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It is thirty years since the BRCA1 and BRCA2 genes were discovered and genetic testing for BRCA1 and BRCA2 was introduced.
Despite increasing awareness of the genetic basis of cancer and our evolving knowledge of effective means of prevention,
screening, and treatment for hereditary breast and ovarian cancers, genetic testing is underutilized, and most mutation carriers
remain unidentified. In this commentary, we explore possible reasons for why this might be so. Our focus is on factors that may
influence or deter a patient from pursuing testing, rather than discussing the implications of receiving a positive test result. Issues of
concern include an inadequate number of genetic counselors, restrictive (and conflicting) eligibility criteria for testing, the cost of
the test, health insurance coverage, fear of future insurance discrimination, privacy issues, lack of familiarity with the testing process
in primary care and gaps in both patient and provider knowledge about the impact and the value of testing. We discuss how these
factors may lead to the underutilization of genetic testing in North America and throughout the world and discuss alternative
models of genetic healthcare delivery. We have invited leaders in cancer genetic from around the world to tell us what they think
are the barriers to testing in their host countries.

BJC Reports; https://doi.org/10.1038/s44276-024-00099-x

INTRODUCTION
Breast cancer is the most common solid tumor in women and
there are few means of preventing it other than risk-reducing
surgery [1–3]. Germline genetic testing identifies pathogenic or
likely pathogenic variants (hereafter referred to as mutations) in
over 12 genes that confer a moderate to high risk of breast
cancer [4], which begins in early adulthood. The greatest burden
is attributable to mutations in BRCA1 and BRCA2, which confer
high risks of breast and ovarian cancer. In the United States,
between 5 and 10% of breast cancers are thought to be due to
inherited genetic mutations [4], compared to 28% of ovarian [5],
7% of prostate [4], and 15% of colorectal cancers [6]. Support for
universal germline testing after a breast cancer diagnosis is
growing, however; targeted guidelines miss many patients
[7–11]. About one-third of patients diagnosed with breast
cancer meet guidelines for genetic testing [12–14] at the time
of diagnosis, but many don’t receive it. Katz et al. examined
women aged 20–79 years of age diagnosed with early-stage
breast cancer in 2014–2015 reported to the Georgia and Los
Angeles County SEER registries, surveying them seven months
and six years after diagnosis [15]. Patients were asked about
genetic counseling, testing, and communication with relatives
about results. Seventy-two percent of those that met criteria for
testing at diagnosis (28% of the total group), underwent testing
initially, with 53.3% of the additional 20% that met criteria at a
later time point undergoing testing later. Only 3.4% had direct-
to-consumer testing, suggesting that these tests don’t currently
substitute for clinical testing. There was no difference in the
uptake of testing by race.

Identification of healthy individuals harboring these mutations
allows for early detection and risk-reduction strategies, and in
cancer patients, targeted treatment strategies. Our discussion
focuses primarily on carriers of BRCA1 and BRCA2 mutations
because these are the most studied. In general, testing will
be conducted for a wide range of cancer predisposing
genes (multigene panel testing) but all panels include both
BRCA1 and BRCA2.
Some have argued that all breast cancer patients be tested for

BRCA1 and BRCA2 mutations [16], however, in most jurisdictions,
testing is limited to those considered to be at high risk for carrying
a mutation. Risk factors for carrying a mutation include a personal
or family history of breast cancer (on either the maternal
or paternal side; especially age at onset of 50 years or younger,
triple-negative breast cancer, bilateral breast cancer, or male
breast cancer) pancreatic cancer, ovarian cancer, or metastatic
prostate cancer [10].
The frequency of BRCA mutations varies across populations. In

the United States (US), approximately one in 300 adults carriers a
BRCA1 or BRCA2 mutation [17]. In the Ashkenazi Jewish population
approximately one in 40 individuals carries one of three founder
mutations (two in BRCA1 and one in BRCA2) [18]. Countries with a
high prevalence of founder mutations include Iceland and the
Bahamas [19, 20]. In Poland, the frequency of mutations in the
population is not strikingly high, but approximately 90% of all
mutations are one of four founder mutations in BRCA1, and
genetic testing for these four mutations has a sensitivity in
identifying carriers of approximately 90% [21]. In populations
where founder mutations are over-represented, clinicians may opt
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for tests that include only these mutations, making the test much
less expensive and possibly permitting expanded (or universal)
testing. In Poland all adults are eligible for founder mutation
screening but only those with a personal or family history of
cancer are offered full gene sequencing [21]. One issue that
arises throughout the world is lack of knowledge of one’s
family history.

“Many women have limited information on extended family
members – sometimes related to immigration, sometimes to
taboos in discussing illness. This lack of information can lead to
an erroneous assessment of the familial risk and a missed
opportunity for genetic testing.”

Andrea Superti-Furga,

MD - Professor emeritus of Pediatrics and Genetics, Switzerland

One barrier to genetic testing is that testing criteria and
guidelines are inconsistent, creating confusion for both patients
and providers. The National Comprehensive Cancer Network
(NCCN) has detailed cancer testing and management guidelines
[10], but these may not be practical for developing countries. The
American Society of Breast Surgeons recommends testing all
breast cancer patients [16]. The American Society of Clinical
Oncology and the Society of Surgical Oncology recommend
BRCA1 and BRCA2 testing to all newly diagnosed breast cancer
patients aged 65 years or younger, and for those over 65, based
on personal or family history, ethnicity, or eligibility for PARP
inhibitor therapy [22]. Historically, testing began in the 1990s
shortly after the BRCA1 and BRCA2 genes were discovered. Criteria
for testing were created to restrict testing to those with a relatively
high probability of testing positive, (e.g.10%) due to the lack of
trained personnel and the high cost of testing. The implications of
having a positive test had not yet been established and most
testing was done in academic research centers. Over the past
decade, the cost of testing has declined, results are returned
rapidly as they may be actionable, and this argues for a reanalysis
of testing criteria focusing on simplicity, improving access to
testing, and increasing the number of carriers identified.

WHY TEST?
The utility of testing for BRCA1 and BRCA2 is largely attributable to
finding an actionable mutation; meaning that the discovery will
prompt a change in management. Ideally, a woman with a
mutation will be identified as a carrier before she develops cancer,
but there are also therapeutic benefits of finding a mutation in
those diagnosed with breast, ovarian, pancreatic, or prostate
cancer. To maximize the opportunities for risk reduction, genetic
testing should take place by age 30 [13, 23]. At present, there is
little evidence to consider testing before age 25, the age when
enhanced screening with magnetic resonance imaging (MRI)
would begin [10].
The benefits of finding a BRCA1 or BRCA2 mutation in a healthy

woman largely accrue through intensified screening and through
risk-reducing bilateral salpingo-oophorectomy (RRSO). Previously,
a 76% reduction in all-cause mortality was demonstrated with
RRSO in BRCA-positive women [24]. This was confirmed in a recent
large prospective study [25]. It is important that the fallopian tubes
be removed as these are likely the site of origin of ovarian cancers
[26]. Studies are now underway to determine if salpingectomy
with delayed oophorectomy (thus avoiding premature surgical
menopause) offers the same benefit as pre-menopausal bilateral
salpingo-oophorectomy.
There is evidence that birth control pills reduce the risk of

ovarian (and endometrial; but not peritoneal) cancers, but oral
contraceptives are not seen as an alternative to risk-reducing

salpingo-oophorectomy, as the residual risk for ovarian cancer
would be unacceptable, and screening for ovarian cancer is
suboptimal [27]. Tamoxifen has been shown to be effective in
reducing the risk of primary breast cancer in BRCA2 carriers [28]
and it has been shown to reduce contralateral breast cancer risk
[29]. Very few women with a BRCA1 or BRCA2 mutation choose to
take preventive tamoxifen [28], however, largely due to timing
issues and fear of side effects. Premenopausal carriers (with no
personal history of breast cancer) are advised to undergo risk-
reducing bilateral salpingo-oophorectomy (RRSO) between ages
35 and 45 (per NCCN guidelines) [10] and may take menopausal
hormone therapy (HT) until the time of natural menopause,
precluding the use of tamoxifen until that time.
There is also a benefit to intensified breast screening. Recently,

Lubinski et al. reported a large reduction in breast cancer mortality
in women with BRCA1 mutations after entering an MRI program,
compared to those women who were screened with mammo-
graphy alone or who were not screened at all [30]. In this study, a
similar reduction in mortality for BRCA2 carriers was not seen. In a
separate observational study, BRCA1 carriers who underwent
regular MRI surveillance presented with lower-stage disease and
had higher five-year survival rates compared to those who did not
have MRIs. (94% vs 78%; p= 0.03) [31].
There are also benefits to testing affected women (i.e., women

with breast cancer). In breast cancer patients with a BRCA1 or
BRCA2 mutation, poly-ADP-ribose polymerase (PARP) inhibitors
have been shown to improve survival, both in patients with
metastatic disease [32], and in those with high-risk HER2-negative
disease [33]. Further, preventive salpingo-oophorectomy has been
shown to reduce breast cancer fatality in women with BRCA1,
BRCA2, and CHEK2 mutations [34–36]. This is of particular benefit
for those women who fail to achieve a pathological complete
response after conventional neoadjuvant chemotherapy. Knowl-
edge of germline status can also be important in surgical decision-
making. Patients with BRCA1, BRCA2, PALB2, and CHEK2 mutations
have higher rates of subsequent contralateral disease [37] and
may be candidates for bilateral mastectomy.

MODELS OF GENETIC TESTING
The traditional model
The traditional model of genetic testing involves patients being
initially assessed by their healthcare provider and then being
referred to a genetic counselor. The counselor collects informa-
tion on family history and other risk factors and then determines
whether the subject is eligible for genetic testing. Her risk of
carrying a mutation is estimated based on her age, personal
history, and family history. She discusses the pros and cons of
genetic testing, including possible financial consequences and
psychological sequelae. In some cases, confirmation of pathol-
ogy in relatives is required before testing is offered. If the patient
is willing, the counselor processes the genetic test request for
the reference laboratory. If the patient does not qualify for
testing but wishes to pursue it, one option in some countries
(rarely utilized) is that she may be referred to an out-of-pocket
next-generation direct-to-consumer testing service. In Canada,
this is available through TheScreenProject.ca [38] and in the
United States, there are several commercial laboratories that
offer this service.
In the post-test counseling session, the test result is revealed,

and follow-up recommendations are made. In many centers, the
patient consents to receive results by phone. If the patient has an
abnormal finding, an appointment should follow to further discuss
the implications of the results. Given the current expansion in the
number of women wishing genetic testing, limitations of the
traditional model include a long period between referral and
genetic counseling cappointment and many patients do not
follow through.
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ALTERNATIVE MODELS
Mainstream testing
Mainstream testing refers to testing initiated by the treating
physician and not the genetic counselor. The mainstream approach
developed because there is a scarcity of genetic counselors, long
wait times between referral and appointment, and imminent
therapeutic implications. In cases where universal testing is
recommended (such as in patients with ovarian cancer, triple-
negative breast cancer, or pancreatic cancer) [10], mainstream
testing facilitates the process. In mainstream testing, genetic
counseling referral is generally limited to those with a positive test,
a variant of uncertain significance (VUS), findings that are
inconclusive or that have conflicting interpretations. Mainstreaming
requires non-genetics personnel to provide pre-test information and
informed consent, and initiate follow-up recommendations for those
both with a positive test result and those with a negative result.
In general, mainstreaming has resulted in much higher testing

rates among eligible cancer patients. This approach reduces
disparities in access, is cost-effective, and reduces clinic visits
[39, 40]. In one surgical practice in the United States, 88% of
eligible patients underwent testing [39]. However, mainstreaming
is largely restricted to women who are already affected with breast
or ovarian cancer. Testing is rarely offered to unaffected patients
in the primary care setting.

“In Spain, access to germline testing for cancer susceptibility has
been provided by the Spanish Public Health Service over the last
15 years and is implemented in cancer genetics units, mostly
located within the medical oncology services of some tertiary care
hospitals. In most cases, pre-test assessment and post-test risk
management are carried out by trained medical oncologists and
nurses; there are only a few genetic counselors. Priorities include
training of more genetic counselors and medical consultants and
the use of telemedicine in order to meet growing needs. New
approaches and counseling dynamics are in demand to identify
cancer susceptibility in a timely and more effective manner.”

Teresa Ramon y Cajal MD PhD - Medical Oncology, Hospital
Clinic of Barcelona

Direct-to-consumer testing
Patients with sufficient resources will sometimes seek direct-to-
consumer testing. The consumer pays the laboratory directly for the
test and a blood or saliva sample is shipped directly to the laboratory.
A physician referral is usually not necessary. The patient may be
offered pre-test counseling by the laboratory, but this is optional and
rarely utilized. The test result is reported to the patient. In the event
of a positive test, many companies offer genetic counseling as a part
of the process, or referral to a genetic counselor is advised. The
advantages of direct-to-consumer testing are that there are no
eligibility criteria for testing that must be met, no waiting time, and
convenience. The disadvantages may include cost, variable adher-
ence to laboratory standards, a lack of follow-up (in both patients
who have a positive finding and those who test negative but have
significant family history), and lack of subspecialty patient referral
when indicated. In Canada, multigene panel testing is available to all
adult men and women through the ScreenProject.ca [38].

Founder mutations – Early studies of population screening
introduce technological options
Another approach to testing focuses on identifying patients with
founder mutations, such as the three specific BRCAmutations in the
Ashkenazi community, in whom population-based screening is
feasible and cost-effective. One study examined targeted BRCA1
and BRCA2 population screening among Ashkenazi women using a
web-enabled medical model. The study demonstrated the accep-
tance of a digital portal with risk-adapted medical follow-up and

engagement of primary care providers in results-sharing and
management [41]. In an early Ontario population-based study, a
brochure was provided to Ashkenazi womenwith information about
BRCA, the implications of testing, and risk-management strategies
[42]. More than 92% of women were satisfied with the testing
process, and the uptake of risk-reducing strategies was significant. In
the Szczecin region of Poland, over 500,000 individuals have been
tested for four founder mutations in the BRCA1 gene [21]. A concern
with population-based testing is false reassurance with a negative
test when there is a strong family history.

Panel testing
Clear clinical utility has been demonstrated for BRCA1 and BRCA2
(and possibly PALB2), but testing for moderate penetrance genes is
increasingly being offered. Most patients will opt to have the most
information possible, including the maximum number of genes [43].
Practically, the criteria most predictive of a positive test in a newly
diagnosed breast cancer patient are age at diagnosis under 50 years,
a positive family history and triple-negative breast cancer [44].

Cascade testing
For patients with an identified mutation, the genetic counselor or
healthcare provider helps with contacting relatives to offer
“cascade testing” for the same mutation. In general, the counselor
informs the patient orally and/or in writing about the importance
of testing relatives. The letters provided to the patient (by the
ordering provider) to share with family members can be technical
and difficult to understand, and this likely contributes to poor
uptake of testing. In a recent US survey of previously diagnosed
patients, of those identified with a pathogenic variant, 62.7%
talked to most or all of their first degree relatives about testing
[15]. There is evidence, however, that families may prefer a more
direct approach to informing relatives (i.e. by the ordering
healthcare provider), which could improve the uptake of cascade
testing. In a study from the Bahamas, for example, the uptake of
genetic testing was much higher when the relative was contacted
by the counselor than by the patient herself [20]. In the US and
some other countries, however, the patient’s right to confidenti-
ality supersedes the duty to warn at-risk relatives of genetic
predisposition [45]. In other parts of the world such as the United
Kingdom, variant information may be disclosed without naming
the tested individual or disclosing any clinical information [46].
Barriers to cascade testing are discussed below.

“What’s really unfortunate is the lack of cascade testing in
families with a known genetic issue. Laws prevent practitioners
from contacting family, few patients are willing to talk about
their gene positive status even when cascade testing is free. Why?
Guilt, shame and worry about insurance discrimination.”

Jerry Lanchbury, PhD –Former chief scientific officer, Myriad
genetics

GROUP COUNSELING
Informational group sessions about germline genetics, patterns
of inheritance, red flags for carrier identification, founder
mutations frequency, how testing is performed, and implications
of a positive result for the patient and for their family may also be
offered at the population level. For example, a hereditary cancer
clinic in British Columbia offered large-scale group pre-test
genetic counseling to unaffected patients meeting family history
criteria set forth by the clinic. Eight percent of patients declined
large group counseling in favor of one-on-one counseling. The
group counseling process saved time and was acceptable to
patients, representing another alternative to traditional pre-test
counseling [47].
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BARRIERS TO TESTING
Access to genetic counselors
Pre-test genetic counseling has classically been provided by
licensed Genetic Counselors, who may not always be accessible.
This particularly impacts patients in rural or low-income areas,
however, at present, wait times at many major medical institutions
are also prohibitive. In most European countries and Latin
America, genetic counselors are rare and the information is
provided by nurses and physicians. Task forces and networks are
being established throughout Europe, North America, Australia,
and the Republic of South Africa to attempt to meet the world’s
needs, however, the demand outweighs the supply.

Eligibility
In the United States, the majority of mutation carriers remain
unidentified. Childers et al. estimated that there were approxi-
mately one million eligible breast and ovarian cancer patients in
the US who have yet to undergo testing, and most have never
discussed testing with a healthcare provider [48]. A study by
Beitsch et al. in 2019 reported that the chance of finding a genetic
change among breast cancer patients who did not meet NCCN
guidelines for testing was similar to those who met guidelines; i.e.,
the mutation rate was the same in both arms [7]. Yang et al. in
2018 reported on 4196 Medicare patients consecutively under-
going genetic testing [49]. The rate of pathogenic variants for
patients who met Medicare testing criteria was 10.5% and for
those who did not was 9%. In a racially and ethnically diverse
population studied by Westbrook et al., among women who had a
pathogenic variant in either a gene for hereditary breast or
ovarian cancer or a Lynch Syndrome gene, only 38.5% met the
criteria for genetic testing [50]. The study demonstrated a 2% yield
for participants who did not meet any guidelines.

“In the Czech Republic, genetic testing is fully reimbursed by
public health insurance for those who meet the testing criteria,
based on NCCN guidelines. Genetic testing can only be initiated
by a clinical geneticist, who also provides the follow-up
recommendation based on the test results. Cascade testing is
recommended to relatives at risk and is fully reimbursed, but only
the probands can inform their relatives.

Regarding the barriers to genetic testing access, the capacity of
clinical geneticists is currently more or less adequate, and the
waiting time for the genetic counseling is not a major obstacle.
However, a major problem is the capacity of specialists to provide
follow-up care to individuals at risk. The main issue is still the lack
of awareness among other professionals and the general public.
To some extent, this is due to the complexity of the testing.
Simplification of the testing criteria could significantly improve
the situation. In 2016 all ovarian cancer patient deemed were
eligible for testing and we have now achieved a testing rate of
over 70% of all ovarian cancer patients.”

Jana Soukupova - Institute of Medical Biochemistry and
Laboratory Diagnostics, Charles University, Prague

Cost
At present genetic testing is offered online direct-to-consumer for
all women in Canada and the United States (US) by several
laboratories. The cost of online testing is approximately four
hundred dollars (Canadian) or two hundred fifty dollars (US).
Genetic testing is covered by many health insurance companies in
the United States, but cost remains an issue for the uninsured.
In Canada, high-risk women are offered genetic testing through
the provincial health plan, but they must qualify according to
provincial guidelines, and waiting times often exceed one year. In
Ontario, those who do not qualify for provincial testing are offered

online testing through TheScreenProject.ca [38]. Over the past
decade, in the United States, genetic testing has increased among
insured women but not among the uninsured [51]. Cost remains
an important barrier in many parts of the world.

Access to genetic testing for BRCA1 and BRCA2 mutations is
increasing in Costa Rica. Public health institutions, such as the
Caja Costarricense del Seguro Social (Costa Rican Social Security),
are beginning to include genetic testing as part of their services.
However, testing remains costly and not widely available to the
general population, although some private healthcare providers
offer it. Availability is limited and there is a need for increased
awareness, funding and trained professionals. Efforts are being
made to improve access, but widespread, affordable access to
genetic testing for hereditary breast and ovarian cancer risk
remains an important goal.

Dr. Gustavo A. Gutierrez-Espeleta, Professor of Biology and
Rector, University of Costa Rica

San Jose, Costa Rica

Genetic discrimination
Black race and older age have been associated with decreased
testing rates [52]. Reasons for this likely include structural racism,
lack of awareness amongst both patients and providers about the
importance of genetic testing, health insurance coverage, mistrust
of the medical system in general, and, more specifically, of the
process of evaluating genetic information.

Patient factors
Patients’ knowledge, attitudes, emotions, and beliefs may influence
genetic testing decisions. Anxiety, fear, and uncertainty are barriers
to testing for many women, particularly in developing countries [3].
Furthermore, competing life concerns, transportation issues,
and personal and cultural beliefs can influence testing.
Some patients fear guilt in the context of a positive test result,
and others feel that they may not do anything differently “if they
knew,” not realizing the high risk of ovarian cancer with BRCA
mutations [53] and the opportunities for breast cancer risk-
reduction or early detection.

“In addition, in many cultures, cancer, much less an inherited
form, may be viewed as a stigma for the family”

Jerry Lanchbury, PhD – former chief scientific officer, Myriad
Genetics

Historically, underserved populations have lower rates of
genetic testing. A recent study at an Urban Safety-Net hospital
examined genetic testing rates among those meeting NCCN
criteria for testing [54]. Of the 637 patients included, 40%
underwent genetic testing. Variables associated with uptake
included female sex, Spanish language, family history of cancer,
and referral for genetic testing. Black patients had a significantly
lower uptake of genetic testing.
Another study in an urban academic medical center examined

associations between sociodemographic factors, clinical factors, and
genetic counseling and testing [55]. 510 women were referred for
genetic counseling andmost made appointments. More than half of
these were White and employed. 268/425 patients kept their
appointments. Being married and having insurance increased the
likelihood of attending the counseling visit.
In a North London Ashkenazi population offered BRCA testing

[56], 88% opted to take the test. Being married or cohabitating had
four-fold higher odds for BRCA testing uptake (P= 0.009.) as did
having children (p= 0.005). Reducing uncertainty and reassurance
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were the most important factors contributing to decision-making,
but concerns regarding risks, confidentiality, insurance, emotional
impact, inability to prevent cancer, and stigmawere also significantly
associated with decreased uptake of testing.

Provider factors
The physician’s recommendation is important in guiding a patient’s
decision to undergo genetic testing. However, providers often lack
the time and confidence to discuss hereditary cancer predisposition
(or options for risk management) or may focus on other acute health
issues. Assessment of family history is not routine and referrals to
genetic counseling are inconsistent. In one study conducted at a
major academic institution, fewer than 25% of primary healthcare
providers had ever referred a patient to genetics [9, 57]., Genetic
testing needs to be simplified for the primary care provider. The
complicated testing guidelines, long wait times, and competing
health issues often preclude the opportunity for the busy primary
care provider to initiate the process.

“KNOWLEDGE IS POWER. We need to help the busy primary care
physicians by automating referrals for conditions where counsel-
ing would always be recommended, such as ovarian cancer and
triple negative breast cancer. With alternative models of pre-test
counseling, consistent messaging must be responsibly conveyed.
AI will help with that and much more”

Charis Eng MD, PhD – Chairwoman, Genomic Medicine
Institute Cleveland Clinic

“This is a first-world problem as well as a developing-world
problem. We realize the clinical utility and have the resources, yet
many even here in the US do not get tested. A provider’s views on
testing strongly influences patient choice, and providers are often
focused on the problems at hand, not a possible problem”

Mark Robson MD – Breast oncologist and clinical geneticist,
Memorial Sloan Kettering Cancer Center

Studies have demonstrated provider knowledge gaps in
discussing hereditary cancer risks, choosing the appropriate
genetic tests, interpreting results, and communicating this
information. Further, many primary care physicians lack a multi-
disciplinary infrastructure to care for identified patients.

“Typically, primary care providers won’t order a test that they
don’t understand or don’t know how to act on or explain. Many
PCPs think that they know about genetics, but really are quite
naïve when it comes to low penetrance variants, VUS and level of
actionable risk”

Jennifer Preiss, MD – Internist, Allegheny Health Network

Insurance concerns
Consumers considering participation in genetic research or
seeking genetic tests for personal health concerns often harbor
fears about privacy and insurer misuse of information. On May 21,
2008, The Genetic Information Nondiscrimination Act (GINA) was
signed into law in the United States aiming to prevent
discrimination in the workplace and with health insurance based
on genetic information [58]. It has reassured many regarding legal
safeguards, and individual states often offer additional protection.

Cascade testing
Cascade testing of at-risk relatives represents a critical unmet need
and is often thwarted by suboptimal communication within a
family. This is possibly our greatest opportunity for improvement
in carrier identification as family members of affected carriers have

the highest pretest probability of receiving an actionable result
(either positive or negative) of any group.
In the UK, Dheensa et al. [59] discuss the implications of giving

patients “family letters” to alert relatives of their risk. They
conclude that dissemination of information through this channel
represents an uncontrolled form of communication, and may not
be sufficient. They suggest using alternative and supplementary
methods of communication, for example through using digital
tools, and they propose direct contact by the health care
professional which might be more effective. In a study from the
Bahamas [20], we compared the uptake of the two approaches.
We offered genetic testing to 202 first-degree relatives of 58
mutation carriers. Of the 159 women who were contacted by the
proband or other family members, only 14 made an appointment
for genetic testing (9%). In contrast, among 32 relatives who were
contacted directly by the genetic counselor, 27 came for an
appointment (84%). In a small study from Sweden [60], at-risk
relatives indicated that they would prefer if they were notified by
a family member before receiving the letter but agreed that hat
notifying at-risk relatives was appropriate. However, privacy
regulations in this regard vary from country to country In
the UK, the health professional’s duty of confidentiality is not
absolute and is balanced by a duty of disclosure under certain
circumstances.
A US study examined the impact of the proband’s indication for

genetic testing on the uptake of cascade testing among relatives
[61]. Cascade testing due to a positive result in a hereditary cancer
syndrome gene was more commonly pursued when the proband
was White, female, had a personal history of cancer, or when the
gene predisposed to a CDC Tier 1 condition. The Centers for
Disease Control and Prevention has designated several conditions
as Tier 1 genomic applications because they have strong evidence
of pathogenicity. Hereditary breast and ovarian cancer syndrome
and Lynch syndrome are two examples of CDC Tier 1 conditions.

Risk management following testing
Another barrier to testing is the lack of a multidisciplinary
infrastructure to manage identified carriers. Ideally, providers need
access to high-quality contrast-enhanced full-sequence MRI, and
the availability of experienced oncologic breast surgeons and
reconstructive plastic surgeons. In some parts of the world, cost
and/or access may preclude the uptake of advanced risk
management strategies such as MRI screening, risk-reducing
surgeries, and PARP inhibitors.

“In South Africa, as in the African continent at large, science has
outrun the population. We need Africa-orientated innovative
strategies to educate and test based on “Africa-time”. People
need time to listen and comprehend and do not want to be
rushed into life-changing decisions. By conducting genetic
testing and counseling in parallel in rural communities, we can
make a fundamental change on ground level. However, there is
a lack of multidisciplinary teams consisting of geneticists,
surgeons, radiologists and psychologists. Operating time is
limited for unaffected women, limiting risk-reducing surgeries.
Novel treatments such as PARP inhibitors are not available and
oncofertility services are lacking.”

Nerina Van Der Merwe Ph.D- Senior Specialist Scientist: Human
Genetics- Bloemfontein South Africa

STRATEGIES FOR IMPROVED UPTAKE OF GERMLINE TESTING
Kurian et al. reported an increase in genetic testing between 2013
and 2019 in the US, however significant disparities remain by age,
race, and insurance coverage [62]. Alternative models for pre-test
counseling include digital portals and mailed brochures as have
been used for population-based Ashkenazi counseling, testing,
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and follow-up [41, 42]. Other alternate care models include
“mainstreaming,” telehealth, educational videos, computerized
decision-support tools, and the use of genetic counseling
extenders, embedded genetic counselors, and artificial intelli-
gence. Social media can also influence a patient’s awareness and
acceptance of genetic testing.
In a meta-analysis exploring the uptake of genetic testing for

the universal indication of ovarian cancer, different modes of pre-
test counseling were studied [63]. Telehealth resulted in 75% of
eligible patients undergoing testing. Embedding a genetic
counselor results in improved testing rates but is impractical in
most settings. Electronic Health Record-created reminders for
referral to genetics or automatically generated referrals where a
provider needs to merely approve the order for consultation can
be produced in disease processes where universal testing is
recommended such as serous ovarian cancer, male breast cancer,
pancreatic cancer, or triple-negative breast cancer. This both
guides and streamlines the process for referring providers.
Patients often prefer these technological innovations over an

appointment with a genetic counselor. Pal et al. showed that a 12-
minute web-based video could significantly increase genetic
knowledge among a population of young Black breast cancer
patients [64]. In the Genetic Education, Risk Assessment and Testing
(GENERATE) study, two remote healthcare delivery models (tele-
medicine with online genetic information and online genetic
information only) were studied in families with pancreatic cancer.
Notably, the group receiving telehealth counseling in addition to the
online information was less likely to test as compared to the
information-only arm [65]. An educational video was compared to
traditional in-person genetic counselor visits for patients with
metastatic prostate cancer and yielded high genetic testing uptake
without significant differences in measures of genetics knowledge
and family communication [66]. Chatbots, artificial-intelligence-
based computer programs that communicate with people by
simulating human emotional and social dialog, offer broader access
while maintaining a high level of standardization and quality. One
study showed that the use of chatbots was effective in commu-
nicating information with excellent acceptance by the patients [67].
Computer-based clinical decision-support tools with standardized
messaging and updated guideline incorporation will likely assist the
primary care provider with pre-test counseling and clinical manage-
ment. An obvious issue with the use of artificial intelligence is that it
will not provide empathetic responses and cannot offer complex
psychological support.

“Artificial intelligence is the answer to carrier identification –
natural language mining of the EHR could identify patients
appropriate for testing, and through training a dataset, could
potentially enhance current models to improve identification of
high-risk patients. It could automatically place pended orders on
appropriate patients, gather Clinvar information on VUS
annually, standardize templates and aid in professional educa-
tion by providing updates on guidelines, etc…”

Rifaat Rawashdeh MS, LCGC – Genetic Counselor Abu Dhabi

We must educate more providers who are experienced in
clinical cancer genetics and post-test management. There is also
an urgent need to educate women’s healthcare providers in
genetics and genomics, beginning in medical schools and primary
care residency programs. Professional societies such as the
American Society of Clinical Oncology (ASCO) provide educational
resources for providers. Podcasts have been produced. Meiser
et al. reported that an online training course effectively increased
genetic literacy and communication skills in oncology providers
discussing genetic testing with cancer patients [68]. Another web-
based intervention generating risk estimates using breast cancer
risk models and providing high-risk screening recommendations

showed improvement in the clinician knowledge base [69]. Efforts
to improve public awareness to empower at-risk patients to
inquire about genetic testing are also needed.
Finally, the choice of genes to be tested may be different in

different settings. A recent meta-analysis was recently performed for
three large population-based case-control studies (CARRIERS,
BRIDGES and the UK Biobank) to quantify the frequency of
pathogenic variants in unselected “population-type” breast cancer
genes and their association with breast cancer risk and its subtypes.
The frequency of BRCA1, BRCA2 and PALB2 were significant for ER−
disease; for ER+ disease, CHEK2 and ATM were strongly associated
with breast cancer. This may help to inform the appropriate gene set
as we continue to expand germline testing to more unselected
population-based breast cancer cases [70].
All models of pre-test counseling must provide consistent

messaging, and attention to patient knowledge and satisfaction.
Understanding attitudes, perceptions, and beliefs among various
racial and ethnic groups is also important for culturally appro-
priate cancer communication [71]. Remote forms of testing enable
broad geographic coverage.

INTERNATIONAL PERSPECTIVES
In many low- and middle-income countries, genetic testing for
cancer susceptibility has not yet evolved. Limited resources will
require careful priority planning (identification of individuals most
likely to harbor mutations, screening for founder mutations, etc.),
and focus on those interventions shown to improve survival
including risk-reducing salpingo-oophorectomy and MRI screening.

“In Mexico, access to genetic cancer risk assessment is limited due
to barriers including insufficient specialists in genetic counseling,
suboptimal awareness among physicians regarding recommen-
dations for referral to genetic cancer services, as well as restrictive
out-of-pocket expenses resulting from lacking coverage of genetic
testing, surveillance studies, and risk-reducing surgeries by public
and private insurance policies. Financial reasons and commu-
nication challenges also hinder cascade testing which is a a
crucial component of risk reduction and early diagnosis among
carriers’ at-risk relatives [72].

Cynthia Villarreal-Garza MD DSc- Breast oncologist and
researcher, Hospital Zambrano Hellion Monterrey, Mexico

Let’s talk simple economics, genetic testing in the third world is cost
prohibitive. For profit next-generation direct-to-consumer genetic
testing, via a middle provider, is the most common form of genetic
testing in third world countries. The middle provider sends the
sample via courier to a first world country for processing and this
adds an additional cost. This higher cost for genetic testing in third
world countries also precludes cascade testing. In Jamaica, genetic
testing is not covered by the insurance companies and cost
approximately seven to nine hundred dollars (US). In some cases,
this reflects more than a several fold increase in cost compared to
first world countries “

Patrick Roberts MD, Surgical oncologist, University of the West
Indies, Mona, Jamaica

CONCLUSION
Identification of patients with germline mutations in cancer
susceptibility genes has substantial implications for cancer
prevention, early detection, and treatment. Genetic testing is
underutilized worldwide for a multitude of reasons ranging from
patient and provider knowledge and attitudes, time constraints
in primary care, cost, lack of access to subspecialty genetics
consultations, and lack of Information Technology (IT) and post-
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identification multidisciplinary management infrastructure. All are
required to improve patient and provider awareness and to field
the increasing demands as we broaden testing criteria.
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