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BACKGROUND/OBJECTIVES: Unfortunately, not all metastatic castration resistant prostate cancer (mCRPC) patients receive
available life-prolonging systemic therapies, emphasizing the need to optimize mCRPC treatment selections. Better guidelines are

necessary to determine genetic testing in prostate cancer.

SUBJECTS/METHODS: In this two-part expert opinion-based guide, we provide an expert consensus opinion on the utilization of
germline and somatic testing to detect HRR alterations in patients with mCRPC. This guide was developed by a multidisciplinary
expert panel that convened in 2023-2024, including representatives from medical oncology, urology, radiation oncology,

pathology, medical genomics, and basic science.

RESULTS/CONCLUSION: We argue for the widespread adoption of germline testing in all patients with prostate cancer and for
somatic mutations testing in patients at the time of recurrent/metastatic disease. In this first part, we review how genomic testing is
performed. We also review how to overcome certain barriers to integrate genetic and biomarker testing into clinical practice.

Prostate Cancer and Prostatic Diseases (2025) 28:652-661; https://doi.org/10.1038/541391-024-00901-4

INTRODUCTION
The incidence of prostate cancer (PCa) has risen, with nearly
300,000 new U.S. cases now projected per year [1], notably in
aggressive, higher stage PCa [2-4]. Metastatic-castration-resistant-
prostate-cancer (NCRPC) has a median overall survival (OS) of only
~2 years [5-8] and is the second leading cause of cancer death for
U.S. males [1]. Unfortunately, not all mCRPC patients receive
available life-prolonging systemic therapies, emphasizing the
need to optimize mCRPC treatment selections [5-9].

mCRPC is clinically heterogenous, requiring treatments to be
tailored to individual patient. Prognosis varies from months to
many years based on the pattern of metastatic spread, disease
burden, patient health, and tumor molecular features [10, 11]. In
recent years, genomic analyses of primary prostate samples and
metastatic tissue biopsies have attempted to uncover potentially
actionable or targetable alterations [12-17]. With the wide
availability of comprehensive genomic testing, analysis of a
patient’s germline and acquired tumor-only (or “somatic”)
genomic alterations can help prognosticate a patient’s course
and predict treatment effectiveness. Germline testing also high-
lights familial cancer risk, prompting early screening of relatives.
Unfortunately, the majority of patients still do not undergo the
appropriate genetic testing [18].

The DNA damage repair (DDR) pathway with the most
therapeutic relevance is homologous recombination repair
(HRR). The identification of HRR deficiencies in PCa have led to
life-prolonging therapies. Approximately 20-25% of mCRPC
patients have germline and/or somatic alterations in HRR,
resulting in loss of function [19, 20]. BRCAT and BRCA2 (1% and
7-13% respectively) are therapeutically targetable, but also
associated with a more aggressive PCa phenotype [19-21].

The relative ratio of pathogenic germline to somatic mutation
events in DDR is highly dependent on the HRR genes interrogated
[22]. One study identified that the ratio of germline to somatic
alterations in BRCA1/2 genes was roughly 1:1, whereas other HRR
genes such as ATM and CDK12 had a much higher ratio of HRR
mutations that were somatic in origin relative to germline [23].
70% of ATM alterations and 89% of CDKI12 alterations were
somatic, based on a validated computational algorithm [24].

Determining both the origin and precise nature of a mutation
may influence treatment decisions by providing a granular
assessment of a patient's DNA damage repair machinery,
influencing treatment selections. Many variables must be con-
sidered to correctly interpret an HRR genetic testing result. The
specific gene and origin and type of mutation has direct
therapeutic implications for PARP inhibitors. Whether a mutation
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is found only in germline DNA, somatic DNA, or in both may affect
a patient’s course and expected response from a PARP inhibitor.
Similarly, whether it affects one (“monoallelic”) or both alleles (i.e.
“biallelic”) provides a clearer picture of a patient’s DDR machinery
and likelihood to respond to a PARP inhibitor. Finally, whether a
somatic mutation is found in tumor tissue as opposed to plasma
(i.e. ctDNA) may influence whether a testing result will have a
therapeutic implication.

Recent real-world data from 2014 to 2022 suggests an increase
in genetic testing for HRR deficiency from <20% of patients to
nearly 50% of patients, with significant disparities noted in the
lack of testing particularly in patients with Medicaid, low
functional status, earlier time periods, older age, and commu-
nity/rural sites [25]. A recent report noted that although next
generation sequencing testing rates have improved over time, the
majority of patients still did not undergo testing [18]. Overcoming

Diagnosis of
Prostate Cancer

Undergo
Germline Testing
at Diagnosis

Metastatic Disease Dx'd?

S

Germline Testing Positive? V-2 .
g ACEIM  Undergo Somatic

Nol Tumor NGS

Can Defer Somatic

Testing Until
Metastatic Dx

Fig.1 Algorithm of recommendations for PCa germline and somatic
testing.
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structural barriers and improved guidelines are needed to
promote more testing.

In this two-part expert opinion-based guide, we provide an
expert consensus opinion on the utilization of germline and
somatic testing to detect HRR alterations in patients with mCRPC
(Fig. 1). This guide was developed by a multidisciplinary expert
panel that convened in 2023-2024, including representatives from
medical oncology, urology, radiation oncology, pathology, medical
genomics, and basic science. We argue for the widespread
adoption germline testing for all patients at the time of prostate
cancer (PCa) diagnosis. Patients with metastatic hormone sensitive
PCa (mHSPC) or mCRPC would subsequently qualify for somatic
tumor genetic testing to determine eligibility for potential life-
prolonging precision therapies. Tumor genetic testing is poten-
tially not necessary for men with only localized PCa.

In this first part, we review how genomic testing is performed.
We also review how to overcome certain barriers to integrate
genetic and biomarker testing into clinical practice.

WHO SHOULD BE TESTED AND WHEN?

Per National Comprehensive Cancer Network (NCCN) guidelines,
germline testing is currently recommended for patients with
metastatic, node-positive, or high-risk localized PCa as well as for
individuals with a family history of certain cancers (Table 1). To
provide clarity for pathologists and medical oncologists, per NCCN
guidelines germline testing may also be performed when
pathologic review identifies intraductal or cribriform histology,
or if a patient has a personal history of another malignancy
associated with hereditary cancer syndromes (Table 1). Other
societies, such as the American Urological Association, have similar
recommendations [26, 27].

Germline multigene testing should include a minimum set of
genes (Table 1) [28]. Genes such as HOXB13 may not be
therapeutically actionable but can still be relevant depending on
the clinical context for discussions including risk or family
counseling.

We strongly recommend pre-testing counseling (either in-
person or virtually) to address patient concerns over discrimina-
tion (e.g. life insurance eligibility), testing methodology and
implications. Notable examples exist in the literature [29, 30].

Table 1. Current NCCN germline testing guidelines.

Germline testing recommended

Metastatic, regional (node positive), very-high-risk localized, or high-risk localized prostate cancer (including intraductal or cribriform histology)

>1 first-, second-, or third-degree relative with:

* Breast cancer at age <50y

« Colorectal or endometrial cancer at age <50y

» Male (sex assigned at birth) breast cancer at any age
»Ovarian cancer at any age

* Exocrine pancreatic cancer at any age

» Metastatic, regional, very-high-risk, or high-risk prostate cancer at any age

>1 first-degree relative (parent or sibling) with prostate cancer at age <60y

>2 first-, second-, or third-degree relatives with:
« Breast cancer at any age
* Prostate cancer at any age

>3 first- or second-degree relatives with Lynch syndrome-related cancers, especially if diagnosed at age <50y: colorectal, endometrial, gastric,
ovarian, exocrine pancreas, upper tract urothelial, glioblastoma, biliary tract, or small intestinal cancer

Known family history of a familial cancer risk mutation, especially BRCA1, BRCA2, ATM, PALB2, CHEK2, MLH1, MSH2, MSH6, PMS2, and EPCAM

Ashkenazi Jewish ancestry
Personal history of breast cancer
Testing recommendations

Germline Testing Genes: Multigene testing for BRCA1, BRCA2, ATM, PALB2, CHEK2, HOXB13, MLH1, MSH2, MSH6 and PMS2
Somatic Testing Genes: Multigene testing for BRCA1, BRCA2, ATM, PALB2, FANCA, RAD51D, CHEK2, and CDK12

Prostate Cancer and Prostatic Diseases (2025) 28:652 -661

SPRINGER NATURE

653



AJ. Armstrong et al.

654

1, , understand the risks and needs of undergoing germline/somatic genetic testing. This test
involves providing a blood, tissue, or saliva sample to an outside company (specify) for analysis. During testing,
this other company will be looking for changes in DNA in your cells. | have been informed of what to expect with
this test, including, but not limited to potential side effects.

What are alternatives to this test? This test is voluntary and you do not have to do this test. Alternatives
include doing nothing.

How will this test be carried out? You will either provide a blood sample, a saliva sample or we will send your
tissue from a biopsy to be tested.

What will the results show?

* A positive result may show if you have or are a carrier of a genetic mutation. This might have implications
for you and your family, including children.

* A negative result does not mean that you do not have or are not a carrier of a genetic mutations. We
might not know or be able to test for all genetic mutations at the time of your test.

* An inconclusive result may result from limitations in testing. This may lead to additional tests but it may
remain uncertain.

What benefits are associated with testing?
Genetic testing can reveal your personal risks of future cancers, explain your current cancer risk, and also
identify certain mutations that may be helpful in guiding treatment decisions.

Genetic testing can reveal familial risks of cancer, not limited to prostate cancer, but to other cancer types,
depending on the type of mutation. This information could be useful to family members in screening for cancer,
and in proactive procedures or therapies to reduce cancer risk.

What risks are associated with testing?
* Genetic testing can result in some emotional, social or financial risks.
1. The results might reveal you or a family member is at risk for additional diseases.
2. The results might reveal you or a family member is a carrier of a genetic mutation.
3. The results might reveal unanticipated information such as non-paternity or unexpected paternity.
4. You might experience genetic discrimination in employment or insurance such as life insurance.
5. You might feel anxious, guilty or angry about your results.
6. You might have a copay if your insurance does not cover this test cost fully. You may be responsible
for the cost of the test if insurance denies coverage.

* The results might indicate you would be helped by a treatment and that treatment could have additional
associated risks.
1. If you have your blood drawn, there is a risk of bleeding, bruising and infection.
2. If you need to have a biopsy done, there is additional risk associated with that procedure that will
be reviewed prior to your procedure.

A genetic counselor will meet with you if there is a positive test to communicate these specific benefits
and risks.

How will I receive the results of the test?
. (INSTITUTION, PROVIDER, or COMPANY) will contact you with results of the test. Results will be
shared with your provider for further discussion on next steps.

What if | have additional questions about my test results?

« If your results are positive, you will be referred to a genetic counselor to further discuss the results and
implications. Your oncology or urology provider will discuss the implications of both a positive and negative test
in your care.

What information is collected on me and how will it be used?
Each company that performs the test will have unique guidelines about your personal health information. This
will include collecting personal and health information, some of which may be considered sensitive personal

information. There is also the possibility they will keep your genetic sample on file to comply with legal
requirements, to contact you if they learn more information about your results, and to improve interpretation of
DNA results.

| understand that no guarantee has been made to me and the test(s) may not cure or improve my condition. |
have read and fully understand this consent form or it has been explained to me to my satisfaction. |
understand | can withdraw this consent to the test(s) at any time prior to the beginning of the testing process.

DO NOT SIGN THIS FORM if you have any unanswered questions about the test(s) or do not feel
comfortable proceeding with the test(s).

(Patient/Responsible party signature - relationship) (Date)

Fig. 2 Example informed consent form template.

Informed decision-making and consent is critical can be accom-
plished through video [30] or in-person discussions and docu-
mented through well-developed forms (see Fig. 2 for an example)
[31]. Post-test counseling is recommended if germline testing
reveals any pathogenic/likely pathogenic variants prompting
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cascade testing in relatives, or if a highly suspicious family history
is not reflected in testing results.

Although NCCN guidelines recommend germline testing based
on high-risk stratification criteria, such overly stringent testing
criteria may miss pathogenic variants. Burgeoning evidence,
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Table 2. Panel consensus recommendations.

1. All patients with prostate cancer should receive germline testing when possible until more comprehensive data is available to better stratify

testing recommendations

2. Patients should be informed prior to testing that many types of tumor testing may reveal germline findings, and that confirmatory germline

testing may be recommended if such results are identified.

3. Germline testing should not be replaced solely by somatic only testing, as this may lead to missed germline alterations in up to 20% of patients

4. A negative initial tumor test, particularly using HSPC tissue, does not rule out a pathogenic germline alteration nor a new mCRPC somatic event.
Repeat testing is obviously indicated if the initial sample is insufficient, but even if sufficient, there is evidence that late mCRPC events such as
those that are BRCA2 or MSI-H can be missed in the original metastatic hormone sensitive tissue but developed in the mCRPC setting. Germline

and repeat somatic testing may be recommended in such cases.

Table 3. Somatic vs germline testing.
Aspect Somatic tumor testing
Definition Somatic DNA mutations are acquired over a patient’s

lifetime in tumor cells.

Sample Required Tumor tissue or ctDNA in blood(liquid)

Germline testing

Germline DNA mutations are inherited mutations present
since birth that are in every cell of the body including egg
and sperm.

Obtained via cheek swab, sputum or blood draw.

Identifies inherited mutations that may predict risk of
inherited cancer syndromes, may have implications for
therapy, and for preventative options for patients and family.

Purpose Identifies molecular alterations from the tumor and reports
the variants present in cancer cells. Purpose is to identify
options for molecularly informed treatment.

Limitations Somatic tests are not designed to report on germline

mutations.

including the PROCLAIM study [32], has demonstrated that the
current paradigm of limiting germline genetic testing to patients
with cancer thought to be at the highest risk for hereditary cancer
syndromes is overly limiting. PROCLAIM found that even among
patients with so-called low- or intermediate-risk disease, approxi-
mately 7.7% of patients still had a pathogenic gene variant
(pooling together both germline and somatic variants). No
significant difference was found in the prevalence of pathogenic
gene variants among patients who met NCCN criteria for high-risk,
versus those patients who were considered low- or intermediate-
risk [2]. An estimated 42% of patients with pathogenic gene
variants would be excluded utilizing current testing guidelines.
This does not include the intraductal/cribiform histology patients
referenced above.

When examining patients from under-represented populations,
testing criteria were found to be even less effective at predicting
the presence of a pathogenic gene variant. Many identified
pathogenic gene variants in this study were actionable, implying a
significant potential for impact on a patient’s clinical course when
patients are excluded from germline testing [33].

Since current germline testing recommendations may miss
patients with pathogenic/likely pathogenic variants, new data
need to be collected to identify candidates for germline testing.
The PROMISE registry aims to collect long-term to improve
guideline recommendations [34]. Furthermore, discovery of index
cases in a family will prompt genetic counseling and cascade
testing for at-risk family members. As the costs of genetic testing
decrease, expanded genetic testing becomes more feasible.

It is our recommendation (Fig. 1, Table 2) that all patients at the
time of PCa diagnosis should undergo germline testing. Further-
more, we recommend that patients with recurrent, metastatic
hormone sensitive PCa (mHSPC) or mCRPC subsequently undergo
somatic tumor genetic testing to determine eligibility for potential
prolonging precision therapies. Tumor genetic testing is poten-
tially not necessary for men with only localized PCa. Future data
may broaden these recommendations for germline or somatic
testing and may have a large impact on clinical management and
surveillance. Less than 50% of men are undergoing appropriate
genetic testing [25] and we believe that the risks from a patient
not undergoing the appropriate germline or somatic tumor

Prostate Cancer and Prostatic Diseases (2025) 28:652 -661

testing are higher than any negative consequences from testing.
However, we agree that financial barriers (see below) will still need
to be addressed to ensure equity in the implementation of
guidelines. However, we do not anticipate that insurance coverage
for testing would change in the absence of these expert
recommendations and guidelines.

The differences between somatic vs. germline testing are
illustrated in Table 3. Over time, the mutational profile of a tumor
may change, and false negatives will occur, thus repeated testing
may be considered at the time of disease progression to evaluate
for molecular changes that may influence next steps in treatment or
clinical trial options [35]. One recent study identified that 11% of
men with mCRPC harbored new actionable somatic alterations on
repeat testing, predominantly ctDNA [35]. It is not yet clear whether
new oncogenic alterations identified on repeat testing are clonal
events that are equally predictive for targeted therapy benefit.

Patients should be informed prior to testing that many types of
tumor testing may reveal germline findings, and that confirmatory
germline testing may be recommended if such results are
identified (Table 2). However, germline testing should not be
replaced solely by somatic only testing, as this may lead to missed
germline alterations in up to 20% of patients (Table 3) [36, 371.
NCCN recommends that multigene testing should be performed
when somatic testing is pursued (Table 1). MSI-H or dMMR testing
is additionally recommended for patients with regional or
hormone-sensitive or castration-resistant prostate cancer, and
TMB testing may be considered as well.

HOW TO TEST AND TECHNICAL BARRIERS

HRR gene alterations are considered early truncal events in PCa
[19, 38]. Indeed, several studies have shown that primary prostate
tissues (including needle core biopsies and radical prostatectomy
specimens) reflect the mutational status of HRR genes in
metastatic tissue [38, 39]. However, a significant fraction (10-
40%) of cases yield no results or non-contributory results [40-43].
Nevertheless, archival formalin-fixed paraffin-embedded (FFPE)
primary tumor samples make up most of samples submitted for
HRR gene testing. It is therefore critical to consider factors that can
increase the likelihood of obtaining informative NGS results.

SPRINGER NATURE

655



AJ. Armstrong et al.

656

Sample age, specimen type (resection, core needle biopsy, fine
needle aspirate), tumor content, and DNA yield after extraction are
the most relevant pre-analytical factors that impact NGS results
[40, 41, 43]. Since DNA yield is a key determinant for a successful
test, the amount of tumor tissue submitted for analysis is critical.
Tumor tissue should be of high enough abundance (minimum
0.2mm?3), and the tumor cell fraction should be at least 25%.
Tissue macrodissection can be used to increase the tumor fraction
if necessary. Organ site is another determinant for the success of a
sequencing test. While soft tissue sites (particularly lymph node
biopsies) have the highest success rate, bone biopsies have
reportedly lower rates (20-50%) [43]. This is likely due to lower
tumor cellularity in bone biopsies as well as the loss of DNA
integrity due to decalcification. For bone processing, it is
recommended to avoid harsh acid-based decalcification methods
and rather use ethylenediaminetetraacetic acid-based calcium
extraction [43, 44].

An important consideration is that sample age affects the quality
of the study, with younger samples showing higher success rates.
This is likely a key limiting factor in cases where archival
prostatectomy samples yield false negative results. Older archival
specimens (>10 years) can still be used, but in such cases it is
particularly important to submit ample tissue material to ensure
high DNA yields after extraction [40, 43]. If only old archival material
is available for a patient, resection specimens, ideally with high
tumor cellularity, are preferred over core biopsies. However if new
tissue is procured for NGS testing, ideally multiple core biopsies per
lesion should be obtained. The lower DNA yield and DNA integrity
present in some older FFPE samples can result in lower quality
sequencing studies and challenges in data interpretation.

Finally, a negative initial tumor test, particularly using HSPC
tissue, does not rule out a pathogenic germline alteration nor a
new mCRPC somatic event [19]. Germline and repeat somatic
testing may be recommended in such cases (Table 2). Repeat
testing is obvious if the initial sample is insufficient, but even if
sufficient, there is evidence that there were clearly identified late
mCRPC events that were BRCA2 or MSI-H and missed in the
original mHSPC tissue [35]. We acknowledge there is only limited
retrospective data that repeat genomic testing can be informative
unless there is a question regarding the quality of the initial
testing (e.g. tumor purity, inadequate depth of sequencing).

COMPARING CTDNA AND TISSUE TESTING

In cases where archival tissue is unavailable and obtaining a new
tissue biopsy is not feasible, NGS-based HRR gene testing of
circulating tumor DNA (ctDNA) from peripheral blood draw offers
an alternative [45-48]. There are also inherent advantages in
profiling the latest available sample from a patient with advanced
disease. However, metastatic PCa presents challenges for collec-
tion of a tissue specimen since metastases are often confined to
bone, requiring a technically difficult, invasive biopsy [49, 50].
Genomic profiling of ctDNA from plasma provide a minimally
invasive alternative method to profile metastatic PCa, with the
added capability of detecting variants from multiple metastatic
lesions that may have undergone clonal evolution. As discussed
above, nearly 11% of mCRPC patients had newly identified
actionable alterations in BRCA1/2 or MMR genes by serial ctDNA
testing [35].

While ctDNA-based assays are non-invasive, they come with
certain limitations compared to tissue-based testing. False
negative results can occur due to low levels of ctDNA in the
patient’s blood [45]. Low PSA levels and low tumor burden, lymph
node only disease, and normal LDH have been linked to a lack of
detection of somatic alterations in cfDNA NGS studies [51, 52].
Clonal hematopoiesis of indeterminate potential (CHIP) can also
interfere with ctDNA testing, potentially leading to false positive
results. In addition, accurate determination of copy-number
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alterations from ctDNA has been shown to be difficult, especially
in low tumor fraction settings [45].

Given these inherent challenges, it is crucial to minimize pre-
analytic variability by using standardized protocols for blood
collection, storage, and sample preparation for ctDNA-based NGS
studies and timing the collection of a ctDNA sample with clear
metastatic progression [46, 53].

Despite these limitations, in cases where detectable alterations
are found in ctDNA, the concordance with tissue-based studies is
high [42, 48, 51]. The largest ever study of ctDNA in prostate
analyzed plasma from 3,334 patients with advanced mCRPC
(including 1,674 from TRITON 2/3) [54]. The investigators’ goal
was to assess concordance between ctDNA and tissue based
comprehensive genomic profiling [54]. The TRITON cohorts
included patients who had progressed on one prior androgen
receptor signaling inhibitor (ARSI) therapy and those who had
progressed on 1-2 lines of ARSIs followed by taxane chemotherapy.

Liquid biopsies were found to accurately recapitulate the
genomic alterations detected in tissue biopsies with a high level
of agreement, especially with regards to BRCA1/2 mutations. 94%
of BRCA1/2 mutations and 90% of all BRCA1/2 variants detected by
tissue genomic profiling were detected in ctDNA, including 100%
of predicted germline variants [54].

ctDNA also identified more acquired resistance alterations than
tissue. These included novel AR-activating alterations and
subclonal BRCA1/2 secondary mutations and reversions not
identified in tissue testing. ctDNA was also enriched for other
therapy resistance alterations as well as possible clonal hemato-
poiesis mutations (e.g. in ATM and CHEK2). In a study by Wyatt and
colleagues on the concordance of ctDNA with a time matched
tissue-biopsy, 33% of somatic mutations were detected exclusively
in liquid biopsy samples [48].

While the above studies do not necessarily correlate their
results against clinical outcomes, given the high percentage of
patients with detectable ctDNA and agreement found with the
tissue-defined genomic landscape of mCRPC observed in the
study, genomic profiling through plasma biopsy is a viable option
to detect actionable mutations, notably BRCA1/2. Reflex to tissue
genetic profiling is suggested if ctDNA is negative or uninforma-
tive for actionable variants. Providing the ctDNA fraction or
concentration should in the future allow for greater interpretation
of negative results given the low sensitivity of ctDNA to detect
alterations, particularly copy losses, in low ctDNA concentration
patients.

Discordance between tissue and ctDNA (where patients were
observed positive for BRCA or ATM in tumor tissue, but negative in
ctDNA) have been attributed to limitations in structural variant
detection (e.g. homozygous deletions and large rearrangements)
in ctDNA, which are more common events in BRCA2 mutant
tumors [55]. Low ctDNA shedding can also lead to such
discordance. Low predicted tumor fraction has been reported to
be particularly striking for patients with homozygous deletions
and large rearrangements detected in tissue only, highlighting the
need for improved ctDNA assays [55].

Conversely, where discordance was observed between BRCA or
ATM alterations identified by ctDNA but not seen in tumor tissue,
this was predominantly due to low variant allele frequency if
variants fall below the lower limit of detection. In a clinical
environment, these patients with false negative ctDNA results
could be overlooked for personalized treatment. Reflexive tissue
testing should be performed if suspicion is high.

Clinicians should be mindful of factors that impact the
concordance between ctDNA and tissue testing. For example,
genomic profiling of recent specimens may be more valuable than
sequencing archival, pre-systemic treatment of primary tumor
tissue. Tissue samples collected a median of 758 days before
plasma showed 75% positive agreement whereas samples
collected within 30 days of ctDNA had a much higher positive
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agreement [54]. Additionally, ctDNA fraction is higher in patients
with a greater disease burden, such as those who have progressed
on more lines of therapy. Therefore, clinicians must view the
results of genetic testing through the context of its collection and
a patient’s individual disease state before making conclusions
about treatment. An online calculator is also available to predict
the chances of a positive ctDNA test and the ctDNA fraction (see
ctDNA.org) [56]. This can be helpful given the clear prognostic
value of ctDNA burden in men with mCRPC.

Additionally, the major advantage of easy repetitive sampling to
monitor tumor evolution, coupled with the more comprehensive
assessment of tumor mutational burden independent of inter-
tumoral heterogeneity and the rapid technological advancements
to increase sensitivity and depth of assessment, make ctDNA
analysis a useful alternative.

Unfortunately, ctDNA has low sensitivity for deletions which can
lead to false negative testing results for HRR alterations and an
inability to test for AR splice variants that predict poor outcomes
from ARSI therapy. To address these limitations, future work
should consider the integration of phenotypic biomarkers, such as
CTCs, exosomes, and other blood-based assays or through
molecular imaging, which can provide clinically relevant informa-
tion to guide treatment and improve outcomes. Prior work has
suggested CTC specific discordant genetic alterations in men with
mCRPC which are associated with outcomes [57, 58]. In addition,
CTC transcriptomic signatures can provide additional measures of
phenotypic drug resistance in mCRPC, including AR variants and
neuroendocrine biology. In addition, cell-free RNA may offer a
complementary path to tumor molecular profiling, with utility for
identifying RNA aberrations [59].

CLINICAL TRIAL EVIDENCE SUPPORTING USE OF CTDNA
Patients in the phase Ill trial TALAPRO-2 (first line combination of
talazoparib plus enzalutamide in mCRPC) provided solid tumor
tissue (either de novo or archival) or blood based samples, or both,
which were prospectively assessed for HRR gene alterations. HRR
status was informed by tumor tissue in 804/805 patients (99.9%),
by both tumor tissue and ctDNA in 114/805 (14.2%) and by ctDNA
only in 1 patient (0.1%). Plasma samples that had been collected
at screening were then retrospectively tested using a ctDNA assay
to perform an exploratory analysis of patients with prospectively
unknown HRR status and to examine the concordance between
tissue NGS and ctDNA testing results.

A recent post-hoc analysis of these results from TALAPRO-2
reported high concordance between the retrospectively assessed
ctDNA samples and the prospectively assessed/collected tumor
samples [60]. There was 95% agreement for the determination of
HRR deficiency between both tests. Of the 739 patients with
retrospective ctDNA test results, 28% were HRR deficient, 60%
were non-HRR deficient, and the remainder were either unknown
or uncollected.

Secondary analysis of PROpel (phase Il trial of first line
abiraterone plus olaparib in mCRPC patients) similarly concluded
an 85% overall percentage agreement between matched tumor
tissue and ctDNA testing and using aggregate retrospective
testing results it was possible to maximize the number of patients
with known HRR mutated status [61]. These result suggests that, if
sufficient tumor DNA is present, both ctDNA testing and tissue
testing are reliable methods to detect HRR mutations for guiding
clinical decision making.

CLONAL HEMATOPOIESIS OF INDETERMINATE

POTENTIAL (CHIP)

Recent large-scale sequencing studies have revealed that the
acquisition of clonally restricted somatic mutations in cancer-
associated genes in hematopoietic cells is not limited to
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individuals with malignancy [62, 63]. These mutations can be
detected in people with normal blood counts and without any
apparent malignancy. These mutations have been termed “clonal
hematopoiesis of indeterminate potential” or “CHIP” to describe
individuals with a malignancy associated somatic mutation in
blood but without other diagnostic criteria for malignancy.

CHIP is a known confounder of circulating free DNA (cfDNA)
testing in prostate cancer [64, 65]. CHIP is detected in approxi-
mately 20% of men with advanced prostate cancer and is known to
increase with age, in men, and in smokers or in those treated with
prior DNA damaging chemotherapy or radiation. Notably, around
10% of men have CHIP variants in DNA repair genes, which
complicates analyses but can be excluded by paired whole-blood
control sequencing [66]. cfDNA testing only tests plasma where the
cfDNA derives from all extant cell sources in the patient, including
PCa and CHIP, as a consequence of which plasma-only cfDNA
testing cannot reliably distinguish variants derived from prostate
cancer versus a CHIP. To determine whether a patient has CHIP
requires clonal NGS testing of peripheral blood cells. In this case,
circulating tumor cells may be present in peripheral blood and, if so,
can be used as a proxy for PCa tissue testing.

Most CHIP related genes are distinct from PCa associated genes,
with the notable exception of ATM [67, 68]. ATM has been
described as a frequent CHIP clone in clinical cancer predisposi-
tion testing, along with CHEK2 and TP53 [66, 69]. A recent, albeit
small, study simultaneously analyzed plasma and paired whole-
blood control samples in 69 patients with advanced PCa (defined
as patients with metastatic disease or rising PSA following
localized therapy) [66]. CHIP interference was defined as a
pathogenic variant with variant allele fractions of at least 2% in
both whole blood and plasma. 13 of 69 patients (19%; 95% Cl
10-30%) were found to have CHIP interference clones, and 7 of
those 13 had CHIP variants in DNA repair genes that are used in
PARP selection. The majority were involving ATM (5) followed by
BRCA2 (1) and CHEKT (1). Only 1 of 12 TP53 variations detected in
plasma cell-free DNA from 69 men with advanced PCa was found
to be a CHIP interference somatic mutation.

Thus, nearly a quarter of all non-BRCA2 HRR mutations in this
study were CHIP, and thus not predicted to be sensitive to PARP
inhibitor monotherapy. The remaining patients had CHIP inter-
ference in other genes that are known to be frequently impacted
by CHIPs. Interestingly, CHIP interference correlated exponentially
with increasing age and was highest in those ages 81-90 (71%).
The rate of CHIP similarly increased if patients had prior
chemotherapy exposure. In this study, 10% of patients would
have been misdiagnosed and incorrectly deemed eligible for PARP
inhibitor therapy. To mitigate these risks, cfDNA results can be
compared to results of whole blood control or tumor tissue.

Clinicians should be careful to not reflexively assume certain
mutations identified in cfDNA, notably ATM mutations, are
actionable tumor-derived mutations. Where possible, we recom-
mend that a patient found to have an ATM mutation in cfDNA
should be referred for CHIP testing via whole blood or validation
through genetic testing on tissue. Ideally, cfDNA testing in prostate
cancer could include whole blood controls to distinguish between
CHIPs and prostate cancer variants. ctDNA results should also be
correlated against the clinical trial results above to ensure PARP
inhibitors are chosen in patients that will most benefit (notably
BRCA2 patients). Furthermore, we encourage physicians to consult
with specialized academic groups should questions arise.

Passenger mutations

HRR deficiency and microsatellite instability-H (MSI-H) alterations
were historically thought to be mutually exclusive [70]. However, it
has been found that 12.8% of BRCAT and 3.4% of BRCA2 loss of
function mutations co-occur in patients that are MSI-H [70]. In
these BRCA-associated malignancies, the co-occurring BRCA
mutations were generally monoallelic and not associated with
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genome-wide loss of heterozygosity for DNA damage repair
function. This suggested that these BRCAT1/2 alterations were
“passenger events” and pure bystanders that are not actionable
for PARP inhibition. In fact, two patients with PCa and co-occurring
BRCA mutations and MSI-H showed resistance to PARP inhibition
but were sensitive to subsequent anti-PD-1 therapy.

A recent report [71] of 18 men with high TMBs and concurrent
HRR alterations demonstrated that only 33% of these “HRR altered
tumors” had a COSMIC signature 3-positive/integrated assessment
of HRR deficiency-positive (CSig3(+)/iHRD(+)) signature which
verified them as HRR-deficient. In the other 2/3 of patients, the
signature was absent, meaning HRR alterations were simply
bystander events. Therefore, one must exercise caution in
reflexively interpreting HRR mutations as actionable in mCRPC
patients who also have high TMBs, as they may simply be
“passenger events” not responsive to PARP inhibitor monother-
apy. Interestingly, this phenomenon of a “passenger event”
increased with TMB. Alternative HRD assays such as RNA
signatures are in development to more fully identify additional
PARP sensitive or resistant mCRPC patients.

DISPARITIES AND INSURANCE IMPLICATIONS

PCa mortality rates in black patients are approximately 2-4x higher
than all other groups [1]. Despite this dramatic disparity in
incidence and mortality, black patients have been the least
represented in studies of PCa molecular drivers [72]. Such
challenges are compounded by numerous barriers to genetic
testing. There is significant potential for worsening health
disparities among racial and ethnic minorities, as well as patients
who reside in remote/rural areas.

Black or African American, Hispanic, and Asian/Pacific Islander
patients with PCa are under-represented in germline testing
studies, and thus a gap persists in genomic data in these patient
populations, which may contribute to higher rates of VUS
observed in these populations as compared to white patients
[73]. In one study of patient data sequenced within The Cancer
Genome Atlas (TCGA), there was insufficient sample data available
to identify mutations with a 5% or 10% frequency in any self-
reported race or ethnicity aside from white among PCa samples
[74]. However, while pathogenic BRCA mutations do not differ by
race, non-BRCA HRR mutations may differ by race/ancestry, such
as in CHEK2 mutations in men of Ashkenazi Jewish ancestry, and
MSI high disease may be more common in African American
patients (9 vs. 4% in one study) [75]. In a second study
pathogenic/likely pathogenic variants did not vary by race [76].
Further study is needed to elucidate diverse molecular alterations
in PCa and their respective pathogenic potentials.

We note that in many countries, HRD testing takes place as the
medical oncologist considers HRD therapeutic targeting. We agree
with this approach as we only recommend somatic/tumor testing
of patients with metastatic disease who may benefit from PARP
inhibition or ARSI combined with PARP inhibition or programmed
death-1 (PD-1) blockade. Germline testing is universally recom-
mended given the impact on family members and risk of reducing
future procedures as well as implications for screening.

BARRIERS TO GENETIC TESTING

Barriers to performing germline testing exist, especially among
racial minorities and rural patients. Systemic barriers include limited
access to counseling, insurance coverage or educational resources
and insufficient clinical capacity [74]. Patient barriers included poor
understanding of testing rationale and testing cost [77].

A retrospective analysis of 14,610 PCa patients found that
receipt of genetic counseling was the strongest predictor for
receipt of genetic testing [78]. Genetic counselors are trained to
gather family histories and provide pre and post-test counseling.
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However there is limited access to genetic counseling resources,
especially in remote areas. Providers not formally trained in
counseling are then forced to order tests and counsel, leading to
disparate testing patterns.

Unfortunately Medicare does not currently recognize genetic
counselors as healthcare providers, and Medicaid does not cover
genetic counseling in all states. Thus, while the testing is covered
by Medicare/Medicaid, providers not trained in such counseling
are forced to provide guidance. Since a huge portion of PCa
patients have Medicare/Medicaid, it is critical that providers are
given genetic testing training/resources such as the PCCTC
recommendations [79].

Patient mistrust of genetic testing is fed by concern over being
deprived insurance coverage or employment. Providers can
anticipate these concerns and assuage patient fears. The 2008
Genetic Information Nondiscrimination Act (GINA) provide legal
protections, assurances and safeguards against the misuse of
genetic information to patients. Title | of GINA prohibits healthcare
coverage discrimination using genetic information; Title Il similarly
prohibits employment discrimination. Importantly, GINA prohibits
health insurers from determining cost, coverage, policy eligibility,
or benefits based on genetic information/history.

Many patients need to be educated of GINA’s legal protections
[80]. However, presently no requirement exists for providers to
educate about these protections. Such counseling may assuage
patient fears about testing.

Unfortunately GINA does not protect life insurance eligibility or
cost. As a result, this remains a barrier for many patients who may
be financially dependent on a family member’s life insurance,
leading many patients to still decline genetic testing [80].

The cost of genomic testing varies significantly depending on
the testing ordered, the patient’s insurance coverage, and
whether a patient is eligible for financial assistance. This under-
scores the importance of establishing processes to overcome cost
barriers and reduce out-of-pocket costs for patients without
insurance.

CONCLUSIONS

Genetic and biomarker testing have revolutionized mCRPC,
bringing precision medicine into PCa. However, there are many
dimensions to genetic testing. Furthermore, multiple barriers exist
to the utilization and implementation of genetic testing. We
recommend germline testing for all patients with PCa after
informed decision making by practitioners (Fig. 1). We also
recommend somatic tumor and/or ctDNA testing once a diagnosis
of distant metastatic disease is made to have such critical,
actionable information available for subsequent treatment plan-
ning. Such testing could be considered for patients with regional
nodal metastatic disease. Testing implications relevant to either
the appropriate mCRPC or mHSPC setting will better inform
treatment decisions. In addition, repeat ctDNA testing may
provide additional informative results in the mCRPC setting to
detect novel actionable BRCA or MSI-high disease, especially if
initial HSPC tissue testing is not evaluable, available, or
uninformative. Improved testing methodology and understanding
of therapeutic implications coupled with continued decrease in
testing barriers will advance precision medicine in PCa.
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