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ABSTRACT

Indications for and implications of germline genetic testing (GGT) in patients with prostate
cancer have expanded over the past decade, particularly related to precision therapies and
management. GGT has become the standard of care for many cancers such as breast, ovarian,
colorectal, pancreatic, and metastatic prostate cancer, and it is imperative that patients be
offered timely and equitable access to testing as it can inform patient-physician shared de-
cision making for management of the current cancer as well as anticipatory guidance for
disease progression. Additionally, GGT guides screening for and prevention of secondary
malignancies for the patient and cascade testing for at-risk family members. Here, we present
data supporting the notion that clinicians should offer all patients with prostate cancer the
opportunity to undergo comprehensive GGT for pathogenic germline variants known to be
associated with familial cancer and/or known to have implications for treatment and
management.

Universal germline genetic testing (GGT) allows all patients
with cancer, regardless of stage, pathology, or family his-
tory, to undergo GGT.1-3 The importance of universal GGT
has been highlighted by several studies which have dem-
onstrated that guideline-directed GGT may miss up to 55%
of patients with actionable pathogenic germline variants
(PGVs).4-7 A transition from guideline-directed to universal
GGT has been recommended for breast, ovarian, and pan-
creatic cancers8-10; however, universal testing has not yet
been recommended for prostate cancer.

Democratization of GGT by universal testing is particularly
relevant for patients with prostate cancer, for whom there
are multiple and sometimes conflicting guidelines for GGT
published by various professional societies and consensus
committees.11-13 The National Comprehensive Cancer Net-
work (NCCN) Prostate Cancer guidelines14 have recently
removed pretest guidelines for GGT and clinicians are now
directed to the Hereditary Breast, Ovarian, and Pancreatic15

and Hereditary Colorectal (Lynch syndrome) guidelines.16

This recommendation change could result in additional
barriers to testing as prostate cancer clinicians will now have
to navigate to a different set of guidelines of which they are
most likely not routinely familiar.

The complexity of the current criteria impedes real-world
adoption of prostate cancer GGT. Accordingly, prostate

cancer has one of the lowest rates of GGT utilization,
with one contemporaneous study finding that only 1% of
affected individuals underwent GGT.17 Even in patients
with metastatic and/or castration-resistant disease, for
whom GGT is recommended, uptake of only 4%-13%
has been reported.17,18 GGT utilization is even worse
among non-White, rural, and economically disadvantaged
populations.17,19 A systematic review by Briggs et al19 found
that only 7.2% of men undergoing GGT for prostate cancer
were Black, significantly lower than the 13.4% of the
US Black/African American population, and particularly
concerning given the disproportionately high incidence of
aggressive prostate cancer among Black men.20 Additional
studies have found racial disparities in genetic counseling
referral rates and diagnostic yields from GGT.5,21 In ad-
dition, restrictive GGT guidelines that rely on an accurate
family history ascertainment are oftentimes a barrier for
patients in whom this information may be incomplete or
unavailable.22 Moreover, histopathological features, such
as grade group or intraductal/cribriform histology, which
inform GGT eligibility, are subject to interobserver in-
consistency within pathologic interpretations.23

Because GGT can inform patient-physician shared decision
making, including therapeutic management, it is imperative
that patients are offered timely and equitable access to GGT.
Moreover, GGT is crucial for cascade testing of at-risk family
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members, identifying those who would benefit from risk-
reducing interventions and enhanced screening to detect
early-stage malignancies, including not only prostate but
also breast, ovarian, pancreas, and colorectal cancers. Thus,
we recommend that all patients with prostate cancer should
be offered comprehensive GGT for assessment of PGVs in
genes that are associated with hereditary cancer and have
implications for evaluation and management.

The prevalence of PGVs varies across the spectrum of
prostate cancer. In patients with metastatic or advanced
disease, the prevalence is 12%-20% across various DNA
damage repair (DDR) genes, most commonly BRCA2.4,24

Notably, somatic (acquired) mutations are identified in a
similar proportion of patients with advanced disease,4,25,26

but somatic-only sequencing misses 8%-17% of patients
with PGVs because of technical/assay limitations, variant
filtering, and variant classification differences.27-29 Studies
that included patients with broader stages of disease found
PGV frequencies of 10%-17%, again with BRCA2 being the
most frequently identified, followed by ATM, CHEK2, and
HOXB13.5,30,31 PGVs occur in localized disease with a 3%-11%
prevalence.24,31-33 Many of these studies, however, were
based on retrospective cohorts from genetic testing labo-
ratories, high-risk cancer clinics, or biobanks of patients
with advanced disease, and thus PGV rates may have been
subject to ascertainment bias. Data generated from these
selected populations have not been sufficient to promote
universal GGT for men with prostate cancer.

Results from a recent prostate cancer GGT study provide
strong evidence to consider GGT for all patients with
prostate cancer.7 The PROstate Cancer registry in Large
patient population AIMed to assess efficacy in germline
testing (PROCLAIM) trial investigated the impact of uni-
versal GGT in a prospective, unselected US population of
patients from primarily community urology practices, where
the majority of prostate cancer care occurs. Of the 958 pa-
tients with evaluable outcomes, approximately 50% met
2019 NCCN prostate cancer GGT guidelines and approxi-
mately 50% did not meet guidelines. The majority (65%) of
patients had localized, low-risk or intermediate-risk dis-
ease. Overall, the prevalence of PGVs in the cohort was 7.7%.
As predicted, the prevalence of PGVs did not differ signifi-
cantly between patients meeting testing criteria and those
not meeting criteria (8.8% v 6.6%, respectively). Most im-
portantly, 42% of patients with PGVs would have been
missed by guideline-restricted testing. Extrapolating these
findings to the estimated incidence of 288,300 new patients
diagnosed with prostate cancer in 2023,34 restriction of GGT
to only patients meeting test criteria may miss approxi-
mately 9,000 men with hereditary forms of prostate and
other cancers each year.

Furthermore, in the PROCLAIM trial, PGVswere significantly
more frequent in White compared with non-White patients
(9.0 v 2.9%, respectively). Strikingly, among non-White
patients, the PGV prevalence was nominally higher among

patients who did not meet GGT criteria (4.0%) compared
with those who did meet the criteria (1.8%), suggesting that
guidelines may be unintentionally creating barriers to
genetics-informed care in underrepresented and under-
served populations. These data are supported by additional
studies demonstrating that individuals from underrepre-
sented populations and minorities were less likely to obtain
PGV results andmore likely to receive uncertain GGT results,
compared withWhite individuals.17,35-38 Allowing for broader
GGT testing criteria should mitigate these disparities by
increasing the number of (diverse) individuals tested,
resulting in better representation of genetic variation.

Certain PGVs in patients with prostate cancer confer signif-
icant prognostic and predictive information. For example,
PGVs in BRCA2, and possibly BRCA1, ATM, NBN, and
HOXB13, are associated with more aggressive tumors, higher
likelihood of progression to metastasis, and less favorable
outcomes,39-45 as well as higher risk of grade reclassification
during active surveillance.46 In particular, patients with
BRCA1/BRCA2 PGVs have a higher risk ofmetastasis and death
from prostate cancer after local therapy (prostatectomy or
external-beam radiation) compared with controls.47,48 Ac-
cordingly, identification of a PGV in a high-risk gene is
relevant for the management of localized, low-risk or
intermediate-risk prostate cancer, as it can guide clinical
strategies, including active surveillance protocols or an earlier
definitive treatment approach.14,47-51 Furthermore, studies
have shown that germline DDR carriers with intermediate-
risk or high-risk localized disease should not be excluded
from intense neoadjuvant androgen deprivation therapy
regimens on the basis of similar rates of exceptional patho-
logic response and biochemical recurrence after radical
prostatectomy compared with noncarriers.43

Despite its underutilization, the utility of GGT is well
established for advanced, metastatic, and resistant disease.
Namely, PGV status is critical for determining eligibility for
targeted therapies such as poly (ADP-ribose) polymerase
inhibitors, which are now US Food and Drug Administration
approved for both first and second-line therapy for me-
tastatic castrate-resistant prostate cancer (Table 1)73-77 and
are being studied in the hormone-sensitive, localized high-
risk, and maintenance therapy settings.78-83 Furthermore,
identification of a PGV in a mismatch repair (MMR) gene
(EPCAM, MLH1, MSH2, MHS6, PMS2) is often an indication
that the tumor may be MMR deficient and thus confers el-
igibility for treatment with the immune checkpoint inhibitor
pembrolizumab.84,85 Research has shown that patients with
prostate cancer with germline or somatic pathogenic vari-
ants in DDR genes treated with radium-223 had an overall
survival nearly twice as long as patients without DDR vari-
ants.86 Additionally, consideration of other treatments such
as early initiation of androgen deprivation therapy or
platinum-based chemotherapies may be appropriate for
individuals with PGVs in these genes.87-89 Conversely, a
recent study has identified worse outcomes for men with
metastatic hormone-sensitive prostate cancer and BRCA2
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TABLE 1. Gene-Specific Cancer Risks and Precision Management for Patients With Prostate Cancer With Germline Variants in NCCN-Recommended Prostate Cancer Genes

Gene With PGV
Prostate Cancer Risk Level

(relative risk) Non–Prostate Cancer Risks NCCN Management Guidelines
Approved Targeted

Therapy

Example Clinical Trials
for Patients With Pros-

tate Cancera

ATM Moderate (2-43)42,52,53 Breast, pancreatic Hereditary Breast, Ovarian and Pancreatic v.3.202454

Prostate Cancer Early Detection v.2.202455
PARPi (olaparib,

talazoparib)
NCT05011383
NCT04253262
NCT03810105
NCT02985021
NCT03413995
NCT04253262
NCT04812366
NCT04030559
NCT03047135

BRCA1
BRCA2

BRCA1: Moderate (1-33)56-58

BRCA2: High (2-8.53)48,58-60
Breast, leukemia, melanoma,
ovarian, pancreatic

Hereditary Breast, Ovarian and Pancreatic v.3.202454

Prostate Cancer Early Detection v.2.202455
PARPi (niraparib, olaparib,

rucaparib, talazoparib)
NCT05498272
NCT03810105
NCT02985021
NCT03413995
NCT04693468
NCT04253262
NCT04812366
NCT05806515
NCT04030559
NCT03047135
NCT02705846

CHEK2 Moderate (2-33)61-63 Colorectal, renal, thyroid Hereditary Breast, Ovarian and Pancreatic v.3.202454

Prostate Cancer Early Detection v.2.202455
PARPi (olaparib,

talazoparib)
NCT03810105
NCT03413995
NCT04030559
NCT03047135

HOXB13 High (3-83)64-66 NA Prostate Cancer Early Detection v.2.202455 NA NCT02705846

Mismatch repair
genes (eg, EPCAM,
MLH1, MSH2, MSH6, PMS2)

Moderate (2-3.53;67-69 MSH2:
upto 6370)

Colorectal, endometrial, ovar-
ian, gastric, small bowel,
pancreatic urothelial

Hereditary Colorectal v.2.202316

Prostate Cancer Early Detection v.2.202455
PD-1/PDL-1 inhibitor

(pembrolizumab)
NCT03248570
NCT04126070
NCT02705846

PALB2 Moderate (1-3.53)24,45,71 Breast, ovarian, pancreatic Hereditary Breast, Ovarian and Pancreatic v.3.202454

Prostate Cancer Early Detection v.2.202455
PARPi (olaparib,

talazoparib)
NCT03810105
NCT03413995
NCT04693468
NCT04253262
NCT04030559
NCT03047135

TP53 High (1.5-93)45,72 Breast, brain, colorectal, leu-
kemia, lung, sarcoma

Hereditary Breast, Ovarian and Pancreatic v.3.202454

Prostate Cancer Early Detection v.2.202455
NA NCT06212583

NCT03903835

Abbreviations: NA, not applicable; NCCN, National Comprehensive Cancer Network; PARPi, poly (ADP-ribose) polymerase inhibitor; PGV, pathogenic germline variant.
aClinical trials listed indicate a selection of ongoing trials for which patients with prostate cancer may be eligible and in which a germline pathogenic/likely pathogenic variant in the specified gene is
among the inclusion criteria for enrollment. Trials have additional eligibility criteria not reported here; this table only reflects gene-based inclusion criteria.
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PGVs undergoing androgen deprivation therapy alone.90

Thus, establishing PGV status early in the disease course
provides critical knowledge and anticipatory guidance for
patients whose disease progresses, including those cured by
localized treatment and those with hormone-sensitive
disease.

Clinical trials are an added benefit of undergoing GGT, as
eligibility criteria is often dependent on DDR gene status
(Table 1).2,91 Many of these trials are for localized prostate
cancer in the active surveillance92 or definitive treatment
setting (eg, ClinicalTrials.gov identifiers: NCT05498272,93

NCT04812366, NCT05806515, NCT04030559), where GGT
guidelines are often dependent on complex family history
criteria that could impede enrollment. Also, there are nu-
merous trials in the advanced disease setting where GGT is
recommended but often underutilized because it is not
seen as necessary until the metastatic, castration-resistant
setting when approved therapeutics can be considered.
Therefore, it is important to broaden GGT guidelines to
ensure access to both approved clinical care and clinical
trials, to optimize care for all patients with prostate cancer.

Patients with PGVs in certain cancer predisposition genes
are also at risk of other cancers, such as male breast
cancer, colorectal cancer, pancreatic cancer, and mela-
noma (Table 1).15,16 Individuals at risk of these cancers
are encouraged to undergo increased surveillance (eg,
mammograms/breast magnetic resonance imaging, colo-
noscopies, pancreatic cancer screening by using magnetic
resonance cholangiopancreatography and endoscopic ultra-
sound) to detect cancers at an earlier, and potentially, curable
stage.15 One study found that among patientswith cancer, 11%
had PGVs identified only after presenting with a second
primary cancer that possibly could have been detected earlier
or prevented given current gene-specific surveillance and
risk-reduction recommendations, hence representing a
missed opportunity for individual patient disease detection or
prevention and informing familymembers.27 Accordingly, the
cost savings associated with detecting cancer at earlier stages
of diagnosis are significant, with treatment costs markedly
less for early compared with late-stage diagnosis.94

In addition to improving patient management, universal GGT
may benefit familymembers, enabling cascade family variant
testing. Identifying unaffected family members with PGVs in
both high-risk and moderate-risk genes is critically impor-
tant for both cancer prevention and earlier diagnosis and their
resulting reduction in health care costs, as well as lives saved
through reduced cancer mortality.95 Encouragingly, studies
have shown that patients with prostate cancer value GGT for
personal and familial implications, and they typically share
their results with at least immediate family members.96,97

Recent research hasmeasured the real-world clinical utility
of universal GGT for patients with prostate cancer.
Clinician-reported recommendations and outcomes for
982 patients from the PROCLAIM trial showed that GGT

results influenced care for patients with prostate cancer,
including thosewho did notmeet NCCN testing criteria, and
thosewith low-risk localized disease. Patients with positive
results were significantly more likely than those with
negative or uncertain results to receive recommendations
for treatment changes (P < .001), follow-up changes
(P < .001), and cascade testing (P < .001).98 Additionally,
negative results aided in shared decision making by reas-
suring clinicians and patients and contributing to de-
escalation of interventional treatments.

A recommendation of GGT for all newly diagnosed patients
with prostate cancer would represent a significant increase in
the number of individuals eligible for testing, requiring ad-
ditional implementation and educational resources. However,
this is not an insurmountable challenge. In fact, the persisting
shortage of genetic professionals has been an impetus for
research devoted to harnessing technology and developing
novel genetics service delivery models, many of which have
been used in patients with prostate cancer.99 Similar calls to
action in breast cancer implore us to “no longer wait for a
future with enough genetic counselors to test broadly.”100

Successful approaches to providing education and access to
genetics care and counseling for patients with prostate cancer
include pretest educational videos, telehealth, genetic testing
stations staffed by genetic counselor extenders, and main-
stream or hybrid approaches, where physicians order GGT
after patients have received pretest education, followed by
post-test, often remote, genetic counseling for patients with
positive or uncertain results.21,101-107 Because patients with
prostate cancer prefer that discussion of, or referral to, ge-
netics comes from one of their trusted providers,96 main-
stream or hybrid models have been particularly successful,
resource efficient, and satisfactory for both clinicians and
patients.102,106,107 Accordingly, GGT uptake was high in these
studies (75%-98%) as patients were particularly satisfied to
have testing initiated at their existing oncology appointment
rather than a separate genetics appointment.102,106,107 Addi-
tionally, a variety of resources exist from professional soci-
eties for providers interested in incorporating GGT into their
practices (Szymaniak et al110 2020; Mark et al111 2021), in-
cluding Web-based modules and podcasts (Giri et al112 2021;
Loeb et al113 2021). For practiceswithout access to downstream
genetics services, it may be feasible to add remote cancer
genetic consultations to multidisciplinary tumor boards.108

Ultimately, it will take collaboration among providers, pa-
tients, and genetic testing laboratories to streamline GGT into
routine prostate cancer care.99

Additionally, the cost of GGT has substantially decreased
over the past decade and is performed a single time with
lifetime informative benefits for patients and relatives.2,109

The one-time patient assessment using GGT is well rec-
ognized and distinct from the multiple-time-point utili-
zation of other biomarkers (eg, imaging, urine, blood)
throughout the patient’s prostate cancer journey, including
imaging, urine, and blood, about which there is ongoing
debate regarding clinically indicated frequency and utility.
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In conclusion, GGT is an important tool that enables per-
sonalized management of patients with prostate cancer,
including access to approved prostate cancer therapeutics,
opportunities for clinical trials, and testing of family
members at risk of prostate cancer and other cancers. We
believe that the body of evidence presented makes a strong
case for comprehensive GGT for all patients diagnosed with

prostate cancer independent of stage or family history.
Prostate cancer is one of the most common hereditary
cancers, along with breast, ovarian, pancreatic, and colo-
rectal cancers, and guidelines for the aforementioned can-
cers have all transitioned to either recommendation or
consideration of universal testing8,15,16; prostate cancer
should not be the exception.
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