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REVIEW ARTICLE

Disparities in germline testing among racial minorities with
prostate cancer
Nicole Weise1, Justin Shaya1, Juan Javier-Desloges1, Heather H. Cheng 2,3, Lisa Madlensky1 and Rana R. McKay 1✉

© The Author(s), under exclusive licence to Springer Nature Limited 2021

Germline testing is becoming increasingly relevant in prostate cancer (PCa) screening, prognosis, and management. A subset of
patients with PCa harbor pathogenic/likely pathogenic variants (P/LPVs) in genes mediating DNA-repair processes, and these P/
LPVs have implications for cancer screening, treatment, and cascade testing. As a result, it is recommended that all men with high-
risk localized and metastatic PCa undergo routine germline testing. As more PCa patients undergo germline testing, it is important
that clinicians and genetics experts recognize current disparities in germline testing rates among racial/ethnic minorities in the
United States. The reasons for these disparities are multiple and require similarly manifold consideration to close the germline
testing gap and reduce inequities in PCa screening, management, and treatment.

Prostate Cancer and Prostatic Diseases (2022) 25:403–410; https://doi.org/10.1038/s41391-021-00469-3

INTRODUCTION
Prostate cancer (PCa) is the most common cancer among men
and one of the leading causes of deaths worldwide [1]. In 2021, it
is estimated that 248,530 men in the United States (US) will be
diagnosed with PCa and 34,130 individuals will die secondary to
this disease [2]. While age, race/ethnicity, and family history are
established risk factors for PCa, it is now recognized that a
proportion of PCa susceptibility is attributed to genetic predis-
position. Advances in molecular sequencing technologies have
identified several PCa susceptibility genes, many related to known
hereditary cancer syndromes, including hereditary breast and
ovarian cancer (HBOC) syndrome (BRCA1, BRCA2, ATM, CHEK2, and
PALB2) and Lynch syndrome (MLH1, MSH2, MSH6, and PMS2) [3]. As
a result of these findings, recommendations for germline testing
based on clinical features and family history have expanded. The
identification of pathogenic/likely pathogenic variants (P/LPVs) in
PCa predisposition genes may help inform cancer screening
strategies for patients and family members, treatment options in
the metastatic setting, and clinical trial enrollment.
As germline testing becomes more clinically relevant and

widely available, it is important to recognize the risk of
exacerbating health disparities among racial/ethnic minorities
with PCa and develop systematic strategies to bridge disparities in
germline testing. Reasons for these disparities are multifaceted
and include patient, clinician, and system factors. Additionally,
current PCa clinical trials and genetic studies do not reflect the
diverse populations of individuals at-risk or suffering from this
disease. In this review, we discuss the indications for germline
testing in men with PCa, barriers to germline testing in diverse
populations, and potential strategies to bridge the disparities gap
with the expansion of germline testing for men with PCa.

DISPARITIES IN OUTCOMES OF MEN WITH PCA
There are documented disparities in the incidence, treatment, and
mortality of PCa between Black and non-Black men [2, 4–6].
Notably, Black men are diagnosed with PCa at nearly twice the
rate of non-Hispanic white (NHW) men [2], and Black men with
local/regional PCa have been found to be less likely to receive
treatment with curative intent than NHW men [7]. Further, the PCa
mortality rate is twice as high in Black men compared to NHW
men [2]. The National Cancer Institute estimates that Black men
have a 4.72% lifetime risk of dying of PCa compared to a 2.86%
risk among NHW men [5]. Although biological differences may
account for a portion of the disparity in overall PCa survival, it has
been suggested that improved access to care, including screening,
follow-up, and therapy may be effective in reducing this disparity
[8]. It is important to note that one limitation of studies of PCa
incidence and mortality is that most data on Black men does not
stratify them by country/region of origin—Black men are not a
homogenous group and there may be differences in PCa
incidence and mortality for Caribbean, African, and African-
American men [9].
Similarly, despite the genetic and cultural diversity of Hispanic

men in the US, individual subgroups are typically combined.
Notably, significant heterogeneity has been observed among
Hispanic men with PCa [10]. Overall, PCa occurs less often in
Hispanic men than in NHW men [1]. However, Mexican-American
men have been found to have more advanced stage PCa at
diagnosis [11] and are significantly more likely to have aggressive
PCa following radical prostatectomy [12]. While prostate cancer-
specific mortality (PCSM) is comparable between Hispanic and
NHW men, Puerto Rican men have been shown to have
significantly higher PCSM than NHW men, Black men, and all
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other Hispanic subgroups [10]. Ultimately, the dearth of PCa
studies examining individual Hispanic subgroups makes it difficult
to compare them to NHW men.
Despite these documented disparities, African-American/

Canadian, Asian/Pacific Islander, and Hispanic populations are
typically underrepresented in germline testing, clinical trials
(Table 1), and study cohorts [13]. One study analyzed 72 global
phase III and IV prevention, screening, and treatment PCa
clinical trials between 1987 and 2016: 59 trials reported race/
ethnicity data, and 96% of patients enrolled in these studies
were NHW men. African and Caribbean medical centers were
particularly underrepresented in these trials [14]. Concordant
studies have shown that the majority of PCa patients receiving
germline testing are NHW men [15, 16], with as high as 95%
being English-speaking men [16]. Underrepresentation of
racial/ethnic minorities in germline testing is not unique to
PCa and exists among patients with various other malignancies
[17–19].
Racial/ethnic minority populations in the US are expected to

grow rapidly over the coming decades, underscoring the need to
address and resolve these disparities. It is projected that by 2045,
NHW people will make up <50% of the total US population. While
NHW populations are expected to decline, all other racial/ethnic
minority populations are expected to grow: in particular, Hispanic
populations are the fastest growing demographic and are
expected to comprise 24.6% of the US population in 2045, up
from 18.7% in 2020 [20].

GENOMICS OF NON-WHITE MEN WITH PCA
P/LPVs have been found to be prevalent in men with PCa. A
2016 multi-institutional study found that the incidence of
germline mutations in genes mediating DNA-repair processes
(including but not limited to BRCA2, ATM, CHEK2, BRCA1,

RAD51D, and PALB2) among 692 men with metastatic PCa was
11.8% [3]. For patients with localized disease, the prevalence of
P/LPVs ranged from 2 to 6%, with increased prevalence in men
with higher Gleason scores and higher-risk PCa. Notably, 576
(83%) of the men in this study were NHW men. Additionally, a
2021 study found that 9.5% of PCa patients with high-risk
localized disease had P/LPVs, most frequently in BRCA2 and
ATM [21].
In order to better understand the genomic landscape of racial/

ethnic minorities, there is a need to more extensively examine P/
LPV rates in non-white men with PCa. More recent studies have
found that the prevalence of P/LPVs varies across racial/ethnic
groups. When compared to NHW men, Hispanic men with PCa
have been found to have similar rates of P/LPVs in the ATM, BRCA1,
and BRCA2 genes [22], while Black men with PCa have been found
more likely to have a P/LPV in the BRCA1 gene than their NHW
counterparts [23]. Among patients with metastatic PCa, mutations
in DNA-repair genes have been found to occur more often in Black
men than in NHW men [24]. However, these studies were limited
by small sample size.
The lack of diversity in germline testing cohorts is thought to

be a contributor to higher rates of variants of uncertain
significance (VUS) in racial/ethnic minorities [15, 25]. Notably,
African-American, Hispanic, and Asian/Pacific Islander PCa
patients have been found to be more likely to have a VUS
than those with European ancestry [23, 26]. In one study of PCa
patients referred to Color Genomics for germline testing, VUS
rates in HBOC and Lynch syndrome genes were 21% in NHW
men, while 26.6% and 33.3% in African-American/Canadian and
Asian/Pacific Islander men, respectively [15]. Increasing the
proportion of underrepresented groups in germline testing
cohorts is predicted to result in the reclassification of VUS,
which will assist in cancer risk stratification and targeted
therapy strategies [15].

Table 1. Representation of diverse racial/ethnic groups in prostate cancer clinical trials involving germline testing.

Trial Race Ethnicity (Hispanic or Latino)

N White Black Asian Other/Unknown No Yes Unknown

Metastatic Hormone Sensitive Prostate Cancer

CHAARTED—Docetaxel [72] 790 674 76 NR 40 NR NR NR

STAMPEDE—Docetaxel [73] 2962 NR NR NR NR NR NR NR

LATITUDE—Abiraterone [74] 1199 NR NR NR NR NR NR NR

STAMPEDE—Abiraterone [75] 1917 NR NR NR NR NR NR NR

TITAN—Apalutamide [76] 1052 719 19 229 85 NR NR NR

ARCHES—Enzalutamide [77] 1150 926 16 155 53 NR NR NR

ENZAMET—Enzalutamide [78] 1125 NR NR NR NR NR NR NR

MCRPC

TAX 327—Docetaxel [79] 1006 NR NR NR NR NR NR NR

TROPIC—Cabazitaxel [80] 755 631 40 58 26 NR NR NR

IMPACT—Sipuleucel-T [81] 512 461 30 NR 21 NR NR NR

ALSYMPCA—Radium-223 [82] 921 865 NR NR NR NR NR NR

COU-AA-301—Abiraterone post-chemo [83] 1195 NR NR NR NR NR NR NR

COU-AA-302—Abiraterone pre-chemo [84] 1088 NR NR NR NR NR NR NR

AFFIRM—Enzalutamide post-chemo [85] 1199 NR NR NR NR NR NR NR

PREVAIL—Enzalutamide pre-chemo [86] 1717 1324 34 167 192 1527 38 152

NMCRPC

SPARTAN—Apalutamide [87] 1200 800 68 140 192 NR NR NR

PROSPER—Enzalutamide [88] 1401 NR NR NR NR NR NR NR

ARAMIS—Darolutamide [89] 1509 NR NR NR NR NR NR NR

MCRPC metastatic castration-resistant prostate cancer, NMCRPC non-metastatic castration-resistant prostate cancer, NR not reported.
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INDICATIONS FOR GERMLINE TESTING AND IMPLICATIONS OF
TESTING RESULTS
Recent studies on the incidence of P/LPVs among men with PCa have
resulted in updated guidance regarding which patients should
receive germline testing. The most recent iteration of the National
Comprehensive Cancer Network guidelines for PCa recommends
germline testing for all men with high-risk localized and metastatic
PCa, Ashkenazi Jewish ancestry, a family history of high-risk germline
mutations, or a positive family history of cancer [27, 28]. Given
emerging data on the association between intraductal/cribriform and
ductal histologies and P/LPVs, testing is considered for men with
these histologic subtypes [28]. Other professional societies and expert
panels have also provided recommendations for germline testing for
men with PCa, largely based on evidence synthesis, consensus
agreement, and expert opinion (Table 2).
Expanding germline testing uptake may help clinicians predict

outcomes in men with PCa by detecting ethnicity-dependent
biomarkers and mutations that drive aggressive tumor biology
[29]. Germline mutations in DNA-repair genes, particularly BRCA1/2
and ATM, are associated with aggressive PCa and significantly
shorter survival time: mutation carriers have been found to have a
higher proportion of Gleason Score ≥7 (71%) than noncarriers
(31%) and mutation frequency has been found to be significantly
higher in patients that have died of PCa than in localized PCa
patients [30].
Germline testing also has implications regarding candidacy of

select treatments, including platinum chemotherapy, poly(ADP-
ribose) polymerase (PARP) inhibitors, and checkpoint inhibition for
patients with metastatic castration-resistant prostate cancer

(mCRPC) [31]. In 2020, the PARP inhibitor Olaparib was FDA
approved for the treatment of adult patients with deleterious/
suspected deleterious germline or somatic homologous recombi-
nation repair (HRR) gene-mutated mCRPC who have progressed
following prior treatment with enzalutamide or abiraterone.
Olaparib is FDA approved for a panel of 14 genes, including
BRCA1/2. Of the patients in the PROfound trial, 69% were white,
29% were Asian, and 1% were Black [32]. Another therapy,
Rucaparib, was FDA approved in 2020 for the treatment of adult
patients with a deleterious BRCA1/2 mutation (germline and/or
somatic)-associated mCRPC who have been treated with andro-
gen receptor-directed therapy and a taxane-based chemotherapy.
For the 115 patients enrolled in the TRITON2 study, the majority
were white (73%) and 10% were Black; other racial/ethnic groups
were not specified [33]. Pembrolizumab has also been FDA
approved for patients with refractory metastatic cancers with MSI-
high or MMR deficiency (dMMR) status based on tumor
assessment that had progressed following prior treatments [34].
Pembrolizumab has shown antitumor activity with an acceptable
safety profile in an unselected subset of patients with mCRPC [35].
Another indication for germline testing is cascade testing,

which refers to germline testing among relatives of patients with
cancer-associated P/LPVs; it has historically had decreased uptake
in the community at around 30% or less. Being a PCa patient with
a germline P/LPV in a DNA-repair gene has been associated with
having a first degree relative with breast or ovarian cancer [36].
Therefore, increased germline testing among PCa patients may
result in increased cascade testing for family members and
subsequent breast and ovarian cancer risk mitigation.

Table 2. Guidelines on germline testing in prostate cancer.

Source Regional (N1)/
metastatic
prostate cancer

NCCN very high and high-risk localized
prostate cancer

NCCN intermediate/low/very low risk
localized prostate cancer

National Comprehensive
Cancer Network Version
1.2022 [27, 28]

Recommend Recommend Recommend if a family history of:
• Ashkenazi Jewish ancestry
• High-risk germline mutations (e.g.,
BRCA1/2, Lynch mutation)

• PCa in brother/father/multiple family
members diagnosed with PCa (not
GG1) at <60 years of age or who died
from PCa

• ≥3 cancers on same side of family,
especially diagnoses ≤50 years of age:
bile duct, breast, colorectal,
endometrial, gastric, kidney,
melanoma, ovarian, pancreatic,
prostate (not GG1), small bowel, or
urothelial cancer

Consider for:
Intraductal/cribriform histology

Philadelphia Prostate Cancer
Consensus Meeting
Publication 2019 [90]

Recommend • Consider for T3a or higher.
• Consider for intraductal/ductal pathology.
• Consider for Gleason 4 (Gleason 8 sum) or above.
• Consider for Ashkenazi Jewish ancestry.
• Consider for family history of two or more cancers in HBOC/Lynch spectrum in any
relatives on the same side of the family (especially if diagnosed at age <50 years).

• Recommend for family history of one brother/father/two or more male relatives with
one of the following:

• PCa at age <60 years
• Died of PCa.
• Metastatic PCa.

AUA/ASTRO/SUO 2017 and
2021 [91–93]

Recommend Recommend if a strong family history of
specific cancers (e.g., breast, ovarian,
pancreatic, other gastrointestinal tumors,
and lymphoma).

Not recommended

PCa Prostate Cancer, HBOC Hereditary Breast and Ovarian Cancer Syndrome, NCCN National Comprehensive Network, AUA American Urological Association,
ASTRO American Society of Radiation Oncology, SUO Society of Urologic Oncology, GG Grade Group.
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REASONS FOR THE DISPARITIES IN GERMLINE TESTING
AMONG RACIAL/ETHNIC MINORITIES WITH PCA AND
POTENTIAL STRATEGIES TO BRIDGE THE GAP
Although germline testing is now routinely recommended for
high-risk localized, locally advanced, and metastatic PCa patients,
there is a disparity in the proportion of white vs. non-white PCa
patients receiving germline testing [15, 16, 26]. We propose
several reasons and potential solutions for this disparity, including
the (1) nationwide shortage of genetic counselors to facilitate
germline testing within current genetic counseling models, (2)
differences in access to quality healthcare between white and
non-white patients, (3) healthcare system mistrust among non-
white men leading to unfavorable attitudes towards research and
reluctance to seek care, (4) lack of knowledge or education about
germline testing, (5) prohibitive cost of germline testing, and (6)
understudied link between PCa and breast/ovarian cancer
(Table 3).

Challenge and solution: shortage of genetic counselors and
limitations of current genetic counseling models
Certified Genetic Counselors (CGCs) and physicians work coopera-
tively to facilitate germline testing and provide counseling, risk
assessment, and result interpretation to PCa patients. The short-
age of clinical cancer CGCs engaged in direct patient care creates
an unmet need for genetic services that disproportionately affects
socioeconomically disadvantaged, rural, and racial/ethnic minority
patients. As the demand for germline testing grows, CGC
workforce growth limitations will need to be addressed. One
such limitation is clinical training capacity. Proposed solutions
include novel clinical training techniques, such as nonclinical or
extra-disciplinary training placements, rural clinical placements,
peer supervision/assisted learning, role-emerging placements,
clinical audit, and patient simulation. Perhaps most important is
the need to recruit, train, and retain clinical supervisors by
providing dedicated support personnel and professional devel-
opment opportunities [37].
In addition to a nationwide shortage of CGCs engaged in direct

patient care, existing genetic counseling models are becoming
increasingly inadequate given the number of PCa patients referred
for germline testing. The current time-intensive model of
assessing family histories for genetic risk, providing pretest and
posttest counseling, ordering appropriate testing, and interpreting
test results over multiple in-person sessions is increasingly less
feasible. Increased genetic literacy among medical oncologists,

urologists, and radiation oncologists, including knowledge of
patient risk factors and family history, genetics and genetic
conditions, and available genetic services, may alleviate bottle-
necks at the genetic counseling level [38].
Modifications to existing workflows within oncology practices

may expand genetic resources for patients. Automating the risk
assessment would be one such modification, whereby patient-
completed family history questionnaires facilitate referral and
testing processes: automated electronic medical record features
can trigger genetic counseling referrals or alert clinical teams to
patients with elevated cancer risks or who meet guidelines for
germline testing. This would allow CGCs to prioritize posttest
visits, especially those involving complex counseling or abnormal
results [39]. Other practical strategies focus on increasing CGC
efficiency and patient volumes, including group genetic counsel-
ing sessions. Additionally, establishing support roles, such as
genetic counseling assistants, can alleviate administrative burdens
[8]. Likewise, patient advocates and language interpreters in the
genetic counseling setting can provide resources and translation
services for non-English-speaking patients, which would further
alleviate burdens on monolingual English-speaking CGCs and
reduce patient miscommunication.
Rural patients are particularly disadvantaged by current genetic

counseling models, given the scarcity of CGCs in more rural
counties and among populations with a low median household
income [40]. Telemedicine, which has been adopted by many
clinics in the COVID-19 era [41], can help bridge this gap: video
genetics education and genetic counseling may be as effective as
traditional genetic counseling and has resulted in a similar uptake
of germline testing without compromising the tenants of
informed consent [42]. Telemedicine models do, however, need
to adapt to potential challenges, including limited internet access,
scheduling issues, billing questions, and state licensure regula-
tions [41].

Challenge and solution: differences in the quality of care
between white and non-white patients
There is overwhelming evidence that there are disparities in the
quality of healthcare between white and non-white patients, even
when insurance status, income, age, and severity of conditions are
comparable [43]. Significant disparities have been noted for
definitive therapy for PCa [6], with Black men being particularly
underrepresented in PCa research, including validation studies of
new clinical tools like genomic testing [15, 44]. One explanation

Table 3. Challenges and solutions.

Challenges Solutions

Shortage of CGCs and limitations of current GC models • Increase clinical training capacity for CGCs
• Offer pretest GC and select posttest GC via alternative methods (telemedicine,
group GC)

• Automate risk assessment

Differences in the quality of care for minority patients • Increase access to genetic services, contain costs, and address provider implicit
bias

Medical mistrust • System wide interventions to address gaps in healthcare delivery
• Increase representation of minorities in healthcare
• Community outreach

Lack of knowledge regarding testing • Increase genetics education among patients and community health providers
• Culturally tailored genetic counseling

Prohibitive cost and lack of insurance coverage for germline
testing

• Increase payer coverage
• Low-cost testing and government subsidies

Understudied link between PCa and breast/ovarian cancers • Address similar disparities in germline testing among women with HBOC
syndrome

• Physician and patient directed education regarding genetic link between PCa and
HBOC syndrome

CGC Clinical Genetic Counselor, GC Genetic Counseling, PCa Prostate Cancer, HBOC syndrome Hereditary Breast and Ovarian Cancer Syndrome.
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for this disparity is that minority-serving physicians have been
found to be significantly less likely to have ever referred a patient
for germline testing or counseling, specialty services, or clinical
trials [45]. This may be the result of many underlying issues,
including access and cost.
Strategies to integrate genetic services into minority commu-

nity health settings will be critical in ensuring the accessibility of
germline testing. Because most CGCs are concentrated within
large academic medical centers and hospital systems, the
incorporation of satellite campuses and clinics into medically
underserved communities would greatly expand access. In
tandem, minority community health programs can practice
evidence based medicine through the implementation of clinical
pathways to ensure that all patients are receiving the minimum
standard of care. This will require expanding physician knowledge
and awareness of current PCa clinical practice guidelines, as well
as integration of these guidelines into existing workflows (Fig. 1).
Despite the expansion of germline testing guidelines for PCa

patients, germline testing is not routinely covered by insurance.
Coverage policies for germline testing in PCa patients are
nonspecific and nonuniform across insurance companies, and
physicians may not recommend genetic services for patients who
cannot afford the out-of-pocket costs [46]. Expanding insurance
coverage to include PCa patients that meet recommendations for
germline testing may alleviate cost barriers. Additionally, in the
absence of genetic services in medically underserved commu-
nities, expanded insurance coverage for transportation costs may
benefit those who cannot access such services due to geographic
barriers and for whom in-person counseling may help overcome
hesitation due to unfamiliarity with telemedicine and/or lack of
trust in the healthcare system.

Challenge and solution: medical mistrust leading to
unfavorable attitudes towards research and medicine
Healthcare disparities among racial/ethnic minorities are thought
to contribute to long-standing generational mistrust in healthcare-
providing entities in the US. Medical mistrust has been shown to
lower utilization of routine checkups and preventive care services
[47–49], including referrals for genetic counseling and testing.
Delays in these services may prevent a substantial number of men
from obtaining recommended services until an advanced stage of
illness [47]. This mistrust becomes a barrier to an emphasis on
prostate health [50] and precludes racial/ethnic minorities from
seeking PCa screening, germline testing, and treatment.
The lack of representation within medical institutions, as well as

subsequent language barriers, may be a contributor to medical
mistrust. In 2019, 5.0% and 5.8% of physicians identified as Black
and Hispanic, respectively [51]. Further, 10.0% of CGCs in the US
identified as non-white in 2021 [52]. Representation improves
patient-clinician communication and rapport: when provided a

doctor of the same race, Black men have been found be more
likely consent to invasive services, such as blood draws and
biopsies, and discuss personal matters or health issues [53].
Hispanic men, in contrast, may face language barriers with
clinicians: monolingual English-speaking clinicians may have
limited communication with patients or rely on interpreters or
translated materials, which may convey confusing or even
contradictory information [54]. Issues of representation can be
addressed by actively recruiting racial/ethnic minorities to the
healthcare workforce and creating student training programs
targeting these populations [55]. Language challenges can be
addressed by employing multilingual, culturally cognizant inter-
preters in clinics where the need exists [56].
Medical mistrust may also stem from implicit bias, which refers

to the unconscious and unintentional attitudes and stereotypes
attributed towards a group of people. Implicit bias may contribute
to health disparities by shaping physician behavior and producing
differences in treatment along the lines of race, ethnicity, and
gender. Healthcare professionals can combat implicit bias by
individuating, which involves a conscious focus on specific
information about a patient instead of their race, ethnicity, or
gender [57]. Addressing implicit bias early is essential: genetic
counseling and nursing programs, medical schools, and health-
care professional training programs can expand and emphasize
coursework in racial sensitivity and implicit bias. Additionally,
addressing implicit bias in continuing medical education may help
minimize biases.
Medical mistrust may also result from a lack of trust regarding

the use of genetic information. Despite the passage of the Genetic
Information Nondiscrimination Act in 2008, which was designed to
protect Americans against discrimination in health insurance and
employment based on their genetic information [58], utilization of
genetic services among racial/ethnic minorities is disproportio-
nately low [59]. In response, providers need to anticipate and
dispel patient fears about germline testing. Patients may believe
that their results are not confidential or that positive results will
leave them susceptible to discrimination, reduced access to care,
or insurance coverage loss [44]. Patients may also conflate
germline testing ordered by a clinician with direct-to-consumer
DNA testing provided by companies that have faced controversy
for sharing customers’ data with law enforcement and pharma-
ceutical companies.
Outreach and community support may help combat medical

mistrust. Distributing medical literature directly to underserved
populations has been shown to have positive results; however,
personalized interactions between clinicians and racial/ethnic
minority communities may further build trust and assuage fears
about genetic services in order to encourage participation in
germline testing and clinical trials [59]. Outreach and educational
efforts within community institutions (such as churches) that
involve partners and spouses, as well as cancer survivors within
the community, may play a pivotal role [60].

Challenge and solution: lack of knowledge regarding testing
A lack of knowledge regarding germline testing and its implica-
tions for PCa screening, diagnostics, and treatment may present
further barriers [38]. The availability of reliable, easy-to-understand
information regarding the effects of P/LPVs on disease, as well as
the importance of personal or family history of disease, is crucial
[56].
Access to clear, concise tools about genetics is important

because the complexity of such tools may compromise their
effectiveness in identifying individuals at-risk for PCa. Genetics
education among the general public is also important because
individuals who are aware of and ask for specialized genetic
services are the most likely to receive them [25]. Clear, simple,
prescriptive education on genetics needs to be widely available to
all PCa patients, and physicians will need to communicate the

Fig. 1 Post-germline testing workflow depending on test result
[27, 28]. VUS Variant of uncertain significance. *Genetic counseling
recommended to discuss possible participation in family studies and
variant reclassification studies.
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advantages of genetic counseling and germline testing when they
encounter high-risk localized and metastatic PCa patients who
may benefit from it [40].
A lack of cross-cultural communication may also prevent racial/

ethnic minorities from seeking or consenting to germline testing.
The cultural impact of cancer can have an effect on patients’
attitudes towards germline testing: some South Asian and African-
American communities have been found to take on a fatalistic
view of cancer, associating the diagnosis with death; they may not
wish to pursue testing if they believe nothing can be done to
prevent or treat it [61]. Culture can also have an effect on the
acceptance of test results: patients who receive germline testing
may fear that their results will ostracize them from their family or
community. Additionally, patients may not understand what a
positive, negative, or inconclusive result means in the context of
their own health and their family’s health. One solution could be
culturally tailored genetic counseling (CTGC) and testing pro-
grams, which have been developed and evaluated to improve
access to risk assessment services, subsequently enhancing the
quality of care among patients from racial/ethnic minority groups.
CTGC consists of education about risk factors for hereditary
disease, personalized risk information, and discussions about the
benefits, limitations, and risks of germline testing [56].

Challenge and Solution: prohibitive cost and lack of insurance
coverage for germline testing
Access to germline testing is often limited by access to quality,
affordable health insurance, which varies by race/ethnicity: NHW
people are more likely to have health insurance than racial/ethnic
minorities [62]. Additionally, NHW people are more likely to have
private health coverage as opposed to public health coverage,
such as Medicare and Medicaid [62]. Patients who are uninsured,
underinsured, or insured by government programs may face
significant barriers to obtaining care—for example, they may be
denied care by private physicians, leading them to seek care in
emergency departments, public hospital systems, or local health
departments which may not offer the same referrals or specialty
and preventative services as private practices [63]. Overall, having
health insurance is strongly associated with undergoing PCa
screening, lower stage of cancer at diagnosis, treatment for local/
regional disease, prostatectomy, PCa survival, and quality of life
[5]. Without health insurance, the cost of germline testing is often
prohibitive. And, even when germline testing is covered by
insurance, there may be prohibitive out-of-pocket costs, including
deductibles and copayments. Additionally, not all insurers cover
germline testing for PCa [46], including some private insurers and
public options such as Medicare and Medicaid [64].
There are programs that increase PCa patient access to genetic

services by offering free or reduced cost germline testing. Color
Genomics offers a relatively low-cost risk analysis of several genes
associated with PCa, as well as access to CGC and physician
services [65]. Additionally, Invitae offers free germline testing and
counseling for hereditary PCa through their Detect Hereditary
Prostate Cancer program, in which eligible patients work with a
genetic counselor or physician to order testing [66]. These, along
with research studies such as the patient-driven PROMISE registry,
which offers medical Color Genomics germline testing by mail to
men with any stage of PCa [67], can reduce cost and access
barriers.
Additional strategies for increasing payer coverage for germline

testing and reducing test costs are necessary in order to create
equitable access for all PCa patients. Strategies to increase
insurance coverage may include clarifying and expanding Current
Procedural Terminology codes to allow coverage for more specific
tests and adding genetic specialists to insurance company staff to
address shortages of genetic expertise. To address the costs of
genetic tests, government subsidy programs and cost caps may
be helpful in mitigating the cost to both the patient and insurers.

Ultimately, there is a need for healthcare coverage reform in the
US. In the absence of publicly funded healthcare, improving
provider discussions about out-of-pocket costs is critical for
ensuring informed patient testing and treatment decisions [64].

Challenge and solution: understudied link between PCa and
breast/ovarian cancers
P/LPVs of BRCA1/2 have been found to increase the risk of multiple
cancers, including those of the breast, ovary, and prostate. These
P/LPVs have clinical implications for PCa patients as well as their
families. BRCA1/2 associated HBOC should be suspected in
individuals with family history of PCa and other cancers associated
with HBOC syndrome [68], and likewise, PCa risk should be
considered in individuals with a personal history of male breast
cancer and/or family history suggestive of HBOC syndrome [69].
As with PCa, there are disparities in germline testing rates

among racial/ethnic minority women with HBOC syndrome. These
disparities are thought to be a result of multiple factors, including
medical mistrust and fears of discrimination on the basis of
genetic information [70]. Such disparities are thought to
contribute to concordant disparities among racial/ethnic minority
men with PCa. Therefore, addressing germline testing disparities
among women with HBOC syndrome may aid in identifying male
family members at-risk for developing PCa, as well as those
already diagnosed with PCa who would benefit from germline
testing’s impact on treatment options.
One particular challenge for PCa patients is that the names of

certain PCa predisposition genes and familial risk factors (e.g.,
BRCA1/2 and HBOC syndrome) do not make obvious their link to
PCa. As a result, it may not be clear to PCa patients that hereditary
mutations in these genes affect them, as their names only indicate
a link to breast and ovarian cancers. To address this misconcep-
tion, one proposal is to change the name of HBOC syndrome to
remove the sex specificity of the name [71], which may reduce
confusion about its relevance to men.

CONCLUSION
It is widely accepted that a subset of PCa susceptibility is
attributed to inherited predisposition. Because the identification
of alterations in PCa predisposition genes may help inform
screening strategies for patients and family members, treatment
options in the metastatic setting, and clinical trial enrollment, it
will become increasingly important to bridge the gap for PCa
patients who are underserved with regard to germline testing.
Issues to be addressed include a shortage of genetics profes-
sionals, disparities in care, medical mistrust, misinformation, and
misunderstanding regarding germline testing, costs, and the
understudied link between PCa and breast/ovarian cancer.
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