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Abstract: Completion of genetic testing is increasingly important for the complex care of 
patients with suspected hereditary breast and ovarian cancers (HBOC) and their at-risk 
family members. Identification of individuals with pathogenic variants has implications for 
targeted treatment recommendations, risk reduction strategies, increased surveillance recom-
mendations, as well as the genetic testing of family members, known as cascade testing or 
screening. Due to advances in technology and decreasing costs, what was once single-gene 
genetic testing has evolved into large-scale multi-gene panel genomic testing. As germline 
genomic testing for HBOC becomes more and more available, it is important to identify the 
challenges that are associated with its use. In this manuscript, we review the current issues 
faced by germline genomic testing for HBOC which include effectively managing the 
marked increases in genetic referrals, interpreting the vast amount of information yielded 
by newer testing methods such as next generation sequencing (NGS), recognizing the need 
for better cascade screening strategies, potential exacerbation of health disparities and 
improving support for patients navigating the emotional impact related to positive, negative 
and indeterminate testing results. 
Keywords: genetic testing, genomic testing, hereditary breast and ovarian cancer syndrome, 
BRCA, cascade testing, next-generation sequencing

Introduction
The National Comprehensive Cancer Network (NCCN) and organizations such as 
the Society of Gynecologic Oncology (SGO) have published recommendations to 
assist clinicians in the identification of women with hereditary cancer syndromes.1,2 

Hereditary cancers caused by germline pathogenic variants are responsible for up to 
9% of breast cancers3 and up to 20–25% of all ovarian, fallopian tube, and primary 
peritoneal cancer cases.4 There are multiple genes implicated that may increase the 
risk for developing breast and/or ovarian cancer. Guidelines state that patients with 
suspected hereditary breast cancer and all women with epithelial ovarian cancer 
should receive genetic counseling and be offered comprehensive genetic testing. In 
settings with appropriate resources, patients are referred to genetic counselors and 
a comprehensive risk assessment is performed prior to genetic testing.

HBOC is a well-known cancer syndrome where deleterious BRCA variants 
account for up to 80% of the pathogenic variants.5 Additional high-risk genes 
(PALB2, TP53, PTEN)1,6 or moderate-risk genes (ATM, CHEK2)1 are also asso-
ciated with HBOC syndrome. Individuals with HBOC syndrome have an elevated 
lifetime risk of developing ovarian cancer (40% and 18% by age 70 for BRCA1 and 
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BRCA2, respectively) and/or breast cancer (57% and 49% 
by age 70 for BRCA1 and BRCA2, respectively).7,8 

Genetic testing is now commonly recommended at the 
time of cancer diagnosis and has the potential to impact 
treatment-related decisions. For example, current guide-
lines recommend the use of poly ADP-Ribose polymerase 
inhibitors (PARPi) in different treatment strategies for 
patients with BRCA 1/2 associated cancers. Identification 
of pathogenic variant carriers and at-risk individuals may 
ultimately reduce the morbidity and mortality from cancer. 
Genetic testing of at-risk individuals with identification of 
pathogenic variants before a diagnosis of cancer can sig-
nificantly impact the trajectory of disease for individuals 
by affording them the opportunity to consider risk- 
reducing strategies, such as advanced surveillance diag-
nostics, therapeutics, or surgical interventions.

The process starts with a discussion about genetic coun-
seling and testing followed by informed consent. This pro-
cess typically involves the patient, their physician, and 
a genetic counselor.9 Previously documented referral rates 
to genetics for ovarian cancer patients were on the order of 
10–30%.10–12 Several studies from just a few years ago 
found that genetic testing was underutilized with fewer 
than 1 in 5 individuals with a history of breast or ovarian 
cancer meeting NCCN criteria undergoing genetic 
testing.13–16 However, since the mapping of the human 
genome was completed in 2003, medicine has witnessed 
the birth of what is known as precision medicine: an 
approach to disease treatment and prevention that seeks to 
maximize effectiveness by taking into account individual 
variability in genes, environment, and lifestyle.17 Since the 
human genome mapping milestone, the speed and accuracy 
of genetic testing have undergone a revolution thanks to 
technological advances, such as next-generation sequen-
cing, that have made genomic testing faster, more widely 
available and also managed to decrease associated costs. 
Genetic testing previously tested individuals for variants in 
single genes. Modern genetic testing now includes large- 
scale multi-gene panel testing (some panels including up to 
80 genes), that generates large amounts of data and is more 
accurately described as genomic testing.

Completion of genetic and genomic testing is 
a complicated task with multiple barriers described in the 
literature: psychosocial factors, logistical challenges, cost 
implications, poor access to genetic counseling services, 
low provider recommendation, and limited patient health 
literacy regarding genetic information.18–20 The focus of 
this review is to explore the impact of genomic testing on 

patients and patient care models. The challenges asso-
ciated with genomic testing, although much less studied, 
are extremely relevant to the care of cancer patients. With 
more widely available genomic testing, additional obsta-
cles must be considered such as the provision of genetic 
services amidst steeply rising referrals, interpretation of 
complicated data given greater numbers of sequence var-
iants, increasing cascade testing in at-risk family members 
in order to improve patient outcomes, cost effectiveness 
and disease prevention; recognition of the potential for 
worsening of current cancer disparities, coping with the 
psychosocial impact of both positive and negative genetic 
testing results, and understanding that greater awareness of 
genetic testing is prompting even younger patients to pur-
sue testing. As more patients complete genomic testing as 
part of the standard of care, it will become increasingly 
important to understand these issues and how they may 
impact patient care in the age of precision medicine.

Provision of Genetic Services
The Workforce Working Group (WFWG), comprised of US 
professional genetic counseling organizations, determined 
that a shortage of genetic counselors is present and could 
persist until 2030.21 Currently, institutions are faced with 
the challenge of meeting an increased demand for in-person 
genetic services that exceeds availability and will likely 
continue into the near future.22 In an attempt to address 
this gap, several studies have evaluated alternatives to in- 
person genetic counseling services, such as telephone or 
video conferencing. Cancer genetics is unique in that the 
initial consultation and testing can be done via telemedi-
cine, with the saliva sample kit sent to the patient’s home. 
What began as a strategy targeting patients in rural areas or 
for whom travel to the clinic was difficult has evolved into 
a promising strategy for providing genetics services and 
expertise in many clinical situations. In a randomized trial 
comparing tele-genetics to in-person genetic counseling, 
there was no difference in patient satisfaction, but in- 
person sessions had higher attendance.23 Additionally, tele- 
genetics costs averaged $106 per session compared to $244 
for an in-patient session.23 Additional studies assessing the 
acceptability of tele-genetics have concluded that live vir-
tual conferencing is well received by patients and providers 
with the benefit of improved cost effectiveness.24–26 Similar 
to many areas of health care, Coronavirus disease 19 
(COVID-19) impacted genetic services, resulting in an 
acute decrease in genetics referrals. However, it has been 
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postulated that the previously established use of telemedi-
cine in genetics likely mitigated this impact.27

Another strategy to increase access to genetic services 
includes expansion of healthcare providers’ roles. In one 
alternative care delivery program, known as mainstreamed 
genetic testing, additional health care providers take on 
parts of patient care surrounding genetic services. This 
was a collaborative approach by oncologists and geneti-
cists, where specially trained oncologists were responsible 
for patient consenting, testing coordination, and dissemi-
nation of results. Individuals with confirmed pathogenic 
variants or variants of uncertain significance (VUS) were 
then referred for post-test counseling with a genetic 
counselor.28 This method demonstrated success in stream-
lining patient care, provided an overall positive patient 
experience, and demonstrated cost effectiveness.28 

A larger meta-analysis of 13 studies also concluded that 
mainstream pathways were both acceptable and feasible.29

It is clear from these studies that the growth in the 
demand for genetic counseling and genetic testing has 
fostered beneficial innovations in care delivery. Genomic 
testing is also prompting an examination of the act of 
counseling and the process of obtaining informed consent. 
Counseling whether in person or virtually, has been 
a cornerstone in helping patients understand the complex-
ities of genetic testing, but additional disclosures surround-
ing genomic testing are essential. Describing differences in 
the latest test availability and panel testing can be difficult 
due to differing levels of health literacy. Explaining the 
concept of genotype as a component of cancer risk, which 
can be modified by environmental exposures and other 
factors, and not a definitive predictor of health outcome, 
is challenging to say the least.30 Additionally, large panel 
testing and the performance of genome-wide sequencing 
generates large amounts of data with greater chances of 
encountering unanticipated results. The greater the number 
of genes included in a panel, the greater the chance of 
finding genetic variants with unclear medical or cancer 
risk management recommendations.31

Cascade Screening
In the US, HBOC is estimated to affect over 1 million 
individuals.32 Cascade testing or screening, is the testing 
of at-risk biologic relatives of individuals who carry 
a pathogenic variant. The Centers for Disease Control 
and Prevention (CDC) classified Tier 1 genomic applica-
tions for hereditary breast and ovarian cancer syndrome 
(HBOC), Lynch Syndrome (LS), and familial hyper- 

cholesterolemia (FH), thus supporting the clinical use of 
cascade screening specifically for these syndromes. The 
goals of cascade screening are to identify, inform, and 
ideally assist in the surveillance of at-risk relatives found 
to have a pathogenic variant. This is also termed presymp-
tomatic genetic testing. An additional benefit of cascade 
testing is the potential cost-savings associated with single- 
site testing. If a pathogenic mutation is identified in 
a family, further genetic testing of family members only 
requires single-site gene testing for the specific gene muta-
tion, rather than the more expensive testing of an entire 
gene or panel of genes.

Due to the Health Insurance and Portability Act 
(HIPPA) of 1996, healthcare providers are not permitted 
to disclose protected health information to relatives. Thus, 
the process of informing at-risk relatives typically relies on 
the individual patient diagnosed with the pathogenic var-
iant (proband) providing a copy of their test results along 
with written information (“family letter”). Distribution of 
family letters relies on the correct identification of all at- 
risk family members, the ability of the proband to contact 
those family members, and the ability of the at-risk family 
members to understand the information provided to them. 
Rates of uptake for cascade screening have been undoubt-
edly disappointing. Studies estimate that the current rates 
of cascade testing range from 15% to 57% when the 
proband is responsible for contacting their relatives.33

Transfer of information from patient to family mem-
bers is an area in need of improvement. Although some 
studies endorse family letters as an effective method for 
dissemination of information,34 others have shown this 
strategy to be ineffective. One study found that while 
nearly all family members of BRCA positive patients 
would like to have known their risks, only half of these 
individuals were aware of the risks of inherited pathogenic 
variants or knowledgeable about the opportunity to pursue 
cascade testing.35 Additionally, preferences for sharing 
genetic testing results differ between patients and their 
family members. Family members seem to prefer direct 
contact from either a physician or clinic, whereas patients 
(probands) prefer indirect contact methods (ie, family 
letters).36,37 Roberts et al reviewed a spectrum of cascade 
testing methodologies in 122 studies.38 They concluded 
that there were no identifiable strategies to date that have 
optimized cascade testing in hereditary conditions and 
highlighted that genetic disclosure laws vary by state and 
may limit cascade screening initiatives. Roberts et al sug-
gests that a public health approach, such as mandatory 
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reporting of clinically actionable genetic diseases, bidirec-
tional reporting between registries and medical facilities, 
and centralized cascade screening conducted by state 
departments of health, could help facilitate providers’ con-
tacting at-risk relatives.38 Enhancing resources and support 
for patients so they can be better prepared to engage in 
difficult conversations with family members has also been 
suggested as a strategy to improve cascade screening.39 

Finding effective cascade screening strategies is an impor-
tant opportunity for precision medicine to impact indivi-
dual health, population health, and health systems through 
disease prevention and represents an urgent need today.

Next-Generation Sequencing and 
Variants of Unknown Significance
Genetic variants are classified based on the probability that 
the altered DNA sequence is pathogenic.40 The variant clas-
sification system involves classes of benign, likely benign, 
likely pathogenic, and pathogenic.40,41 Assignment of 
a variant to the correct group allows the proper management 
of genetic information. An additional group, the largest 
group with the broadest probability of pathogenicity, is var-
iants of uncertain significance (VUS).40 Increasingly, VUS 
results are being identified by genetic testing due to NGS 
techniques which sequence hundreds of DNA fragments 
simultaneously. Due to the location of these variants in non- 
coding regions or less functionally relevant domains of 
DNA, the impact of VUS on protein function is more difficult 
to ascertain compared to known pathogenic variants.41 The 
American College of Medical Genetics and Genomics 
(ACMG) states that variants of uncertain significance should 
not be used for clinical decision-making.42 This poses 
a conundrum for genetic counselors and clinicians 
when a patient receives a VUS result. At times, this leads 
to a stronger focus on clinical presentation and family history 
while awaiting reclassification of VUS.43 This can also result 
in incorporation of additional evidence such as functional 
assays to reclassify a VUS defined previously.44 Better defin-
ing of VUS result is a current area of investigation, with 
in vitro functional assays, algorithms, and updated disease 
databases all contributing to the goal.41 The question of who 
is responsible for recontacting patients as additional informa-
tion is updated and VUS results become known entities still 
remains unanswered.

As noted, NGS describes a high throughput massive 
parallel sequencing method that enables the rapid sequen-
cing of hundreds of DNA or RNA fragments belonging to 

the human or tumor genome.41,45 This technique allows 
for the analysis of single-gene or multi-gene panels. The 
use of NGS panel testing provides an efficient and cost- 
effective method for completing genomic testing when 
multi-gene testing is indicated. NGS has vastly increased 
the amount of information regarding genetic variants and 
contributed to patient-specific treatment strategies,41,45 

such as the utilization of PARP inhibitors for patients 
with BRCA associated cancers.

Genes on NGS cancer panels may be classified into 3 
groups based on penetrance: high risk, moderate risk and 
low or unknown risk.46 The majority of genetic variants do 
not have specific clinical treatments or risk management 
guidelines.41,47 While the idea of more data would seem to 
correlate with better outcomes, this has not been shown to 
be the case. Identification of mutations in low or unknown 
penetrance genes lack well-established guidelines and 
have been identified as a source of anxiety for many 
patients.31 At times, the sheer quantity of information 
provided by NGS leads to more questions than answers, 
a concept known as the Next-Generation Sequencing 
Paradox:41 the more genes tested in a panel, the greater 
the likelihood of VUS detection and the greater the ambi-
guity of the test results. This is easily demonstrated in 
current clinical testing. The Ambry Genetics Lab currently 
offers a comprehensive 36-gene panel for hereditary can-
cer and cites a VUS detection rate of its multi-gene panels 
at 14% on its website48 compared with single-gene testing 
VUS rate of 2.1% (Myriad Genetics Lab).49 As testing 
becomes more sophisticated and panels include increasing 
numbers of genes, this paradox will continue until more 
data can be obtained on VUS.

The complexity of NGS data interpretation and classi-
fication of variants are real-time challenges for clinical 
use.41 Databases are routinely used to guide geneticists 
and clinicians in interpretation of genetic data. Such data-
bases can be grouped by population, disease, and 
sequence.42 Database use can be challenging due to the 
vast amount of information, possibility of incorrect variant 
classification, and the need for continuous updating of 
classifications as new evidence about existing variants 
becomes available.42 Using genetic data to treat a single 
patient can be problematic, and the ACMG recommends 
against utilizing molecular testing as the sole evidence for 
disease diagnosis. Rather, clinical and genetic information 
should be utilized in combination.42 For example, when 
a variant classified as “likely pathogenic” presents with 
clinical and imaging findings consistent with a specific 
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condition, this provides enough evidence to help guide 
medical decisions. Given the multitude of genetic variants, 
grouping patients for clinical outcomes analysis based on 
a single genetic variant requires larger sample sizes than 
could reasonably be recruited for clinical trial or 
analysis.47 Pooling data on VUS via collaborative data- 
sharing efforts will be essential to the elucidation of VUS 
result in the US and around the world.

Healthcare Disparities
The incidence of cancer and cancer mortality is known to 
vary between ethnic groups. In the US, African Americans 
have higher death rates than all other racial/ethnic groups 
for many cancers.50 For example, despite having similar 
rates of breast cancer, African American women are more 
likely than white women to die of the disease. Similarly, 
African American men are twice as likely as white men to 
die of prostate cancer and continue to have the highest 
prostate cancer mortality among all US population 
groups.50,51 The underlying causes of these findings are 
multifactorial and only beginning to be understood but 
demand that greater efforts be directed towards the rever-
sal of these trends.

Although genetic testing has increased in the US, this 
has not been experienced equally among all racial and 
ethnic groups.52,53 Several studies have reported that 
awareness significantly differs by ethnicity, and more 
white participants were aware of cancer risk than 
Hispanic, African American, or Asian participants.54,55 

Studies found a greater mistrust among racial and ethnic 
minorities regarding how genetic information would be 
used. Lack of confidence in genetic testing results and 
mistrust regarding the utilization of genetic testing results 
have been identified as powerful deterrents to engagement 
in genetic testing for many minority populations.56,57 

Thus, underutilization of genetic testing has been more 
pronounced in racial/ethnic minorities. The lack of aware-
ness, understanding of perceived risk, provider recommen-
dation, and equal access to specialized care are themes that 
have contributed to persistent health disparities in genetic 
services.58 Disproportionate increases in genomic testing 
means that data on underrepresented groups will continue 
to be limited and benefits of genomic testing and treatment 
decisions will not be equally realized among all popula-
tions. Data that does not adequately reflect the racial and 
ethnic diversity in the US limits the generalizability of 
current genetic/genomic research and the subsequent 

guideline recommendations that will result may magnify 
known disparities.

Equal access to genetic testing should be included in 
the modern standard of care for all patients with suspected 
hereditary cancer syndromes. Less available information 
on racial and ethnic minorities translates into less informa-
tion available for all patients and providers about possible 
pathogenic variants.

To overcome the lack of diversity in large-scale geno-
mic data, greater efforts need to be directed toward the 
sharing of clinical and genomic data across health systems, 
academic institutions, and industry partners.

Psychological Effects of Genetic 
Testing
Genetic testing can lead to psychological effects including 
worry, anxiety, depression, and confusion over one’s risk 
of cancer.59 In a review of 21 articles investigating psy-
chological outcomes of pathogenic variant carriers and 
non-carriers, two categories of psychological effects were 
examined: distress and anxiety/depression.60 The majority 
of studies reported increased distress, or negative emo-
tional experience interfering with an individual’s ability 
to cope with life events, among carriers of pathogenic 
variants.60 Pathogenic variant carriers have been observed 
to have higher levels of anxiety and depression when 
compared to nonpathogenic variant carriers. Interestingly, 
some studies indicate the peak in this psychological effect 
seems to return to baseline after 6–12 months,60–62 while 
other studies have had conflicting findings. In 
a prospective study of 464 women who underwent 
BRCA1/2 testing, pathogenic variant carriers reported sig-
nificantly more genetic testing distress persisting five years 
after testing as measured by the Multi-Dimensional 
Assessment of Cancer Risk Assessment (MICRA), an 
instrument specifically designed to measure distress asso-
ciated with a positive BRCA1/2 pathogenic variant result, 
when compared to non-carriers.63

Uninformative test results occur when a patient tests 
negative for pathogenic variants such as BRCA but remain 
at high risk for disease based on family history. Perceived 
stress is reported as greater among BRCA pathogenic var-
iant carriers when compared to those with uninformative 
test results though no differences in clinically significant 
depression among the two groups was noted.63 When 
BRCA carriers underwent risk reducing bilateral salpingo- 
oophorectomy, their perceived risk of cancer appeared to 
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decrease, but unfortunately, this did not correspond to 
a reduction in distress over time.63 Additionally, one 
study identified lower post-testing distress scores among 
individuals who received a positive genetic testing result 
when compared to individuals who did not undergo 
genetic testing at all, but increased distress among patients 
with VUS results.64 Important to note is that racial and 
ethnic minorities not only have higher rates of ambiguous 
VUS results but have greater genetic testing specific dis-
tress regardless of testing outcome.64 Anticipating this 
distress should be an important part of pre-test counseling.

For those patients with a diagnosis of ovarian cancer, 
genetic testing for the purposes of guiding therapies can 
conceivably impact a patient psychologically. PARP inhibi-
tors are currently utilized for frontline maintenance and treat-
ment of recurrence.65 While FDA approved indications for 
PARP inhibitors continue to evolve, patients with deleterious 
BRCA variants and homologous recombination deficiency 
currently have more treatment options. The potential to use 
PARP inhibitors is likely another motivator for patients to 
undergo genetic testing. Thus, awareness of the implications 
that genetic testing results might have on available therapeu-
tic options also likely contributes to patient anxiety.

When and how should at risk individuals be informed 
of their genetic risk is another central theme of research 
surrounding the impact of genetic testing. It is not recom-
mended that young adults under the age of 18 undergo 
cascade screening/presymptomatic testing, and most 
guidelines do not recommend increased surveillance stra-
tegies before age 25. However, increasing numbers of 
individuals are undergoing testing between the ages of 
18–24 and may receive results in the absence of defined 
management strategies. Given the current techniques, they 
also may have a greater chance of receiving ambiguous 
VUS results. These young individuals represent an under-
studied group, but some researchers have begun to identify 
the separate concerns present for young carriers of patho-
genic variants. One study by Werner-Lin et al analyzed 
data from pooled studies which included women aged 
18–24 who had considered or completed genetic 
testing.66 Participants were noted to be very early in the 
process of understanding their family history of cancer, 
which can influence their decision-making. This younger 
cohort also had greater reliance on parents for emotional 
and financial support, accompanied by a greater sense of 
urgency in risk management. They more often either 
intended to pursue or completed risk reducing procedures 
earlier than anticipated, likely related to having coverage 

under parents’ insurance plans and the undesired anticipa-
tion of facing decades of screening.66 Younger age is also 
associated with worse experience scores and MICRA 
scores indicating poorer psychological adaptation to 
results.66 These findings have been confirmed in additional 
studies as well.67 Emphasis on the longitudinal support 
needed by young at-risk individuals as they attempt to 
balance autonomy, genetic knowledge and evolving life 
circumstances is needed in future research.

Discussion
Single-gene genetic testing and today’s modern genomic 
testing have had a significant positive impact on the care of 
patients with hereditary cancer. As genomic testing is likely 
to become an even greater component of patient care in the 
future, it will be important for providers to be mindful of 
emerging concerns associated with genomic testing. Greater 
awareness, availability and sheer data afforded by genomic 
testing have enabled cancer care to take a tremendous leap 
forward41 but this has been accompanied by challenges. 
Testing demands that outpace the current genetic 
resources,21 increased uncertainty for more individuals 
undergoing genomic testing,41,42 disappointing cascade 
screening efforts, risk of widening current health 
disparities,50 and need for greater psychologic support are 
among the many challenges faced by patients, at-risk family 
members and providers. In addition, genomic testing has 
brought a host of philosophical and ethical issues to the 
forefront: how does one truly consent patients for an entire 
panel of genes and all the potential outcomes? Who should 
be responsible for rechecking and updating patients on the 
status of VUS result? How should providers navigate the 
notion of “do no harm” with that of “the duty to warn” when 
it concerns family members of patients with pathogenic 
variants across states with variable legislation? How can 
providers better support those with positive, negative and 
uninformative genetic test results? How can more resources 
be devoted to the longer term needs of those individuals 
diagnosed with pathogenic variants ahead of established 
guidelines? And perhaps most importantly, will there be 
equity and representation to raise the level of care for all 
patients with hereditary cancer regardless of race and ethni-
city? In this review, we have identified several genomic 
testing considerations, but there are surely more to come. 
One additional aspect, out of scope of this review, is deter-
mining the correct place for the now widely available direct- 
to-consumer testing. Direct-to-consumer (DTC) testing is 
a commercial model of genetic testing, marketed directly to 
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consumers without the involvement of genetic counselors or 
healthcare providers. This strategy may seem counterintui-
tive if we consider, as we just have, the incredible complex-
ities of genomic testing that exist even when trained 
professionals are involved, and yet the number of companies 
offering DTC testing is rapidly growing.

Conclusion
Genomic testing for hereditary cancer syndromes is an 
increasingly important adjunct to patient care with 
immense potential that is only beginning to be realized. 
Understanding and addressing current patient, at-risk 
family members and provider concerns regarding genomic 
testing will contribute to improved experiences for all.
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