788249
https://doi.org/10.1038/gim.2016.152
https://www.ncbi.nlm.nih.gov/pubmed/27811861
https://doi.org/10.1002/ajmg.a.35328
https://doi.org/10.1002/ajmg.a.36706
https://www.ncbi.nlm.nih.gov/pubmed/25251809
https://doi.org/10.1038/gim.2013.153
https://doi.org/10.1111/cge.12254
https://doi.org/10.1002/mgg3.1882
https://doi.org/10.1016/j.jmoldx.2021.12.002
https://doi.org/10.1200/JCO.2012.46.3711
https://www.ncbi.nlm.nih.gov/pubmed/23733769
https://doi.org/10.1136/jmg.2004.030551
https://doi.org/10.1038/gim.2014.29
https://www.ncbi.nlm.nih.gov/pubmed/24784157
https://doi.org/10.1038/s41431-019-0384-7
https://www.ncbi.nlm.nih.gov/pubmed/31019283
https://doi.org/10.1038/gim.2014.151
https://www.ncbi.nlm.nih.gov/pubmed/25356965
https://doi.org/10.1111/nyas.12850
https://www.ncbi.nlm.nih.gov/pubmed/26250888
https://doi.org/10.1002/ajmg.a.36398


2024, Vol. 1, Article ID. 2024003
www.doi.org/10.69709/GenomC.2024.197183

or decline an offer of genetic testing for colorectal
cancer? Hered. Cancer Clin. Pract. 2011, 9, 1–2.
[CrossRef]

[20] Yu, J.H.; Crouch, J.; Jamal, S.M.; Tabor, H.K.;
Bamshad, M.J. Attitudes of African Americans to-
ward return of results from exome and whole genome
sequencing. Am. J. Med. Genet. Part A 2013, 161,
1064–1072. [CrossRef]

[21] Hensley Alford, S.; McBride, C.M.; Reid, R.J.; Lar-
son, E.B.; Baxevanis, A.D.; Brody, L.C. Participa-
tion in genetic testing research varies by social group.
Public Health Genom. 2011, 14, 85–93. [CrossRef]
[PubMed]

[22] Bowdin, S.; Gilbert, A.; Bedoukian, E.; Carew, C.;
Adam, M.P.; Belmont, J.; Bernhardt, B.; Biesecker,
L.; Bjornsson, H.T.; Blitzer, M. Recommendations
for the integration of genomics into clinical practice.
Genet. Med. 2016, 18, 1075–1084. [CrossRef]

[23] Amendola, L.M.; Dorschner, M.O.; Robertson, P.D.;
Salama, J.S.; Hart, R.; Shirts, B.H.; Murray, M.L.;
Tokita, M.J.; Gallego, C.J.; Kim, D.S. Actionable ex-
omic incidental findings in 6503 participants: Chal-
lenges of variant classification. Genome Res. 2015,
25, 305–315. [CrossRef] [PubMed]

[24] Rigter, T.; Van Aart, C.; Elting, M.; Waisfisz, Q.;
Cornel, M.; Henneman, L. Informed consent for ex-
ome sequencing in diagnostics: Exploring first expe-
riences and views of professionals and patients. Clin.
Genet. 2014, 85, 417–422. [CrossRef]

[25] Ambrosini, A.; Quinlivan, R.; Sansone, V.A.; Mei-
jer, I.; Schrijvers, G.; Tibben, A.; Padberg, G.; De
Wit, M.; Sterrenburg, E.; Mejat, A. “Be an ambas-
sador for change that you would like to see”: A call
to action to all stakeholders for co-creation in health-
care and medical research to improve quality of life
of people with a neuromuscular disease. Orphanet J.
Rare Dis. 2019, 14, 1–12. [CrossRef]

[26] Lochmüller, H.; Ambrosini, A.; van Engelen, B.;
Hansson, M.; Tibben, A.; Breukel, A.; Sterrenburg,
E.; Schrijvers, G.; Meijer, I.; Padberg, G. The po-
sition of neuromuscular patients in shared decision
making. Report from the 235th ENMC workshop:
Milan, Italy, January 19–20, 2018. J. Neuromuscul.
Dis. 2019, 6, 161–172. [CrossRef]

[27] Gray, S.W.; Park, E.R.; Najita, J.; Martins, Y.;
Traeger, L.; Bair, E.; Gagne, J.; Garber, J.; Jänne,
P.A.; Lindeman, N. Oncologists’ and cancer patients’
views on whole-exome sequencing and incidental
findings: Results from the CanSeq study. Genet.
Med. 2016, 18, 1011–1019. [CrossRef] [PubMed]

[28] Yeo, H.; Niland, J.; Milne, D.; Veer, A. t.; Bekaii-
Saab, T.; Farma, J.M.; Lai, L.; Skibber, J.M.; Small
Jr, W.; Wilkinson, N. Incidence of minimally inva-
sive colorectal cancer surgery at National Compre-
hensive Cancer Network centers. J. Natl. Cancer
Inst. 2015, 107, dju362. [CrossRef]

[29] Wood, D.E. National Comprehensive Cancer Net-
work (NCCN) clinical practice guidelines for lung
cancer screening. Thorac. Surg. Clin. 2015, 25,
185–197. [CrossRef]

[30] Van Allen, E.; Wagle, N.; Stojanov, P.; Perrin,
D.; Cibulskis, K.; Marlow, S.; Jane-Valbuena, J.;
Friedrich, D.; Kryukov, G.; Carter, S.A.; et al.
Whole-exome sequencing and clinical interpretation
of formalin-fixed, paraffin-embedded tumor samples
to guide precision cancer medicine. Nat. Med. 2014,
20, 682–688. [CrossRef]

[31] Ramoni, R.B.; McGuire, A.L.; Robinson, J.O.; Mor-
ley, D.S.; Plon, S.E.; Joffe, S. Experiences and atti-
tudes of genome investigators regarding return of in-
dividual genetic test results. Genet. Med. 2013, 15,
882–887. [CrossRef] [PubMed]

[32] Sheehan, M. The Right to Know and Genetic Testing;
Institute of Medical Ethics: St Helens, UK, 2015.

[33] Kauff, N.D.; Satagopan, J.M.; Robson, M.E.;
Scheuer, L.; Hensley, M.; Hudis, C.A.; Ellis, N.A.;
Boyd, J.; Borgen, P.I.; Barakat, R.R. Risk-reducing
salpingo-oophorectomy in women with a BRCA1 or
BRCA2mutation. N. Engl. J. Med. 2002, 346, 1609–
1615. [CrossRef] [PubMed]

[34] Chu, P.-W.;Wang, Y.-P.; Chen, I.-C.; Pan, H.-M.; Wu,
G.-J. Notch 1 signaling pathway effect on implanta-
tion competency. Fertil. Steril. 2011, 96, 1225–
1229. [CrossRef]

[35] Machens, A.; Niccoli-Sire, P.; Hoegel, J.; Frank-
Raue, K.; van Vroonhoven, T.J.; Roeher, H.D.; Wahl,
RA.; Lamesch, P.; Raue, F. Conte-Devolx, B.; et al.
Early malignant progression of hereditary medullary
thyroid cancer. N. Engl. J. Med. 2003, 349, 1517–
1525. [CrossRef] [PubMed]

[36] Järvinen, H.J.; Aarnio, M.; Mustonen, H.; Aktan-
Collan, K.; Aaltonen, L.A.; Peltomäki, P.; De La
Chapelle, A.; Mecklin, J.P. Controlled 15-year trial
on screening for colorectal cancer in families with
hereditary nonpolyposis colorectal cancer. Gastroen-
terology 2000, 118, 829–834. [CrossRef]

[37] Piccart-Gebhart, M.J.; Procter, M.; Leyland-Jones,
B.; Goldhirsch, A.; Untch, M.; Smith, I.; Gianni, L.;
Baselga, J.; Bell, R.; Jackisch, C. Trastuzumab after
adjuvant chemotherapy in HER2-positive breast can-
cer. N. Engl. J. Med. 2005, 353, 16591672. [Cross-
Ref]

[38] Talpaz, M.; Dj, R.; Peng, B.; Buchdunger, E. Ford
jM, Lydon NB, Kantarjian H, Capdeville R, ohno-
jones S and Sawyers CL: Efficacy and safety of a
specific inhibitor of the BCR-ABL tyrosine kinase in
chronic myeloid leukemia. N. Engl. J. Med. 2001,
344, 1031–1037.

[39] Foekens, J.A.; Atkins, D.; Zhang, Y.; Sweep, F.; Har-
beck, N.; Paradiso, A.; Cufer, T.; Sieuwerts, A.M.;
Talantov, D.; Span, P.N. Multicenter validation of a
gene expression-based prognostic signature in lymph
node-negative primary breast cancer. J. Clin. Oncol.
2006, 24, 1665–1671. [CrossRef]

[40] Mok, T.S.; Wu, Y.; Thongprasert, S. B Margono Ichi-
nose Y, Nishiwaki Y, Ohe Y, Yang JJ, Chewaskuly-
ong B, Jiang H, Duffield EL, Watkins CL, Armour
AA, Fukuoka M, Gefitinib or carboplatin-paclitaxel
in pulmonary adenocarcinoma. N. Engl. J. Med.
2009, 361, 947–957. [CrossRef]

GenoMed Connect
15

Taheri, et al.

https://scifiniti.com/
https://doi.org/10.1186/1897-4287-9-S1-P17
https://doi.org/10.1002/ajmg.a.35914
https://doi.org/10.1159/000294277
https://www.ncbi.nlm.nih.gov/pubmed/20299772
https://doi.org/10.1038/gim.2016.17
https://doi.org/10.1101/gr.183483.114
https://www.ncbi.nlm.nih.gov/pubmed/25637381
https://doi.org/10.1111/cge.12299
https://doi.org/10.1186/s13023-019-1103-8
https://doi.org/10.3233/JND-180368
https://doi.org/10.1038/gim.2015.207
https://www.ncbi.nlm.nih.gov/pubmed/26866579
https://doi.org/10.1093/jnci/dju362
https://doi.org/10.1016/j.thorsurg.2014.12.003
https://doi.org/10.1038/nm.3559
https://doi.org/10.1038/gim.2013.58
https://www.ncbi.nlm.nih.gov/pubmed/23639901
https://doi.org/10.1056/NEJMoa020119
https://www.ncbi.nlm.nih.gov/pubmed/12023992
https://doi.org/10.1016/j.fertnstert.2011.08.032
https://doi.org/10.1056/NEJMoa012915
https://www.ncbi.nlm.nih.gov/pubmed/14561794
https://doi.org/10.1016/S0016-5085(00)70168-5
https://doi.org/10.1056/NEJMoa052306
https://doi.org/10.1056/NEJMoa052306
https://doi.org/10.1200/JCO.2005.03.9115
https://doi.org/10.1056/NEJMoa0810699


2024, Vol. 1, Article ID. 2024003
www.doi.org/10.69709/GenomC.2024.197183

[41] MacConaill, L.E.; Garcia, E.; Shivdasani, P.; Ducar,
M.; Adusumilli, R.; Breneiser, M.; Byrne, M.;
Chung, L.; Conneely, J.; Crosby, L. Prospective
enterprise-level molecular genotyping of a cohort of
cancer patients. J. Mol. Diagn. 2014, 16, 660–672.
[CrossRef]

[42] Spranger, S.; Spaapen, R.M.; Zha, Y.; Williams, J.;
Meng, Y.; Ha, T.T.; Gajewski, T.F. Up-regulation
of PD-L1, IDO, and Tregs in the melanoma tumor
microenvironment is driven by CD8+ T cells. Sci.
Transl. Med. 2013, 5, 200ra116. [CrossRef]

[43] Van Allen, E.M.; Wagle, N.; Levy, M.A. Clinical
analysis and interpretation of cancer genome data. J.
Clin. Oncol. 2013, 31, 1825–1833. [CrossRef]

[44] Roychowdhury, S.; Iyer, M.; Robinson, D.; Lonigro,
R.; Wu, Y.; Cao, X.; Kalyana-Sundaram, S.; Sam,
L.; Balbin, O.; Quist, M.; et al. Personalized oncol-
ogy through integrative high-throughput sequencing:
A pilot study. Sci. Transl. Med. 2011, 3, 111ra121.
[CrossRef] [PubMed]

[45] Stadler, Z.K.; Schrader, K.A.; Vijai, J.; Robson,
M.E.; Offit, K. Cancer genomics and inherited risk.
J. Clin. Oncol. 2014, 32, 687. [CrossRef] [PubMed]

[46] Parsons, D.W.; Roy, A.; Plon, S.E.; Roychowdhury,
S.; Chinnaiyan, A.M. Clinical tumor sequencing: An
incidental casualty of the American College of Med-
ical Genetics and Genomics recommendations for re-
porting of incidental findings. J. Clin. Oncol. 2014,
32, 2203. [CrossRef]

[47] Parker, B.A.; Schwaederlé, M.; Scur, M.D.; Boles,
S.G.; Helsten, T.; Subramanian, R.; Schwab, R.B.;
Kurzrock, R. Breast cancer experience of the molec-
ular tumor board at the University of California, San
Diego Moores Cancer Center. J. Oncol. Pract. 2015,
11, 442–449. [CrossRef] [PubMed]

[48] Green, M.J.; Peterson, S.K.; Baker, M.W.; Harper,
G.R.; Friedman, L.C.; Rubinstein, W.S.; Mauger,
D.T. Effect of a computer-based decision aid on
knowledge, perceptions, and intentions about genetic
testing for breast cancer susceptibility: A randomized
controlled trial. JAMA 2004, 292, 442–452. [Cross-
Ref] [PubMed]

[49] Hughes, K.S.; Beitsch, P.; Chen, S. Guidelines Do
Not Proscribe Surgeons Performing Genetic Testing.
JAMA Surg. 2019, 154, 269. [CrossRef]

[50] American Society of Clinical Oncology. American
Society of Clinical Oncology policy statement up-
date: Genetic testing for cancer susceptibility. J. Clin.
Oncol. Off. J. Am. Soc. Clin. Oncol. 2003, 21,
2397–2406. [CrossRef]

[51] Kramer, W.E.; Walker, D.L.; O’Kane, D.J.; Mrazek,
D.A.; Fisher, P.K.; Dukek, B.A.; Bruflat, J.K.; Black,
J.L. CYP2D6: Novel genomic structures and alleles.
Pharmacogenetics Genom. 2009, 19, 813. [Cross-
Ref]

[52] Ji, Y.; Skierka, J.M.; Blommel, J.H.; Moore, B.E.;
VanCuyk, D.L.; Bruflat, J.K.; Peterson, L.M.; Veld-
huizen, T.L.; Fadra, N.; Peterson, S.E. Preemp-
tive pharmacogenomic testing for precisionmedicine:
A comprehensive analysis of five actionable phar-

macogenomic genes using next-generation DNA se-
quencing and a customized CYP2D6 genotyping cas-
cade. J. Mol. Diagn. 2016, 18, 438–445. [CrossRef]
[PubMed]

[53] Cousin, M.A.; Matey, E.T.; Blackburn, P.R.;
Boczek, N.J.; McAllister, T.M.; Kruisselbrink, T.M.;
Babovic-Vuksanovic, D.; Lazaridis, K.N.; Klee, E.W.
Pharmacogenomic findings from clinical whole ex-
ome sequencing of diagnostic odyssey patients. Mol.
Genet. Genom. Med. 2017, 5, 269–279. [CrossRef]

[54] Arwood, M.J.; Chumnumwat, S.; Cavallari, L.H.;
Nutescu, E.A.; Duarte, J.D. Implementing phar-
macogenomics at your institution: Establishment
and overcoming implementation challenges. Clin.
Transl. Sci. 2016, 9, 233. [CrossRef] [PubMed]

[55] Caraballo, P.J.; Hodge, L.S.; Bielinski, S.J.; Stew-
art, A.K.; Farrugia, G.; Schultz, C.G.; Rohrer-Vitek,
C.R.; Olson, J.E.; St Sauver, J.L.; Roger, V.L. Multi-
disciplinary model to implement pharmacogenomics
at the point of care. Genet. Med. 2017, 19, 421–429.
[CrossRef]

[56] Hicks, J.K.; Stowe, D.; Willner, M.A.; Wai, M.; Daly,
T.; Gordon, S.M.; Lashner, B.A.; Parikh, S.; White,
R.; Teng, K. Implementation of clinical pharmacoge-
nomics within a large health system: From electronic
health record decision support to consultation ser-
vices. Pharmacother. J. Hum. Pharmacol. Drug
Ther. 2016, 36, 940–948. [CrossRef] [PubMed]

[57] Hoffman, J.M.; Dunnenberger, H.M.; Kevin Hicks,
J.; Caudle, K.E.; Whirl Carrillo, M.; Freimuth,
R.R.; Williams, M.S.; Klein, T.E.; Peterson, J.F. De-
veloping knowledge resources to support precision
medicine: Principles from the Clinical Pharmaco-
genetics Implementation Consortium (CPIC). J. Am.
Med. Inform. Assoc. 2016, 23, 796–801. [CrossRef]

[58] Manzi, S.F.; Fusaro, V.A.; Chadwick, L.; Brown-
stein, C.; Clinton, C.; Mandl, K.D.; Wolf, W.A.;
Hawkins, J.B. Creating a scalable clinical phar-
macogenomics service with automated interpreta-
tion andmedical record result integration–experience
from a pediatric tertiary care facility. J. Am. Med. In-
form. Assoc. 2017, 24, 74–80. [CrossRef]

[59] Sauver, J.L.S.; Bielinski, S.J.; Olson, J.E.; Bell,
E.J.; Mc Gree, M.E.; Jacobson, D.J.; McCormick,
J.B.; Caraballo, P.J.; Takahashi, P.Y.; Roger, V.L.
Integrating pharmacogenomics into clinical practice:
Promise vs reality. Am. J. Med. 2016, 129, 1093–
1099.e1091. [CrossRef]

[60] Nishimura, A.A.; Shirts, B.H.; Dorschner, M.O.;
Amendola, L.M.; Smith, J.W.; Jarvik, G.P.; Tarczy-
Hornoch, P. Development of clinical decision sup-
port alerts for pharmacogenomic incidental findings
from exome sequencing. Genet. Med. 2015, 17,
939–942. [CrossRef]

[61] Yang, S.; Lincoln, S.E.; Kobayashi, Y.; Nykamp, K.;
Nussbaum, R.L.; Topper, S. Sources of discordance
among germ-line variant classifications in ClinVar.
Genet. Med. 2017, 19, 1118–1126. [CrossRef]

[62] Lee, E.M.; Xu, K.; Mosbrook, E.; Links, A.; Guz-
man, J.; Adams, D.R.; Flynn, E.; Valkanas, E.; Toro,

Taheri, et al.

16

GenoMed Connect

https://scifiniti.com/
https://doi.org/10.1016/j.jmoldx.2014.06.004
https://doi.org/10.1126/scitranslmed.3006504
https://doi.org/10.1200/JCO.2013.48.7215
https://doi.org/10.1126/scitranslmed.3003161
https://www.ncbi.nlm.nih.gov/pubmed/22133722
https://doi.org/10.1200/JCO.2013.49.7271
https://www.ncbi.nlm.nih.gov/pubmed/24449244
https://doi.org/10.1200/JCO.2013.54.8917
https://doi.org/10.1200/JOP.2015.004127
https://www.ncbi.nlm.nih.gov/pubmed/26243651
https://doi.org/10.1001/jama.292.4.442
https://doi.org/10.1001/jama.292.4.442
https://www.ncbi.nlm.nih.gov/pubmed/15280342
https://doi.org/10.1001/jamasurg.2018.4882
https://doi.org/10.1200/JCO.2003.03.189
https://doi.org/10.1097/FPC.0b013e3283317b95
https://doi.org/10.1097/FPC.0b013e3283317b95
https://doi.org/10.1016/j.jmoldx.2016.01.003
https://www.ncbi.nlm.nih.gov/pubmed/26947514
https://doi.org/10.1002/mgg3.283
https://doi.org/10.1111/cts.12404
https://www.ncbi.nlm.nih.gov/pubmed/27214750
https://doi.org/10.1038/gim.2016.120
https://doi.org/10.1002/phar.1786
https://www.ncbi.nlm.nih.gov/pubmed/27312955
https://doi.org/10.1093/jamia/ocw027
https://doi.org/10.1093/jamia/ocw052
https://doi.org/10.1016/j.amjmed.2016.04.009
https://doi.org/10.1038/gim.2015.5
https://doi.org/10.1038/gim.2017.60


2024, Vol. 1, Article ID. 2024003
www.doi.org/10.69709/GenomC.2024.197183

C.; Tifft, C.J. Pharmacogenomic incidental findings
in 308 families: The NIH Undiagnosed Diseases Pro-
gram experience. Genet. Med. 2016, 18, 1303–1307.
[CrossRef]

[63] Parsons, D.W.; Roy, A.; Yang, Y.; Wang, T.; Scol-
lon, S.; Bergstrom, K.; Kerstein, R.A.; Gutierrez, S.;
Petersen, A.K.; Bavle, A. Diagnostic yield of clini-
cal tumor and germline whole-exome sequencing for
children with solid tumors. JAMA Oncol. 2016, 2,
616–624. [CrossRef] [PubMed]

[64] Yang, Y.; Muzny, D.M.; Reid, J.G.; Bainbridge,
M.N.; Willis, A.; Ward, P.A.; Braxton, A.; Beuten,
J.; Xia, F.; Niu, Z. Clinical whole-exome sequencing
for the diagnosis of mendelian disorders. N. Engl. J.
Med. 2013, 369, 1502–1511. [CrossRef]

[65] Berg, J.S.; Khoury, M.J.; Evans, J.P. Deploying
whole genome sequencing in clinical practice and
public health: Meeting the challenge one bin at a time.
Genet. Med. 2011, 13, 499–504. [CrossRef]

[66] Dorschner, M.; Amendola, L.; Turner, E.; Robert-
son, P.; Shirts, B.; Gallego, C.; Bennett, R.; Jones,
K.; Tokita, M.; Bennett, J. National Heart, Lung, and
Blood Institute Grand Opportunity Exome Sequenc-
ing Project. Actionable, pathogenic incidental find-
ings in 1,000 participants’ exomes. Am. J. Hum.
Genet. 2013, 93, 631–640. [CrossRef] [PubMed]

[67] Daack-Hirsch, S.; Driessnack, M.; Hanish, A.; John-
son, V.A.; Shah, L.L.; Simon, C.M.; Williams, J. ‘In-
formation is information’: A public perspective on
incidental findings in clinical and research genome-
based testing. Clin. Genet. 2013, 84, 11–18. [Cross-
Ref]

[68] Gourna, E.G.; Armstrong, N.; Wallace, S.E. Com-
pare and contrast: A cross-national study across UK,
USA and Greek experts regarding return of inciden-
tal findings from clinical sequencing. Eur. J. Hum.
Genet. 2016, 24, 344–349. [CrossRef]

[69] Middleton, A.; Morley, K.I.; Bragin, E.; Firth, H.V.;
Hurles, M.E.; Wright, C.F.; Parker, M. Attitudes
of nearly 7000 health professionals, genomic re-
searchers and publics toward the return of inciden-
tal results from sequencing research. Eur. J. Hum.
Genet. 2016, 24, 21–29. [CrossRef] [PubMed]

[70] Watson, M. Incidental findings in clinical genomics:
A clarification. Genet. Med. 2013, 15, 664–666.

[71] American College of Medical Genetics and Ge-
nomics. ACMG updates recommendation on “opt
out” for genome sequencing return of results. 2014.
Available online: https://www.prnewswire.com/
news-releases/acmg-updates-recommendation-on-
opt-out-for-genome-sequencing-return-of-results-
253369641.html (accessed on 18 May 2024).

[72] de Wert, G.; Dondorp, W.; Clarke, A.; Dequeker,
E.M.; Cordier, C.; Deans, Z.; van El, C.G.; Fellmann,
F.; Hastings, R.; Hentze, S. Opportunistic genomic
screening. Recommendations of the European soci-
ety of human genetics. Eur. J. Hum. Genet. 2021,
29, 365–377. [CrossRef] [PubMed]

[73] Alvarez-Mora, M.I.; Rodríguez-Revenga, L.; Jodar,
M.; Potrony, M.; Sanchez, A.; Badenas, C.; Oriola,

J.; Villanueva-Cañas, J.L.; Muñoz, E.; Valldeoriola,
F. Implementation of Exome Sequencing in Clinical
Practice for Neurological Disorders. Genes 2023, 14,
813. [CrossRef]

[74] Kalia, S.S.; Adelman, K.; Bale, S.J.; Chung, W.K.;
Eng, C.; Evans, J.P.; Herman, G.E.; Hufnagel, S.B.;
Klein, T.E.; Korf, B.R.; et al. Recommendations for
reporting of secondary findings in clinical exome and
genome sequencing, 2016 update (ACMG SF v2. 0):
A policy statement of the American College of Med-
ical Genetics and Genomics. Genet. Med. 2017, 19,
249–255. [CrossRef] [PubMed]

[75] Miller, D.T.; Lee, K.; Chung, W.K.; Gordon, A.S.;
Herman, G.E.; Klein, T.E.; Stewart, D.R.; Amen-
dola, L.M.; Adelman, K.; Bale, S.J. ACMG SF v3.
0 list for reporting of secondary findings in clinical
exome and genome sequencing: A policy statement
of the American College ofMedical Genetics and Ge-
nomics (ACMG).Genet. Med. 2021, 23, 1381–1390.
[CrossRef] [PubMed]

[76] Gordon, A.S.; Zouk, H.; Venner, E.; Eng, C.M.;
Funke, B.H.; Amendola, L.M.; Carrell, D.S.;
Chisholm, R.L.; Chung, W.K.; Denny, J.C. Fre-
quency of genomic secondary findings among 21,915
eMERGE network participants. Genet. Med. 2020,
22, 1470–1477. [CrossRef] [PubMed]

[77] De Clercq, E.; Kaye, J.; Wolf, S.M.; Koenig, B.A.;
Elger, B.S. Returning results in biobank research:
Global trends and solutions. Genet. Test. Mol.
Biomark. 2017, 21, 128–131. [CrossRef]

[78] Douglas, M.P.; Ladabaum, U.; Pletcher, M.J.; Mar-
shall, D.A.; Phillips, K.A. Economic evidence on
identifying clinically actionable findings with whole-
genome sequencing: A scoping review. Genet. Med.
2016, 18, 111–116. [CrossRef]

[79] Kochan, D.C.; Winkler, E.; Lindor, N.; Shaibi, G.Q.;
Olson, J.; Caraballo, P.J.; Freimuth, R.; Pacyna, J.E.;
Breitkopf, C.R.; Sharp, R.R. Challenges in returning
results in a genomic medicine implementation study:
The Return of Actionable Variants Empirical (RAVE)
study. NPJ Genom. Med. 2020, 5, 19. [CrossRef]

[80] Headrick, A.T.; Rosenfeld, J.A.; Yang, Y.;
Tunuguntla, H.; Allen, H.D.; Penny, D.J.; Kim,
J.J.; Landstrom, A.P. Incidentally identified ge-
netic variants in arrhythmogenic right ventricular
cardiomyopathy-associated genes among children
undergoing exome sequencing reflect healthy popu-
lation variation. Mol. Genet. Genom. Med. 2019, 7,
e593. [CrossRef]

[81] Rego, S.; Dagan-Rosenfeld, O.; Zhou, W.; Sailani,
M.R.; Limcaoco, P.; Colbert, E.; Avina, M.; Wheeler,
J.; Craig, C.; Salins, D. High-frequency actionable
pathogenic exome variants in an average-risk cohort.
Mol. Case Stud. 2018, 4, a003178. [CrossRef]

[82] Yehia, L.; Ni, Y.; Sesock, K.; Niazi, F.; Fletcher,
B.; Chen, H.J.L.; LaFramboise, T.; Eng, C. Unex-
pected cancer-predisposition gene variants in Cow-
den syndrome and Bannayan-Riley-Ruvalcaba syn-
drome patients without underlying germline PTEN

GenoMed Connect
17

Taheri, et al.

https://scifiniti.com/
https://doi.org/10.1038/gim.2016.47
https://doi.org/10.1001/jamaoncol.2015.5699
https://www.ncbi.nlm.nih.gov/pubmed/26822237
https://doi.org/10.1056/NEJMoa1306555
https://doi.org/10.1097/GIM.0b013e318220aaba
https://doi.org/10.1016/j.ajhg.2013.08.006
https://www.ncbi.nlm.nih.gov/pubmed/24055113
https://doi.org/10.1111/cge.12167
https://doi.org/10.1111/cge.12167
https://doi.org/10.1038/ejhg.2015.132
https://doi.org/10.1038/ejhg.2015.58
https://www.ncbi.nlm.nih.gov/pubmed/25920556
https://www.prnewswire.com/news-releases/acmg-updates-recommendation-on-opt-out-for-genome-sequencing-return-of-results-253369641.html
https://www.prnewswire.com/news-releases/acmg-updates-recommendation-on-opt-out-for-genome-sequencing-return-of-results-253369641.html
https://www.prnewswire.com/news-releases/acmg-updates-recommendation-on-opt-out-for-genome-sequencing-return-of-results-253369641.html
https://www.prnewswire.com/news-releases/acmg-updates-recommendation-on-opt-out-for-genome-sequencing-return-of-results-253369641.html
https://doi.org/10.1038/s41431-020-00758-w
https://www.ncbi.nlm.nih.gov/pubmed/33223530
https://doi.org/10.3390/genes14040813
https://doi.org/10.1038/gim.2016.190
https://www.ncbi.nlm.nih.gov/pubmed/27854360
https://doi.org/10.1038/s41436-021-01172-3
https://www.ncbi.nlm.nih.gov/pubmed/34012068
https://doi.org/10.1038/s41436-020-0810-9
https://www.ncbi.nlm.nih.gov/pubmed/32546831
https://doi.org/10.1089/gtmb.2016.0394
https://doi.org/10.1038/gim.2015.69
https://doi.org/10.1038/s41525-020-0127-2
https://doi.org/10.1002/mgg3.593
https://doi.org/10.1101/mcs.a003178


2024, Vol. 1, Article ID. 2024003
www.doi.org/10.69709/GenomC.2024.197183

mutations. PLoS Genet. 2018, 14, e1007352. [Cross-
Ref] [PubMed]

[83] Yang, Y.; Muzny, D.; Xia, F.; Niu, Z.; Person, R.;
Ding, Y.; Ward, P.; Braxton, A.; Wang, M.; Buhay,
C. for clinical whole-exome sequencing. JAMA 2014,
312, 1870–1879. [CrossRef] [PubMed]

[84] Dewey, F.E.; Murray, M.F.; Overton, J.D.; Habeg-
ger, L.; Leader, J.B.; Fetterolf, S.N.; O’Dushlaine,
C.; Van Hout, C.V.; Staples, J.; Gonzaga-Jauregui, C.
Distribution and clinical impact of functional variants
in 50,726 whole-exome sequences from the Discov-
EHR study. Science 2016, 354, aaf6814. [CrossRef]

[85] Thompson, M.L.; Finnila, C.R.; Bowling, K.M.;
Brothers, K.B.; Neu, M.B.; Amaral, M.D.; Hiatt,
S.M.; East, K.M.; Gray, D.E.; Lawlor, J.M. Genomic
sequencing identifies secondary findings in a cohort
of parent study participants. Genet. Med. 2018, 20,
1635–1643. [CrossRef] [PubMed]

[86] Zhu, X.; Gao, Z.; Wang, Y.; Huang, W.; Li, Q.; Jiao,
Z.; Liu, N.; Kong, X. Implementation of trio-based
prenatal exome sequencing incorporating splice-site
and mitochondrial genome assessment in pregnan-
cies with fetal structural anomalies: Prospective co-
hort study. Ultrasound Obstet. Gynecol. Off. J. Int.
Soc. Ultrasound Obstet. Gynecol. 2022, 60, 780–
792. [CrossRef]

[87] Boycott, K.; Hartley, T.; Adam, S.; Bernier, F.;
Chong, K.; Fernandez, B.; Friedman, J.; Geraghty,
M.; Hume, S.; Knoppers, B.; et al. The clinical ap-
plication of genome-wide sequencing for monogenic
diseases in Canada: Position Statement of the Cana-
dian College of Medical Geneticists. J. Med. Genet.
2015, 52, 431–437. [CrossRef]

[88] Hehir-Kwa, J.Y.; Claustres, M.; Hastings, R.J.; van
Ravenswaaij-Arts, C.; Christenhusz, G.; Genuardi,
M.; Melegh, B.; Cambon-Thomsen, A.; Patsalis, P.;
Vermeesch, J. Towards a European consensus for re-
porting incidental findings during clinical NGS test-
ing. Eur. J. Hum. Genet. 2015, 23, 1601–1606.
[CrossRef]

[89] Bennette, C.S.; Gallego, C.J.; Burke, W.; Jarvik,
G.P.; Veenstra, D.L. The cost-effectiveness of return-
ing incidental findings from next-generation genomic
sequencing. Genet. Med. 2015, 17, 587–595. [Cross-
Ref]

[90] Harrison, S.; Dolinksy, J.; Chen, W.; Collins, C.;
Das, S.; Deignan, J.; Garber, K.; Garcia, J.; Jarinova,
O.; Knight Johnson, A.; et al. Scaling resolution of
variant classification differences in ClinVar between
41 clinical laboratories through an outlier approach.
Hum. Mutat 2018, 39, 1641–1649. [CrossRef]

[91] Harrison, S.M.; Dolinsky, J.S.; Knight Johnson,
A.E.; Pesaran, T.; Azzariti, D.R.; Bale, S.; Chao,
E.C.; Das, S.; Vincent, L.; Rehm, H.L. Clinical labo-
ratories collaborate to resolve differences in variant
interpretations submitted to ClinVar. Genet. Med.
2017, 19, 1096–1104. [CrossRef]

[92] Elfatih, A.; Mohammed, I.; Abdelrahman, D.; Mif-
sud, B.J.P.G. Frequency and management of medi-
cally actionable incidental findings from genome and

exome sequencing data: A systematic review. Phys-
iol. Genom. 2021, 53, 373–384. [CrossRef]

[93] Tang, C.S.-m.; Dattani, S.; So, M.-t.; Cherny, S.S.;
Tam, P.K.; Sham, P.C.; Garcia-Barcelo, M.-M. Ac-
tionable secondary findings from whole-genome se-
quencing of 954 East Asians. Hum. Genet. 2018,
137, 31–37. [CrossRef] [PubMed]

[94] Brunfeldt, M.; Kaare, M.; Saarinen, I.; Koskenvuo,
J.; Kääriäinen, H. Opt-in for secondary findings as
part of diagnostic whole-exome sequencing: Real-
life experience from an international diagnostic lab-
oratory. Mol. Genet. Genom. Med. 2023, 11, e2180.
[CrossRef] [PubMed]

[95] Vrijenhoek, T.; Tonisson, N.; Kääriäinen, H.; Leit-
salu, L.; Rigter, T. Clinical genetics in transition—A
comparison of genetic services in Estonia, Finland,
and the Netherlands. J. Community Genet. 2021, 12,
277–290. [CrossRef] [PubMed]

[96] Brunfeldt, M.; Teare, H.; Soini, S.; Kääriäinen, H.
Perceptions of legislation relating to the sharing of
genomic biobank results with donors—A survey of
BBMRI-ERIC biobanks. Eur. J. Hum. Genet. 2018,
26, 324–329. [CrossRef]

[97] Talati, A.N.; Gilmore, K.L.; Hardisty, E.E.; Lyerly,
A.D.; Rini, C.; Vora, N.L. Impact of prenatal exome
sequencing for fetal genetic diagnosis on maternal
psychological outcomes and decisional conflict in a
prospective cohort. Genet. Med. 2021, 23, 713–719.
[CrossRef]

[98] Rini, C.; Khan, C.M.; Moore, E.; Roche, M.I.; Evans,
J.P.; Berg, J.S.; Powell, B.C.; Corbie-Smith, G.; Fore-
man, A.K.M.; Griesemer, I. The who, what, and why
of research participants’ intentions to request a broad
range of secondary findings in a diagnostic genomic
sequencing study. Genet. Med. 2018, 20, 760–769.
[CrossRef]

[99] Werner-Lin, A.; Zaspel, L.; Carlson, M.; Mueller, R.;
Walser, S.A.; Desai, R.; Bernhardt, B.A. Gratitude,
protective buffering, and cognitive dissonance: How
families respond to pediatric whole exome sequenc-
ing in the absence of actionable results. Am. J. Med.
Genet. Part A 2018, 176, 578–588. [CrossRef]

[100]Newson, A.J. Whole genome sequencing in chil-
dren: Ethics, choice and deliberation. J. Med. Ethics
2017, 43, 540–542. [CrossRef]

[101]Bredenoord, A.L.; de Vries, M.C.; Van Delden, H.
The right to an open future concerning genetic infor-
mation. Am. J. Bioeth. 2014, 14, 21–23. [CrossRef]
[PubMed]

[102] Tibben, A.; Dondorp, W.; Cornelis, C.; Knoers, N.;
Brilstra, E.; van Summeren, M.; Bolt, I. Parents, their
children, whole exome sequencing and unsolicited
findings: Growing towards the child’s future auton-
omy. Eur. J. Hum. Genet. 2021, 29, 911–919.
[CrossRef]

[103]Rini, C.; Roche, M.I.; Lin, F.-C.; Foreman, A.K.M.;
Khan, C.M.; Griesemer, I.; Waltz, M.; Lee, K.;
O’Daniel, J.M.; Evans, J.P. Burden or benefit? Ef-
fects of providing education about and the option to
request additional genomic findings from diagnostic

Taheri, et al.

18

GenoMed Connect

https://scifiniti.com/
https://doi.org/10.1371/journal.pgen.1007352
https://doi.org/10.1371/journal.pgen.1007352
https://www.ncbi.nlm.nih.gov/pubmed/29684080
https://doi.org/10.1001/jama.2014.14601
https://www.ncbi.nlm.nih.gov/pubmed/25326635
https://doi.org/10.1126/science.aaf6814
https://doi.org/10.1038/gim.2018.53
https://www.ncbi.nlm.nih.gov/pubmed/29790872
https://doi.org/10.1002/uog.24974
https://doi.org/10.1136/jmedgenet-2015-103144
https://doi.org/10.1038/ejhg.2015.111
https://doi.org/10.1038/gim.2014.156
https://doi.org/10.1038/gim.2014.156
https://doi.org/10.1002/humu.23643
https://doi.org/10.1038/gim.2017.14
https://doi.org/10.1152/physiolgenomics.00025.2021
https://doi.org/10.1007/s00439-017-1852-1
https://www.ncbi.nlm.nih.gov/pubmed/29128982
https://doi.org/10.1002/mgg3.2180
https://www.ncbi.nlm.nih.gov/pubmed/37025058
https://doi.org/10.1007/s12687-021-00514-7
https://www.ncbi.nlm.nih.gov/pubmed/33704686
https://doi.org/10.1038/s41431-017-0049-3
https://doi.org/10.1038/s41436-020-01025-5
https://doi.org/10.1038/gim.2017.176
https://doi.org/10.1002/ajmg.a.38613
https://doi.org/10.1136/medethics-2016-103943
https://doi.org/10.1080/15265161.2013.879952
https://www.ncbi.nlm.nih.gov/pubmed/24592834
https://doi.org/10.1038/s41431-020-00794-6


2024, Vol. 1, Article ID. 2024003
www.doi.org/10.69709/GenomC.2024.197183

exome sequencing: A randomized controlled trial.
Patient Educ. Couns. 2021, 104, 2989–2998. [Cross-
Ref] [PubMed]

[104]Gereis, J.; Hetherington, K.; Ha, L.; Robertson,
E.G.; Ziegler, D.S.; Barlow-Stewart, K.; Tucker,
K.M.; Marron, J.M.; Wakefield, C.E. Parents’ under-
standing of genome and exome sequencing for pedi-
atric health conditions: A systematic review. Eur. J.
Hum. Genet. 2022, 30, 1216–1225. [CrossRef]

[105]Hitch, K.; Joseph, G.; Guiltinan, J.; Kianmahd, J.;
Youngblom, J.; Blanco, A. Lynch syndrome patients’
views of and preferences for return of results follow-
ingwhole exome sequencing. J. Genet. Couns. 2014,
23, 539–551. [CrossRef]

[106] Tadmouri, G.O.; Nair, P.; Obeid, T.; Al Ali, M.T.;
Al Khaja, N.; Hamamy, H.A. Consanguinity and re-
productive health among Arabs. Reprod. Health
2009, 6, 1–9. [CrossRef] [PubMed]

[107]Rehder, C.W.; David, K.L.; Hirsch, B.; Toriello,
H.V.; Wilson, C.M.; Kearney, H.M. American Col-
lege of Medical Genetics and Genomics: Standards
and guidelines for documenting suspected consan-
guinity as an incidental finding of genomic testing.
Genet. Med. 2013, 15, 150–152. [CrossRef]

[108]Hamamy, H.; Antonarakis, S.E.; Cavalli-Sforza,
L.L.; Temtamy, S.; Romeo, G.; Ten Kate, L.P.; Ben-
nett, R.L.; Shaw, A.; Megarbane, A.; van Duijn,
C. Consanguineous marriages, pearls and perils:
Geneva international consanguinity workshop report.
Genet. Med. 2011, 13, 841–847. [CrossRef]

[109]Gallego, C.J.; Bennette, C.S.; Heagerty, P.; Com-
stock, B.; Horike-Pyne, M.; Hisama, F.; Amen-
dola, L.M.; Bennett, R.L.; Dorschner, M.O.; Tarczy-
Hornoch, P. Comparative effectiveness of next gen-
eration genomic sequencing for disease diagnosis:
Design of a randomized controlled trial in patients
with colorectal cancer/polyposis syndromes. Con-
temp. Clin. Trials 2014, 39, 1–8. [CrossRef]

[110]Graubert, T.; Stone, R. AML genomics for the clin-
ician. In Seminars in Hematology; Elsevier: New
York, NY, USA, 2014; Volume 51, pp. 322–329.

[111] Sisodiya, S.M. Genetic screening and diagnosis in
epilepsy? Curr. Opin. Neurol. 2015, 28, 136–142.
[CrossRef]

[112] Tang, Y.; Stahl-Herz, J.; Sampson, B.A. Molecular
diagnostics of cardiovascular diseases in sudden un-
explained death. Cardiovasc. Pathol. 2014, 23, 1–4.
[CrossRef] [PubMed]

[113] Fridman, V.; Murphy, S.M. The spectrum of ax-
onopathies: From CMT2 to HSP; AAN Enterprises:
Minneapolis, MN, USA, 2014; Volume 83, pp. 580–
581.

[114] Lubitz, S.A.; Ellinor, P.T. Next-generation sequenc-
ing for the diagnosis of cardiac arrhythmia syn-
dromes. Heart Rhythm 2015, 12, 1062–1070. [Cross-
Ref]

[115] Lacroix, L.; Boichard, A.; André, F.; Soria, J.-C.
Genomes in the clinic: The Gustave Roussy Cancer
Center experience. Curr. Opin. Genet. Dev. 2014,
24, 99–106. [CrossRef] [PubMed]

[116] Iacobazzi, V.; Infantino, V.; Castegna, A.; Andria,
G. Hyperhomocysteinemia: Related genetic diseases
and congenital defects, abnormal DNA methylation
and newborn screening issues. Mol. Genet. Metab.
2014, 113, 27–33. [CrossRef] [PubMed]

[117] Liu, Z.-J.; Li, H.-F.; Tan, G.-H.; Tao, Q.-Q.; Ni,
W.; Cheng, X.-W.; Xiong, Z.-Q.; Wu, Z.-Y. Identify
mutation in amyotrophic lateral sclerosis cases using
HaloPlex target enrichment system. Neurobiol. Ag-
ing 2014, 35, 2881.e2811–2881.e2815. [CrossRef]

[118] Sanchez, M.; Levine, R.L.; Rampal, R. Integrating
genomics into prognostic models for AML. In Semi-
nars in Hematology; Elsevier: New York, NY, USA,
2014; Volume 51, pp. 298–305.

[119]Xue, Y.; Ankala, A.; Wilcox, W.R.; Hegde,
M.R. Solving the molecular diagnostic testing co-
nundrum for Mendelian disorders in the era of next-
generation sequencing: Single-gene, gene panel, or
exome/genome sequencing. Genet. Med. 2015, 17,
444–451. [CrossRef]

[120] Smith, A.; Boycott, K.M.; Jarinova, O. Lake Louise
Mutation Detection Meeting 2013: Clinical Transla-
tion of Next-Generation Sequencing Requires Opti-
mization of Workflows and Interpretation of Variants;
Wiley Online Library: New York, NY, USA, 2014.

[121]Dacic, S.; Nikiforova, M.N. Present and future
molecular testing of lung carcinoma. Adv. Anat.
Pathol. 2014, 21, 94–99. [CrossRef]

[122]Babkina, N.; Graham Jr, J.M. New genetic testing in
prenatal diagnosis. In Seminars in Fetal and Neona-
tal Medicine; Elsevier: New York, NY, USA, 2014;
Volume 19, pp. 214–219.

[123]Beckmann, J.S. Can we afford to sequence every
newborn baby’s genome? Hum. Mutat. 2015, 36,
283–286. [CrossRef]

[124]Bertier, G.; Hétu, M.; Joly, Y. Unsolved challenges
of clinical whole-exome sequencing: A systematic
literature review of end-users’ views. BMC Med.
Genom. 2016, 9, 1–12. [CrossRef]

[125]Carss, K.J.; Hillman, S.C.; Parthiban, V.; McMul-
lan, D.J.; Maher, E.R.; Kilby, M.D.; Hurles, M.E.
Exome sequencing improves genetic diagnosis of
structural fetal abnormalities revealed by ultrasound.
Hum. Mol. Genet. 2014, 23, 3269–3277. [CrossRef]

[126] Levenson, D. Whole-exome sequencing emerges as
clinical diagnostic tool: Testing method proves use-
ful for diagnosing wide range of genetic disorders.
Am. J. Med. Genet. Part A 2014, 164, ix–x. [Cross-
Ref]

[127]Ream,M.A.; Mikati, M.A. Clinical utility of genetic
testing in pediatric drug-resistant epilepsy: A pilot
study. Epilepsy Behav. 2014, 37, 241–248. [Cross-
Ref] [PubMed]

[128] Jiang, Y.-H.; Wang, Y.; Xiu, X.; Choy, K.W.; Purs-
ley, A.N.; Cheung, S.W. Genetic diagnosis of autism
spectrum disorders: The opportunity and challenge
in the genomics era. Crit. Rev. Clin. Lab. Sci. 2014,
51, 249–262. [CrossRef]

GenoMed Connect
19

Taheri, et al.

https://scifiniti.com/
https://doi.org/10.1016/j.pec.2021.04.026
https://doi.org/10.1016/j.pec.2021.04.026
https://www.ncbi.nlm.nih.gov/pubmed/33966955
https://doi.org/10.1038/s41431-022-01170-2
https://doi.org/10.1007/s10897-014-9687-6
https://doi.org/10.1186/1742-4755-6-17
https://www.ncbi.nlm.nih.gov/pubmed/19811666
https://doi.org/10.1038/gim.2012.169
https://doi.org/10.1097/GIM.0b013e318217477f
https://doi.org/10.1016/j.cct.2014.06.016
https://doi.org/10.1097/WCO.0000000000000180
https://doi.org/10.1016/j.carpath.2013.09.002
https://www.ncbi.nlm.nih.gov/pubmed/24157219
https://doi.org/10.1016/j.hrthm.2015.01.011
https://doi.org/10.1016/j.hrthm.2015.01.011
https://doi.org/10.1016/j.gde.2013.11.013
https://www.ncbi.nlm.nih.gov/pubmed/24583392
https://doi.org/10.1016/j.ymgme.2014.07.016
https://www.ncbi.nlm.nih.gov/pubmed/25087163
https://doi.org/10.1016/j.neurobiolaging.2014.07.003
https://doi.org/10.1038/gim.2014.122
https://doi.org/10.1097/PAP.0000000000000012
https://doi.org/10.1002/humu.22748
https://doi.org/10.1186/s12920-016-0213-6
https://doi.org/10.1093/hmg/ddu038
https://doi.org/10.1002/ajmg.a.36385
https://doi.org/10.1002/ajmg.a.36385
https://doi.org/10.1016/j.yebeh.2014.06.018
https://doi.org/10.1016/j.yebeh.2014.06.018
https://www.ncbi.nlm.nih.gov/pubmed/25108116
https://doi.org/10.3109/10408363.2014.910747


2024, Vol. 1, Article ID. 2024003
www.doi.org/10.69709/GenomC.2024.197183

[129] Lohmann, K.; Klein, C. Next generation sequencing
and the future of genetic diagnosis. Neurotherapeu-
tics 2014, 11, 699–707. [CrossRef] [PubMed]

[130]Williams, J.K.; Cashion, A.K.; Veenstra, D.L. Chal-
lenges in evaluating next-generation sequence data
for clinical decisions. Nurs. Outlook 2015, 63, 48–
50. [CrossRef] [PubMed]

[131]Berg, J.S. Genome-scale sequencing in clinical
care: Establishing molecular diagnoses and measur-
ing value. Jama 2014, 312, 1865–1867. [CrossRef]

[132] Lazaridis, K.N.; MCAllister, T.M.; Babovic-
Vuksanovic, D.; Beck, S.A.; Borad, M.J.; Bryce,
A.H.; Chanan-Khan, A.A.; Ferber, M.J.; Fonseca, R.;
Johnson, K.J. Implementing individualized medicine
into the medical practice. Am. J. Med. Genet. Part C
Semin. Med. Genet. 2014, 166, 15–23. [CrossRef]

[133]Klein, H.-G.; Bauer, P.; Hambuch, T. Whole
genome sequencing (WGS), whole exome sequenc-
ing (WES) and clinical exome sequencing (CES) in
patient care. LaboratoriumsMedizin 2014, 38, 221–
230. [CrossRef]

[134] Shashi, V.; McConkie-Rosell, A.; Schoch, K.; Kas-
turi, V.; Rehder, C.; Jiang, Y.; Goldstein, D.; Mc-
Donald, M. Practical considerations in the clinical ap-
plication of whole-exome sequencing. Clin. Genet.
2016, 89, 173–181. [CrossRef]

[135]Atwal, P.S.; Brennan, M.-L.; Cox, R.; Niaki, M.;
Platt, J.; Homeyer, M.; Kwan, A.; Parkin, S.; Schel-
ley, S.; Slattery, L. Clinical whole-exome sequenc-
ing: Are we there yet? Genet. Med. 2014, 16, 717–
719. [CrossRef]

[136] Thomas, F.; Desmedt, C.; Aftimos, P.; Awada, A.
Impact of tumor sequencing on the use of anticancer
drugs. Curr. Opin. Oncol. 2014, 26, 347–356.
[CrossRef] [PubMed]

[137]Kamalakaran, S.; Varadan, V.; Janevski, A.; Baner-
jee, N.; Tuck, D.; McCombie, W.R.; Dimitrova, N.;
Harris, L.N. Translating next generation sequencing
to practice: Opportunities and necessary steps. Mol.
Oncol. 2013, 7, 743–755. [CrossRef]

[138]Valencia, C.A.; Husami, A.; Holle, J.; Johnson, J.A.;
Qian, Y.; Mathur, A.; Wei, C.; Indugula, S.R.; Zou,
F.; Meng, H. Clinical impact and cost-effectiveness
of whole exome sequencing as a diagnostic tool: A
pediatric center’s experience. Front. Pediatr. 2015,
3, 67. [CrossRef] [PubMed]

[139]Bunnik, E.M.; Janssens, A.C.J.; Schermer, M.H. A
tiered-layered-staged model for informed consent in

personal genome testing. Eur. J. Hum. Genet. 2013,
21, 596–601. [CrossRef]

[140] Trinidad, S.B.; Fullerton, S.M.; Bares, J.M.; Jarvik,
G.P.; Larson, E.B.; Burke, W. Informed consent in
genome-scale research: What do prospective partici-
pants think? AJOB Prim. Res. 2012, 3, 3–11. [Cross-
Ref] [PubMed]

[141]Bernhardt, B.A.; Soucier, D.; Hanson, K.; Savage,
M.S.; Jackson, L.; Wapner, R.J. Women’s experi-
ences receiving abnormal prenatal chromosomal mi-
croarray testing results. Genet. Med. 2013, 15, 139–
145. [CrossRef]

[142]Arslan Ateş, E.; Türkyilmaz, A.; Yıldırım, Ö.; Ala-
vanda, C.; Polat, H.; Demir, Ş.; Çebi, A.H.; Geçkinli,
B.B.; Güney, A.İ.; Ata, P. Secondary findings in
622 Turkish clinical exome sequencing data. J. Hum.
Genet. 2021, 66, 1113–1119. [CrossRef]

[143]Horiuchi, Y.; Matsubayashi, H.; Kiyozumi, Y.;
Nishimura, S.; Higashigawa, S.; Kado, N.; Na-
gashima, T.; Mizuguchi, M.; Ohnami, S.; Arai, M.
Disclosure of secondary findings in exome sequenc-
ing of 2480 Japanese cancer patients. Hum. Genet.
2021, 140, 321–331. [CrossRef]

[144]Godino, L.; Varesco, L.; Bruno, W.; Bruzzone, C.;
Battistuzzi, L.; Franiuk, M.; Miccoli, S.; Bertonazzi,
B.; Graziano, C.; Seri, M. Preferences of Italian pa-
tients for return of secondary findings from clinical
genome/exome sequencing. J. Genet. Couns. 2021,
30, 665–675. [CrossRef]

[145] Similuk, M.N.; Yan, J.; Setzer, M.R.; Jamal, L.; Lit-
tel, P.; Lenardo, M.; Su, H.C. Exome sequencing
study in a clinical research setting finds general ac-
ceptance of study returning secondary genomic find-
ings with little decisional conflict. J. Genet. Couns.
2021, 30, 766–773. [CrossRef]

[146]Yu, M.H.C.; Chan, M.C.Y.; Chung, C.C.Y.; Li,
A.W.T.; Yip, C.Y.W.; Mak, C.C.Y.; Chau, J.F.T.; Lee,
M.; Fung, J.L.F.; Tsang, M.H.Y. Actionable pharma-
cogenetic variants in Hong Kong Chinese exome se-
quencing data and projected prescription impact in
the Hong Kong population. PLoS Genet. 2021, 17,
e1009323. [CrossRef] [PubMed]

[147]Van Der Merwe, N.; Ramesar, R.; De Vries, J.
Whole exome sequencing in South Africa: Stake-
holder views on return of individual research results
and incidental findings. Front. Genet. 2022, 13,
864822. [CrossRef] [PubMed]

Taheri, et al.

20

GenoMed Connect

https://scifiniti.com/
https://doi.org/10.1007/s13311-014-0288-8
https://www.ncbi.nlm.nih.gov/pubmed/25052068
https://doi.org/10.1016/j.outlook.2014.08.007
https://www.ncbi.nlm.nih.gov/pubmed/25261386
https://doi.org/10.1001/jama.2014.14665
https://doi.org/10.1002/ajmg.c.31387
https://doi.org/10.1515/labmed-2014-0025
https://doi.org/10.1111/cge.12569
https://doi.org/10.1038/gim.2014.10
https://doi.org/10.1097/CCO.0000000000000078
https://www.ncbi.nlm.nih.gov/pubmed/24709974
https://doi.org/10.1016/j.molonc.2013.04.008
https://doi.org/10.3389/fped.2015.00067
https://www.ncbi.nlm.nih.gov/pubmed/26284228
https://doi.org/10.1038/ejhg.2012.237
https://doi.org/10.1080/21507716.2012.662575
https://doi.org/10.1080/21507716.2012.662575
https://www.ncbi.nlm.nih.gov/pubmed/23493836
https://doi.org/10.1038/gim.2012.113
https://doi.org/10.1038/s10038-021-00936-8
https://doi.org/10.1007/s00439-020-02207-6
https://doi.org/10.1002/jgc4.1350
https://doi.org/10.1002/jgc4.1367
https://doi.org/10.1371/journal.pgen.1009323
https://www.ncbi.nlm.nih.gov/pubmed/33600428
https://doi.org/10.3389/fgene.2022.864822
https://www.ncbi.nlm.nih.gov/pubmed/35754817

	Introduction 
	Materials & Methods 
	Results 
	Concerns 
	Informed Consent 
	Controversial Reports on the Genetic Variant 
	The Penetrance of IFs/SFs Variants 
	Lack of Functional Studies 
	True Positive versus False Positive IFs/SFs 
	Costs 


	Solutions 
	Laboratories, Physicians, and Genetic Counselors’ Decisions 
	Collaborations between Professionals 
	Somatic or Germ-Line Reports 
	Cancer versus Non-Cancer Individuals 
	Pharmacogenomics Approaches 
	Actionable SFs 
	Latest Update of the Guidelines 
	The Function of the Variant (nonsynonymous/frameshift/splicing/stop-gain/stop-loss, etc.) 
	Bioinformatics and Datasets 
	Clinical Characteristics of Patients 
	Educating and Informing the Patients and Personalized opt-in Decisions 
	Population Ethnicities and Backgrounds (Population Stratifications) 
	Cost-Effectiveness and Financial Issues 

	Discussion 
	Conclusions 
	References



