
O R I G I N A L  R E S E A R C H

Homologous Recombination Repair Testing Patterns 
and Outcomes in mCRPC by Alteration Status and 
Race
Mehmet Asim Bilen1, Ibrahim Khilfeh2, Carmine Rossi3, Erik Muser2, Laura Morrison3, 
Annalise Hilts3, Lilian Diaz3, Patrick Lefebvre3, Dominic Pilon 3, Daniel J George4

1Department of Hematology and Medical Oncology, Emory University School of Medicine, Atlanta, GA, USA; 2Janssen Scientific Affairs, LLC, 
Horsham, PA, USA; 3Analysis Group, Inc., Montréal, QC, Canada; 4Department of Medicine, Duke University Cancer Center, Durham, NC, USA

Correspondence: Carmine Rossi, Analysis Group, Inc., 1190 avenue des Canadiens-de-Montréal, Tour Deloitte, Suite 1500, Montréal, QC, H3B 0G7, 
Canada, Tel +1 514-871-4233, Email carmine.rossi@analysisgroup.com 

Background: Alterations in DNA damage repair genes in advanced prostate cancer (PC) may impact responses to therapy and clinical 
outcomes. This study described homologous recombination repair (HRR) testing patterns and clinical outcomes among patients with 
metastatic castration-resistant prostate cancer (mCRPC) by HRR alteration status and race in the United States (US).
Methods: Clinical data in the nationwide (US-based) Flatiron Health-Foundation Medicine, Inc. (FMI) Metastatic PC Clinico- 
Genomic Database were evaluated (01/01/2011–12/31/2022). Patients initiating first-line (1L) mCRPC therapy on or after mCRPC 
diagnosis were included. Testing patterns, time-to-next treatment, overall survival (OS), and time-to-prostate specific antigen response 
were described.
Results: Of the 1367 patients with mCRPC and at least one HRR panel test prior to or on the date of 1L mCRPC therapy initiation, 
332 (24.3%) were HRR positive (White patients: n = 219 [66.0%]; Black patients: n = 37 [11.1%]) and 1035 (75.7%) were HRR 
negative (White patients: n = 702 [67.8%]; Black patients: n = 84 [8.1%]). The mean time between first positive test and 1L mCRPC 
therapy initiation date was 588 days (White patients: 589 days; Black patients: 639 days). Among HRR positive relative to negative 
patients, trends for faster progression (respective 12-month rate overall: 71.1% and 63.7%; White patients: 72.5% and 64.0%; Black 
patients: 65.4% and 56.4%), shorter OS (respective 24-month rate overall: 46.8% and 51.9%; White patients: 48.6% and 46.2%; Black 
patients: 52.8% and 54.1%), and decreased treatment response (respective 12-month rate overall: 24.3% and 37.9%; White patients: 
24.5% and 35.2%; Black patients: 17.0% and 43.9%) were observed.
Conclusion: Patients with mCRPC positive for HRR alterations tended to exhibit poorer treatment responses and clinical outcomes 
than those with a negative status. These findings highlight the importance of timely genetic testing in mCRPC, particularly among 
Black patients, and the need for improved 1L targeted therapies to address the unmet need in HRR positive mCRPC.
Keywords: burden of illness, electronic health records, homologous recombination repair genes, metastatic castration-resistant 
prostate cancer, next-generation sequencing testing, precision therapy

Introduction
Prostate cancer (PC) is the most common non-cutaneous cancer diagnosis and the second leading cause of cancer-related 
deaths among men in the United States (US).1,2 PC is more likely to develop in non-Hispanic Black men, who also 
exhibit the highest age-adjusted PC-related death rate among races.2 Patients diagnosed with early-stage PC generally 
have a favorable prognosis, but those with de novo metastatic disease have a dismal 5-year survival rate of 34.1%.2

For many years, androgen deprivation therapy (ADT) monotherapy was considered the standard of care for patients 
with metastatic and non-metastatic PC.3,4 Although patients may initially respond well to ADT, their disease typically 
progresses to castration-resistant prostate cancer (CRPC) after two to three years.5,6 Phase 3 trials of androgen-receptor 
signaling inhibitors (ARSIs) have proven superiority over ADT monotherapy in men with non-metastatic CRPC and 
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metastatic castration-sensitive prostate cancer.7,8 Among men with non-metastatic CRPC treated with ADT monotherapy, 
approximately 60% develop metastatic castration-resistant prostate cancer (mCRPC) within five years of CRPC 
diagnosis.9 In the last couple of decades, mCRPC therapies with different mechanisms of action, including ARSIs, 
taxane-based chemotherapy, immunotherapy, and radiopharmaceuticals have been shown to prolong survival;10–15 

however, mCRPC remains incurable, and the attrition rate between first-line (1L) and subsequent-line treatments has 
been shown to be about 45%,16 urging the search for more effective therapies, particularly in 1L.

With advances in our understanding of the molecular characteristics of mCRPC, recent efforts on mCRPC therapeutic 
development have focused on precision therapies that target specific gene alterations, particularly those associated with 
an aggressive disease course and those predictive of treatment responses.4,17,18 For instance, alterations in genes involved 
in the DNA homologous recombination repair (HRR) pathway in PC have been associated with more advanced disease 
and shorter cancer-specific survival.19–21 Tumors with HRR alterations are also more susceptible to therapies that impair 
alternative DNA repair pathways, such as poly ADP-ribose polymerase (PARP) inhibitors,18 and patients with mCRPC 
harboring HRR alterations treated with PARP inhibitors have shown improved outcomes including radiographic 
progression-free survival in phase 3 clinical trials compared to enzalutamide or abiraterone acetate,22–25 or in a phase 
2 efficacy and safety clinical trial.26

Genetic testing, given its utility in screening, risk assessment, management, and precision treatment for PC, has been 
integrated into guidelines and recommendations from professional organizations and includes recommendations for next- 
generation sequencing (NGS) assessment of germline and/or somatic alterations in men at risk of or diagnosed with 
metastatic PC.27 Notably, genetic studies of PC have largely focused on White patients.28,29 A recent study has 
highlighted the disparities in genetic testing engagement among African American men, which is concerning as this 
testing inequality likely reduces access to precision treatment for racial minorities.30

With the expanding guideline recommendations on genetic testing for HRR alterations, there is a need to characterize real- 
world testing patterns and clinical outcomes among patients with mCRPC to better understand testing trends and differences in 
disease course by HRR alteration status. This is particularly important for Black patients who have been underrepresented in 
genetic studies to ensure they are considered for biomarker-targeted therapeutic approaches in clinical practice. This study was 
conducted to understand NGS testing patterns and positivity rates for HRR alterations in men who have mCRPC, including 
subgroups of White or Black men, and to understand the unmet need that exists in HRR positive mCRPC as reflected by time- 
to-next treatment (TTNT), overall survival (OS), and prostate-specific antigen (PSA) response using electronic health record 
(EHR)-derived data.

Materials and Methods
Data Source
Data from the nationwide (US-based) Flatiron Health Metastatic PC EHR-derived database (hereafter “EHR-derived 
database”) were used to assess HRR alteration testing rates from 1 January 2013 to 31 December 2022 (see Study 
Measures and Outcomes: HRR Alteration Testing Rates [EHR-Derived Database] section). The EHR-derived database is 
a longitudinal database comprising de-identified patient-level structured and unstructured data from ~280 US cancer 
clinics (~800 sites of care) and curated via technology-enabled abstraction.31,32 The database included a sample of 
patients with chart-confirmed metastatic PC (International Classification of Diseases, Ninth/Tenth Revision, Clinical 
Modification [ICD-9-CM: 185.x or ICD-10-CM: C61.x]) with at least two documented clinical visits in the Flatiron 
Health network, on different days, occurring on or after 1 January 2013. The detailed clinical data extracted from 
structured EHRs, as well as unstructured data abstracted from physicians’ notes and other documents (through technol
ogy-enabled human abstraction and natural language processing, including manual review by a centralized team of 
clinically trained professionals with quality control measures such as logic checks), contained information on demo
graphics, diagnoses, visits, laboratory tests and vitals, medication administration, medication prescriptions and orders, 
performance status, and insurance data, and enhanced data elements on PC-related characteristics, including dates of 
initial/metastatic PC/CRPC diagnoses, lines of therapy (LOTs), PSA measurements, NGS testing dates (excluding 
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results), and mortality (mortality data were obtained from EHR sources as well as through linkages via deterministic 
matching with the Social Security Death Index and obituary data).

Because the EHR-derived database contains information on NGS testing dates but not the results, data from the 
nationwide (US-based) Flatiron Health-Foundation Medicine, Inc. (FMI) Metastatic PC Clinico-Genomic Database 
(hereafter “CGDB”), which contains information on patients with available NGS test results, was used to assess HRR 
testing patterns, alteration positivity rates, and clinical outcomes from 1 January 2011 to 30 June 2022. The CGDB does 
not include untested patients; and hence, it could not be used to determine HRR alteration testing rates. Retrospective 
longitudinal clinical data from the EHR-derived database were linked to genomic data derived from FMI comprehensive 
genomic profiling (CGP) tests in the CGDB by de-identified, deterministic matching.33 Genomic alterations were 
identified via CGP of >300 cancer-related genes on FMI’s NGS test and include tumor specimen features (eg, mutation 
burden, purity), alteration-level details (eg, reference and alternate alleles, allele frequency), and therapeutic recommen
dations reported to the physician at the time of testing.34–36

The study was considered exempt research under 45 CFR § 46.104(d)(4) as it involved only the secondary use of data 
that were de-identified in compliance with the Health Insurance Portability and Accountability Act (HIPAA), specifically, 
45 CFR § 164.514. The research was conducted according to the principles of the Declaration of Helsinki. Flatiron 
Health, Inc., and FMI did not participate in data analyses.

Study Design
A retrospective longitudinal cohort study design was used to assess clinical outcomes. The index date was defined as the 
date of the start of 1L therapy on or after the date of mCRPC diagnosis. The baseline period was the 12 months preceding 
the index date. The observation period spanned from the index date to the end of clinical activity or data availability (ie, 
30 June 2022).

Lines of Therapy
Oncologist-defined, rule-based LOTs (in which a LOT was originally numbered starting from a CRPC diagnosis) were 
renumbered such that 1L was defined as the line started on or after mCRPC diagnosis. The beginning of a LOT for 
mCRPC was defined as the date of treatment initiation that was on or after the mCRPC diagnosis date. For the most 
recent LOT, the LOT end date was defined as the date of last patient-level structured activity or the last day of the month 
where death was recorded, if observed. For all other LOT, the end date was the day before the start date of the next LOT. 
Treatments initiated within 28 days of the start of a LOT were considered part of the same LOT. ADT, either in 
monotherapy or in combination with other advanced PC-related therapies, was not considered as part of a LOT.

Patient Population
Patients from the EHR-derived database and CGDB were included in the study if they met the following inclusion 
criteria: 1) had a chart-confirmed diagnosis of metastatic PC; 2) had confirmed CRPC based on Flatiron Health’s 
algorithm incorporating i) physician-reported CRPC in medical chart, ii) observed rising PSA values while on hormone 
therapy, or iii) physician-documented rising PSA on hormone therapy plus a change in treatment; 3) were ≥18 years of 
age at mCRPC diagnosis (ie, latter of the date of chart-confirmed metastasis or CRPC); 4) initiated ≥1 LOT on or after 
mCRPC diagnosis; and 5) had ≥12 months of observation prior to the index date. Patients from the CGDB were 
additionally required to have ≥1 NGS HRR panel test prior to or on the index date.

For both the EHR-derived database and CGDB, patients were excluded if they used a clinical trial medication as part 
of 1L therapy for mCRPC.

Patients were classified into the HRR positive cohort or the HRR negative cohort based on testing results observed 
any time prior to or on the index date for eight out of nine alterations included as screening criteria in the MAGNITUDE 
trial (NCT03748641; a phase 3, randomized, placebo-controlled trial of niraparib and abiraterone acetate plus prednisone 
in mCRPC; pathogenic gene alterations evaluated included ATM, BRCA1, BRCA2, BRIP1, CDK12, CHEK2, FANCA, 
and/or PALB2; HDAC2 testing is not available in FMI data).22
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Study Measures and Outcomes
HRR Alteration Testing Rates (EHR-Derived Database)
HRR alteration testing rates were assessed among patients in the EHR-derived database based on all NGS HRR panel 
tests received prior to or on the date of 1L mCRPC therapy initiation, reported by calendar year of 1L mCRPC therapy 
initiation (ie, 2013–2022).

HRR Alteration Testing Patterns and Positivity Rates (CGDB)
HRR alteration positivity rates were assessed among patients in the CGDB and defined as the proportion of patients with 
at least one positive test result for any HRR alteration (ie, HRR positive) among all patients with at least one NGS HRR 
panel test received prior to or on the date of 1L mCRPC therapy initiation. HRR alteration positivity rates were reported 
overall and separately for specific alterations and for co-occurring alterations (see Patient Population section).

The following testing patterns were measured among patients with HRR positive results received before 1L mCRPC therapy 
and were described based on the date the specimen was collected in the CGDB: 1) time from first positive test to the date of 1L 
mCRPC therapy initiation; 2) metastatic disease at first positive test and time from metastasis to first positive test; 3) castrate- 
resistant disease at first positive test and time from castrate-resistant disease to first positive test; 4) type of testing used at first 
positive test (ie, tumor tissue or blood; of note, the first observed specimen collection for a tissue test was on 4 January 2001, and 
the first observed specimen collection for a liquid test was on 20 June 2016); and 5) type of alteration (ie, somatic, germline, 
unknown, missing).

HRR alteration positivity rates and testing patterns were also assessed cumulatively over the entire observation period (ie, 
across patients’ entire observed medical history) to account for repeated testing as well as for cases in which patients received 
initial NGS HRR alteration testing after the date of 1L mCRPC therapy initiation. Additionally, to understand retesting patterns 
and the potential value of retesting, the following were described among patients with at least one negative test followed by 
a subsequent positive test: 1) time between the first and second test; 2) type of testing (ie, tissue or liquid) used for the first 
and second tests; and 3) disease stage (ie, localized PC, non-metastatic CRPC, metastatic castration-sensitive PC, and mCRPC) at 
first and second tests.

Clinical Outcomes (CGDB)
Clinical outcomes, including TTNT, OS, and prostate-specific antigen 90 (PSA90) response were assessed among the 
HRR positive and HRR negative cohorts during the observation period. TTNT was included as a study outcome given it 
may serve as a proxy for disease progression in databases that do not routinely capture this information.37 PSA90 
response was included as a study outcome given its association with long-term clinical benefit in CRPC.38

TTNT was defined as the time from 1L initiation (index date) to the start of second-line (2L) therapy or the use of 
clinical trial medication.

OS was defined as the time from the index date to the date of death from any cause. Mortality information in the 
EHR-derived database is presented as the month and year of death. The date of death was imputed as the last date of 
clinical activity observed during that month. If no clinical activity was observed in the month of death, the death date was 
imputed as the 15th of the respective month.

PSA90 response was defined as a decline of ≥90% in PSA from the most recent baseline value obtained within 13 
weeks prior to and including the date of 1L initiation.

Statistical Analysis
Baseline patient characteristics and HRR alteration testing rates and patterns were described using means, standard 
deviations, and medians for continuous variables, and frequencies and proportions for categorical variables.

Kaplan-Meier (KM) analysis was used to assess the proportion of patients initiating the next treatment (ie, 2L) and the 
proportion achieving PSA90, both up to 12 months post-index, as well as the proportion of patients who were alive up to 24 
months post-index; the median TTNT, OS, and PSA90 time were also reported, if observed. All time-to-event analyses were 
censored at the earliest of 1) the date of the first positive HRR alteration (for HRR negative patients only); 2) end of clinical 
activity; 3) end of data availability (30 June 2022); or 4) 1L therapy end date (PSA90 response only).
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All analyses were descriptive (ie, no formal statistical testing or generated p-values) and were not adjusted for 
potential baseline confounders between the HRR positive and HRR negative cohorts. All results were also stratified by 
race (ie, White patients or Black patients; data by ethnicity were not available); patients with non-White/non-Black or 
unknown race were included in the overall HRR positive or negative cohorts. HRR alteration testing rates were also 
stratified by academic or community-based practice settings.

Results
HRR Alteration Testing Rates
From 2013 to 2022, 30.4% (2628 of 8638) patients included in the EHR-derived database were tested for HRR 
alterations at any time (White patients: 30.2% [1666 of 5524]; Black patients: 29.4% [252 of 858]). More specifically, 
8.9% (767 of 8638) patients included in the EHR-derived database were tested for HRR alterations prior to or on the date 
of 1L mCRPC therapy initiation (Figure 1). Stratified by race, the HRR alteration testing rate before 1L mCRPC was 
9.2% (506 of 5524) among White patients and 7.3% (63 of 858) among Black patients. Stratified by practice setting, the 
HRR alteration testing rate before 1L mCRPC was 7.8% (574 of 7323) among patients from community-based practices 
and 14.7% (160 of 1085) among patients from academic-based practices (Supplemental Figure 1).

Over time, HRR alteration testing rates prior to or on the date of 1L mCRPC therapy in the EHR-derived database 
increased from 0.0% in 2013 to 26.7% in 2022 (White patients: 0.0% to 26.4%; Black patients: 0.0% to 24.5%).

Baseline Characteristics of Patients from the CGDB
A total of 1367 patients with mCRPC and at least one NGS HRR panel test prior to or on the date of 1L mCRPC therapy 
initiation were included from the CGDB (Figure 2). Of these patients, 332 (24.3%) were HRR positive, among whom 
219 (66.0%) were White patients and 37 (11.1%) were Black patients; 1035 (75.7%) were HRR negative, among whom 
702 (67.8%) were White patients and 84 (8.1%) were Black patients.

Overall, the mean age was 70 years in the HRR positive cohort (White patients: 70 years; Black patients: 68 years) 
and 71 years in the HRR negative cohort (White patients: 71 years; Black patients 68 years) (Table 1). During the 

Figure 1 Proportion of patients in the EHR-derived database with ≥1 NGS test prior to or on the date of 1L therapy initiation, by calendar yeara,b. 
Notes: aTesting rates are reported based on the calendar year of 1L mCRPC therapy initiation and include all HRR panel tests prior to or on the date of 1L mCRPC therapy 
initiation. bPatients with non-White/non-Black or unknown race were included in the “all patients” population. 
Abbreviations: 1L, first-line; EHR, electronic health record; HRR, homologous recombination repair; mCRPC, metastatic castration-resistant prostate cancer; NGS, next- 
generation sequencing.
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baseline period, most patients in both cohorts were treated at community-based oncology practices (HRR positive: 
82.2%; HRR negative: 79.5%). The most frequently used medications as a component of 1L mCRPC therapy were 
abiraterone acetate (HRR positive: 27.7%; HRR negative: 30.1%), enzalutamide (HRR positive: 25.9%; HRR negative: 
30.6%), and docetaxel (HRR positive: 20.5%; HRR negative: 20.3%). Olaparib was used by 12.3% of HRR positive 
patients.

HRR Alteration Positivity Rates and Testing Patterns Prior to or on the Date of 1L 
mCRPC
Among patients included in the CGDB, at the time of the first NGS test, 603 (44.1%) patients had metastatic castration- 
sensitive PC, 394 (28.8%) had localized PC, 332 (24.3%) had mCRPC, and 38 (2.8%) had non-metastatic CRPC. Over 
time, the proportion of patients with mCRPC at the time of the first NGS test has increased (Supplemental Figure 2). At 
the time of the first positive NGS HRR panel test, 246 (74.1%) HRR positive patients had metastatic disease and 99 

Figure 2 Selection of the study population from the CGDB. 
Notes: aContinuous clinical activity was defined as the period from the first to last record in the EHR-derived database observed across all component tables. bPatients with 
non-White/non-Black or unknown race were included in the overall HRR positive and HRR negative populations. 
Abbreviations: 1L, first-line; CGDB, Clinico-Genomic Database; EHR, Electronic Health Records; HRR, homologous recombination repair; mCRPC, metastatic castration- 
resistant prostate cancer; NGS, next-generation sequencing.

https://doi.org/10.2147/CEOR.S468680                                                                                                                                                                                                                                

DovePress                                                                                                                                 

ClinicoEconomics and Outcomes Research 2024:16 662

Bilen et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=468680.docx
https://www.dovepress.com
https://www.dovepress.com


Table 1 Baseline Demographic and Clinical Characteristics of Patients from the CGDB

All Patients White Patients Black Patients

HRR 
Positive

HRR 
Negative

HRR 
Positive

HRR 
Negative

HRR 
Positive

HRR 
Negative

N=332 N=1035 N=219 N=702 N=37 N=84

Age, years, mean ± SD [median] 70 ± 9 [72] 71 ± 9 [72] 70 ± 9 [71] 71 ± 8 [71] 68 ± 8 [69] 68 ± 8 [68]

Race, n (%)

White 219 (66.0) 702 (67.8) 219 (100.0) 702 (100.0) 0 (0.0) 0 (0.0)

Black 37 (11.1) 84 (8.1) 0 (0.0) 0 (0.0) 37 (100.0) 84 (100.0)

Other 50 (15.1) 164 (15.8) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Unknown 20 (6.0) 72 (7.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Insurance plan type, n (%)

Medicare 144 (43.4) 515 (49.8) 96 (43.8) 371 (52.8) 14 (37.8) 24 (28.6)

Commercial 130 (39.2) 363 (35.1) 90 (41.1) 237 (33.8) 15 (40.5) 43 (51.2)

Medicaid 6 (1.8) 23 (2.2) 3 (1.4) 9 (1.3) 2 (5.4) 5 (6.0)

Dual coverage 9 (2.7) 16 (1.5) 2 (0.9) 7 (1.0) 3 (8.1) 2 (2.4)

Unknown 43 (13.0) 118 (11.4) 28 (12.8) 78 (11.1) 3 (8.1) 10 (11.9)

Practice type, n (%)

Community only 252 (75.9) 761 (73.5) 161 (73.5) 480 (68.4) 27 (73.0) 73 (86.9)

Academic only 59 (17.8) 212 (20.5) 45 (20.5) 185 (26.4) ≤10 ≤10

Academic and community 21 (6.3) 62 (6.0) 13 (5.9) 37 (5.3) ≤10 ≤10

Disease stage at initial PC diagnosis, n (%)

Localized PC 182 (54.8) 602 (58.2) 122 (55.7) 406 (57.8) 22 (59.5) 50 (59.5)

mCSPC 150 (45.2) 433 (41.8) 97 (44.3) 296 (42.2) 15 (40.5) 34 (40.5)

Gleason score at initial PC diagnosis, n (%)

≤6 17 (5.1) 35 (3.4) 12 (5.5) 19 (2.7) 4 (10.8) 2 (2.4)

7 36 (10.8) 193 (18.6) 25 (11.4) 143 (20.4) 3 (8.1) 15 (17.9)

8 66 (19.9) 181 (17.5) 44 (20.1) 117 (16.7) 9 (24.3) 22 (26.2)

9 107 (32.2) 387 (37.4) 73 (33.3) 282 (40.2) 10 (27.0) 19 (22.6)

10 46 (13.9) 75 (7.2) 31 (14.2) 53 (7.5) 5 (13.5) 4 (8.2)

Not available 60 (18.1) 164 (15.8) 34 (15.5) 88 (12.5) 6 (16.2) 22 (26.2)

Time from mCRPC diagnosis to initiation of 1L therapy, days, mean ± SD 
[median]

201 ± 363 
[60]

187 ± 291 
[70]

176 ± 335 
[55]

185 ± 283 
[70]

163 ± 237 
[30]

196 ± 269 
[83]

Year of 1L mCRPC therapy initiation (index date), n (%)

Prior to 2017 31 (9.3) 167 (16.1) 22 (10.0) 130 (18.5) ≤6 (8.1) 10 (11.9)

2017–2018 65 (19.6) 224 (21.6) 47 (21.5) 170 (24.2) ≤6 (16.2) 16 (19.0)

2019 54 (16.3) 139 (13.4) 35 (16.0) 102 (14.5) 7 (18.9) 8 (9.5)

2020 61 (18.4) 197 (19.0) 42 (19.2) 124 (17.7) ≤6 (10.8) 20 (23.8)

2021 80 (24.1) 217 (21.0) 54 (24.7) 120 (17.1) 8 (21.6) 19 (22.6)

2022 41 (12.3) 91 (8.8) 19 (8.7) 56 (8.0) 9 (24.3) 11 (13.1)

Most recent ECOG performance scorea, n (%)

≥1 ECOG score 238 (71.7) 661 (63.9) 156 (71.2) 422 (60.1) 28 (75.7) 62 (73.8)

0 107 (45.0) 298 (45.1) 72 (46.2) 196 (46.4) 12 (42.9) 31 (50.0)

1 105 (44.1) 277 (41.9) 71 (45.5) 179 (42.4) 12 (42.9) 20 (32.3)

2 22 (9.2) 69 (10.4) 12 (7.7) 37 (8.8) 2 (7.1) 9 (14.5)

3 or 4 4 (1.7) 17 (2.6) 1 (0.6) 10 (2.3) 2 (7.1) 2 (3.2)

Time between most recent ECOG score and index date, months,  
mean ± SD [median]

2 ± 6 [0] 1 ± 5 [0] 1 ± 5 [0] 1 ± 4 [0] 4 ± 10 [0] 1 ± 3 [0]

Top 5 treatments used in 1L mCRPC, n (%)

Abiraterone acetate 92 (27.7) 312 (30.1) 61 (27.9) 216 (30.8) 11 (29.7) 27 (32.1)

Enzalutamide 86 (25.9) 317 (30.6) 59 (26.9) 214 (30.5) 9 (24.3) 28 (33.3)

Docetaxel 68 (20.5) 210 (20.3) 40 (18.3) 131 (18.7) 13 (35.1) 15 (17.9)

Sipuleucel-T 29 (8.7) 94 (9.1) 25 (11.4) 70 (10.0) ≤5 ≤5

Radium-223 12 (3.6) 60 (5.8) 10 (4.6) 44 (6.3) ≤5 ≤5

Prior use of ADTb, n (%) 331 (99.7) 1022 (98.7) 219 (100.0) 695 (99.0) 37 (100.0) 82 (97.6)

Notes: aThe most recent ECOG score was considered at any time prior to and including the index date. bPrior use of ADT medication was defined as any ADT at any time 
prior to (and excluding) the index date. 
Abbreviations: 1L, first-line; ADT, androgen deprivation therapy; CGDB, Clinico-Genomic Database; ECOG, Eastern Cooperative Oncology Group; HRR, homologous recombina
tion repair; mCRPC, metastatic castration-resistant prostate cancer; mCSPC, metastatic castration-sensitive prostate cancer; PC, prostate cancer; SD, standard deviation.
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(29.8%) were castrate-resistant (Table 2). Among White patients, the number of HRR positive patients with metastatic 
and castrate-resistant disease were 164 (74.9%) and 67 (30.6%); and among Black patients, 23 (62.2%) and 8 (21.6%), 
respectively.

Tumor tissue testing was the most frequent testing method used among HRR positive patients (overall: 75.6%; White 
patients: 76.3%; Black patients: 73.0%). Somatic and germline alterations were observed in 97 (29.2%) and 73 (22.0%) 
of HRR positive patients, respectively (White patients: 25.1% and 26.5%, respectively; Black patients: 56.8% and 2.7%, 
respectively); the type of alteration was unknown in 50.3% (White patients: 47.5%; Black patients: 45.9%) and missing 
in 25.0% (White patients: 27.4%; Black patients: 24.3%) of HRR positive patients.

The mean (median) time between first positive test for any HRR alteration and the date of 1L mCRPC therapy 
initiation among HRR positive patients was 588 (423) days (White patients: 589 [436] days; Black patients: 639 
[526] days).

Among the 1367 patients tested prior to or on the date of 1L therapy initiation, 113 (8.3%) had BRCA1/2-positive 
alterations and 232 (17.0%) had non-BRCA1/2-positive alterations. The distribution of specific HRR alterations was as 
follows: BRCA2: 7.2%, CDK12: 6.4%, ATM: 6.1%, CHEK2: 3.2%, BRCA1: 1.2%, PALB2: 1.1%, FANCA: 0.9%, and 
BRIP1: 0.7% (Figure 3). A total of 31 patients (2.3%) had co-occurring HRR alterations, among whom 14 had co- 
occurring BRCA1/2 alterations, and 17 had non-BRCA1/2 co-occurring alterations (Supplemental Table 1).

Stratified by race, the proportions of tested patients with BRCA1/2-positive alterations and non-BRCA1/2-positive 
alterations were numerically higher in Black patients (11.6% and 21.5%, respectively) than in White patients (7.7% and 
17.0%, respectively; Figure 4). Co-occurring HRR alterations were observed in 3.3% of Black patients and 2.4% of 
White patients (Figure 4 and Supplemental Table 1).

Table 2 HRR Alteration Testing Patterns Evaluated in the CGDB Prior to or on the Date of 1L mCRPC Therapy Initiation

HRR Positive

All Patients White Patients Black Patients
N=332 N=219 N=37

Time between first positive test for any HRR gene and 1L mCRPC therapy initiation, 
days, mean ± SD [median]

588 ± 606 [423] 589 ± 631 [436] 639 ± 556 [526]

Metastatic disease at first positive test, n (%) 246 (74.1) 164 (74.9) 23 (62.2)

Time from metastatic date to first positive test, days, mean ± SD [median] 298 ± 528 [3] 293 ± 520 [3] 191 ± 323 [0]
Castrate-resistant disease at first positive test n (%) 99 (29.8) 67 (30.6) 8 (21.6)

Time from castrate-resistance date to first positive test, days, mean ± SD [median] 547 ± 621 [370] 546 ± 618 [379] 482 ± 454 [445]

Disease stage at first positive test, n (%)
Localized PC 79 (23.8) 49 (22.4) 14 (37.8)

nmCRPC 7 (2.1) 6 (2.7) 0 (0.0)

mCSPC 154 (46.4) 103 (47.0) 15 (40.5)
mCRPC 92 (27.7) 61 (27.9) 8 (21.6)

Type of testing used, n (%)

Tumor tissue 251 (75.6) 167 (76.3) 27 (73.0)
Blood 81 (24.4) 52 (23.7) 10 (27.0)

Type of alterationa, n (%)

Somatic 97 (29.2) 55 (25.1) 21 (56.8)
Germline 73 (22.0) 58 (26.5) 1 (2.7)

Unknown 167 (50.3) 104 (47.5) 17 (45.9)

Missing 83 (25.0) 60 (27.4) 9 (24.3)

Note: aAlteration types were not mutually exclusive as patients could have multiple mutations tests or ≥2 different mutations. 
Abbreviations: 1L, first-line; CGDB, Clinico-Genomic Database; HRR, homologous recombination repair; mCRPC, metastatic castration-resistant prostate cancer; 
mCSPC, metastatic castration-sensitive prostate cancer; nmCRPC, non-metastatic castration-resistant prostate cancer; PC, prostate cancer; SD, standard deviation.
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HRR Alteration Retesting Patterns and Positivity Rates for Patients with More Than 
One Test Over the Entire Observation Period
A total of 2640 patients with mCRPC received at least one NGS test at any time, including 1739 White patients and 268 
Black patients. Overall, 1911 (72.4%) patients had at least one negative test for any HRR alteration (White patients: 
72.9%; Black patients: 70.5%); and 197 (7.5%) patients had at least two NGS HRR panel tests (White patients: 7.5%; 
Black patients: 7.1%) (Table 3).

All the 197 patients with at least two HRR panel tests were observed to have at least one negative test, the mean 
(median) time between tests was 930 (516) days (White patients: 1024 [597] days; Black patients: 503 [267] days). Out 

Figure 3 HRR alteration positivity rates evaluated in the CGDB prior to or on the date of 1L mCRPC therapy initiationa. 
Note: aHRR alteration positivity rates were not mutually exclusive, as patients could test positive for ≥2 different alterations. 
Abbreviations: 1L, first-line; CGDB, Clinico-Genomic Database; HRR, homologous recombination repair; mCRPC, metastatic castration-resistant prostate cancer.

Figure 4 HRR alteration positivity rates evaluated in the CGDB prior to or on the date of 1L mCRPC therapy initiation, by racea. 
Note: aHRR alteration positivity rates were not mutually exclusive, as patients could test positive for ≥2 different alterations. 
Abbreviations: 1L, first-line; CGDB, Clinico-Genomic Database; HRR, homologous recombination repair; mCRPC, metastatic castration-resistant prostate cancer.
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of these 197 retested patients, 27 (13.7%) patients had at least one subsequent positive test for any HRR alteration (White 
patients: 13.0%; Black patients: 15.8%), 13 (48.1%) had a liquid biopsy on both the first and second tests (White patients: 
35.3%; Black patients: 100%). Overall, about half of these patients had mCRPC at the time of the first test (51.9%), and 
almost all patients had mCRPC at the time of the subsequent positive test (96.3%). The proportion of White patients with 
mCRPC at the time of first test and at subsequent positive test was 47.1% and 94.1%, respectively; and that of Black 
patients was 33.3% and 100%, respectively.

Time-to-Next Treatment
Overall, the median TTNT from the start of 1L therapy was 6.8 months for HRR positive patients (White patients: 6.6 
months; Black patients: 6.6 months) and 8.1 months for HRR negative patients (White patients: 8.1 months; Black 
patients: 10.5 months) (Figure 5a and b).

The rates of initiation of a subsequent LOT (ie, 2L) among HRR positive and HRR negative patients were 17.4% and 
15.2% at 3 months, 44.2% and 37.3% at 6 months, and 71.1% and 63.7% at 12 months, respectively. Stratified by race, 
the rates of initiation of a subsequent LOT among HRR positive and HRR negative White patients were 18.7% and 
14.3% at 3 months, 46.1% and 36.8% at 6 months, and 72.5% and 64.0% at 12 months, respectively; and among HRR 
positive and HRR negative Black patients were 9.1% and 19.1% at 3 months, 32.6% and 29.0% at 6 months, and 65.4% 
and 56.4% at 12 months, respectively.

Overall Survival
Overall, the median OS after starting 1L therapy was 23.0 months for HRR positive patients (White patients: 23.7 
months; Black patients 21.4 months) and 25.5 months for HRR negative patients (White patients: 26.4 months; Black 
patients: 26.8 months) (Figure 6a and b).

OS rates among HRR positive and HRR negative patients were 74.5% and 76.7% at 12 months and 46.8% and 51.9% 
at 24 months, respectively. Stratified by race, OS rates among HRR positive and HRR negative White patients were 

Table 3 HRR Alteration Retesting Patterns and Positivity Rates Evaluated in the CGDB for Patients with More Than One Test 
Over the Entire of the Observation Perioda,b

All Patients White Patients Black Patients

N=2640 N=1739 N=268

≥1 negative test for any HRR genes, n (%) 1911 (72.4) 1267 (72.9) 189 (70.5)
≥2 HRR panel tests, n (%) 197 (7.5) 131 (7.5) 19 (7.1)

Time between first and second HRR panel test, days, mean ± SD [median] 930 ± 1040 [516] 1024 ± 1077 [597] 503 ± 535 [267]

≥1 subsequent positive test for any HRR genes, n (%) 27 (13.7) 17 (13.0) 3 (15.8)
Type of testing used at first and second tests, n (%)

Negative liquid biopsy test to positive liquid biopsy test 13 (48.1) 6 (35.3) 3 (100.0)

Negative tissue biopsy test to positive liquid biopsy test 8 (29.6) 6 (35.3) 0 (0.0)
Negative liquid biopsy test to positive tissue biopsy test 3 (11.1) 2 (11.8) 0 (0.0)

Negative tissue biopsy test to positive tissue biopsy test 3 (11.1) 3 (17.6) 0 (0.0)

Disease stage at first negative test, n (%)
Localized PC 4 (14.8) 4 (23.5) 0 (0.0)

nmCRPC 4 (14.8) 2 (11.8) 2 (66.7)

mCSPC 5 (18.5) 3 (17.6) 0 (0.0)
mCRPC 14 (51.9) 8 (47.1) 1 (33.3)

Disease stage at subsequent positive test, n (%)

mCRPC 26 (96.3) 16 (94.1) 3 (100.0)
mCSPC 1 (3.7) 1 (5.9) 0 (0.0)

Notes: aHRR rates were assessed over the entire observation period to account for repeated testing and were not limited to tests before the date of 1L mCRPC 
therapy initiation. bAmong patients who tested positive for any HRR alteration and had a subsequent HRR panel test, HRR positivity was consistently observed. 
Abbreviations: CGDB, Clinico-Genomic Database; HRR, homologous recombination repair; mCRPC, metastatic castration-resistant prostate cancer; mCSPC, 
metastatic castration sensitive prostate cancer; nmCRPC, non-metastatic castration-resistant prostate cancer; PC, prostate cancer; SD, standard deviation.
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75.7% and 76.4% at 12 months and 48.6% and 46.2% at 24 months, respectively; and among HRR positive and HRR 
negative Black patients were 81.0% and 82.7% at 12 months and 52.8% and 54.1% at 24 months, respectively.

Time-to-PSA90 Response
The median time-to-PSA90 response was not reached in all cohorts. Overall, PSA90 response rates among HRR positive 
and HRR negative patients were 12.7% and 15.1% at 3 months, 19.5% and 25.6% at 6 months, and 24.3% and 37.9% at 
12 months, respectively (Figure 7a). Among White HRR positive patients, PSA90 response rates were 12.1% at 3 
months, 18.7% at 6 months, and 24.5% at 12 months, while PSA90 response rates were 13.6% at 3 months, 23.5% at 6 
months, and 35.2% at 12 months for White HRR negative patients (Figure 7b). Among Black HRR positive patients, 
PSA90 response rates were 17.0% at 3, 6, and 12 months, while PSA90 response rates were 25.6% at 3 months, 37.6% at 
6 months, and 43.9% at 12 months for Black HRR negative patients.

Figure 5 Time-to-next-treatment (a) among all patients in 1L and (b) among White and Black patients in 1La,b. 
Notes: aTTNT was defined as the time from 1L start date to 2L start date (including clinical trial medications). bTTNT was censored at the earliest of i) HRR conversion date 
(negative to positive only), ii) end of clinical activity (including death), or iii) end of data availability. 
Abbreviations: 1L, first-line; 2L, second-line; HRR, homologous recombination repair; TTNT, time-to-next treatment.
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Discussion
This retrospective EHR-based study found that between 2013 and 2022, less than 10% of the patients with mCRPC in the 
EHR-derived database received NGS HRR alteration testing prior to initiating 1L therapy. In the CGDB cohort, patients 
largely received ARSIs and taxane-based chemotherapy as 1L mCRPC therapy, likely due to the approval timing of 
PARP inhibitors for mCRPC in the year 2020 that had limited their availability during the current study period.39,40 

Among those in the CGDB cohort, HRR positive patients tended to progress faster to the next treatment and have 
numerically shorter survival than HRR negative patients. The median OS of approximately 2 years is consistent with 
prior evidence in mCRPC in the pre-PARP inhibitor era,16,41 reflecting a need for therapeutic interventions that 
effectively delay progression and prolong survival. In addition, a numerically lower proportion of HRR positive than 
HRR negative patients achieved a PSA90 response, which may suggest a lack of treatment response or resistance to 
medications among HRR positive patients, as supported by their numerically shorter TTNT relative to HRR negative 

Figure 6 Overall survival (a) among all patients in 1L and (b) among White and Black patients in 1La,b. 
Notes: aOS was defined as the time from 1L start date to the date of death. bOS was censored at the earliest of i) HRR conversion date (negative to positive only), ii) end of 
clinical activity, or iii) end of data availability. 
Abbreviations: 1L, first-line; HRR, homologous recombination repair; OS, overall survival.
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patients. Stratified results suggested that trends in poorer clinical outcomes among HRR positive patients were similarly 
observed in both races, with the differences by HRR alteration status being generally more evident among Black patients.

While NGS HRR alteration testing rates have increased since 2013, potentially due in part to advancement in testing 
techniques as well as increasing integration of genetic testing in treatment guidelines and insurance policies,4,27,42 they 
remain low. In 2022, only about 1 in 4 treated patients with mCRPC were tested for HRR alterations, and testing rates 
generally appeared lower among Black patients than White patients, despite observing a trend toward a higher mutational 
burden among Black patients in this study. With the expansion of clinical guideline recommendations that advocate for 

Figure 7 Time-to-PSA90 (a) among all patients in and (b) among White and Black patients in 1La,b. 
Notes: aTime-to-PSA90 was defined as the time from 1L start to the first observed decline ≥90% from the latest baseline value obtained no later than 13 weeks prior to or 
on the index date, evaluated among patients with a latest baseline PSA value obtained no later than 13 weeks prior to or on the index date. bTime-to-PSA90 was censored at 
the earliest of i) HRR conversion date (negative to positive only) or ii) 1L end date (ie, the earliest of the day before the start of 2L, end of clinical activity [including death], 
or end of data availability). 
Abbreviations: 1L, first-line; 2L, second line; HRR, homologous recombination repair; NR, not reached; PSA, prostate-specific antigen.
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genetic testing in metastatic PC and the multiple precision therapies approved or in the pipeline,27 HRR alteration testing 
rates may further rise in the coming years. However, additional efforts are needed to address disparities in genetic testing 
among Black patients. The underlying causes of the disparities are multifactorial and may include lack of access to 
genetic counseling and education, healthcare system mistrust, and social determinants of health (eg, income, insurance 
status).43,44 Strategies to reduce racial disparities in genetic testing may help promote equitable and tailored genetic 
management for all patients with mCRPC.30

The observation of increasing HRR alteration testing rates over time is consistent with a prior US EHR-based study 
investigating real-world genetic testing patterns in patients with mCRPC, which reported increasing testing rates for all 
HRR alterations assessed (including ATM, BRCA1/2, CDK12, PALB2, and FANCA) from 2013 to 2018.45 However, in 
that study, 13% of the patients had a documented genetic test over the study period, which is higher than the 8.9% found 
in the EHR-derived database in the current study. The apparent discrepancy in testing rate is potentially because the 
current study focused on HRR alteration testing before 1L mCRPC therapy initiation, and the test must be performed 
using NGS panels, which were not requirements in the prior study.45

The HRR alteration positivity rate among patients in the CGDB was approximately 25%, which aligns with the 
prevalence range of germline/somatic HRR alterations in mCRPC reported in previous studies.46,47 It is worth noting that 
variability in tissue and plasma assays is expected in patients based on sample characteristics, tumor biology, and disease 
status.27 These variables may sometimes lead to false negative results, potentially contributing to the underestimation of 
HRR alteration positivity rates. For instance, evaluation of HRR alteration status via circulating tumor DNA in blood can 
result in a false negative finding if tumor DNA content in blood is below the assay’s detection level,48 and detection of 
large structural alterations such as homozygous deletions is challenging with plasma assays.49 Tumor tissue testing may 
also be susceptible to false negative results, as tumor tissue is heterogeneous and different tumor cells within the same 
tumor, or between metastatic lesions, may show distinct genetic alterations.14 In addition, archival tumor tissue samples 
are often used when patients develop metastasis as metastatic samples may be inaccessible, particularly for metastasis in 
bone, which is the most common metastatic site in mCRPC. The quantity and/or quality of archival tumor tissues may 
lead to invalid test results.46 Therefore, repeated testing may be of value in clinical practice.27 In this study, 13.7% of the 
retested patients had a subsequent positive test for any HRR alteration after an initial negative test, underscoring the 
potential value of retesting. It should nonetheless be noted that whether this observation is due to an inadequate initial 
test or the acquisition of a new somatic alteration cannot be determined.

The current descriptive findings on TTNT, OS, and PSA90 response reflect poorer clinical outcomes among HRR 
positive patients relative to HRR negative patients with mCRPC. Given the observed differences by HRR alteration 
status, genetic testing may be useful in identifying patients who may benefit from more targeted approaches to 
mCRPC treatment. Of note, due to the timing of the current study, most of the patients had received ARSIs and 
taxane-based chemotherapy for mCRPC. In this context, findings from existing studies on the impact of HRR 
alterations on clinical outcomes of patients with mCRPC treated with these therapies are conflicting.50–54 It has 
been suggested that the treatment type and treatment sequence received may have interacted with HRR alteration 
status and contributed to the discordant findings,55 a phenomenon that warrants further examinations. Importantly, 
with the introduction of PARP inhibitors to the mCRPC armamentarium in recent years,14 future real-world studies 
should assess potential differences in clinical outcomes of patients with mCRPC treated with precision therapies in 
routine clinical practice to provide further insight on the value of genetic testing in delivering personalized care in 
mCRPC.

Findings of this study should be interpreted considering certain limitations. First, EHR-derived databases may contain 
inaccuracies or omissions (eg, diagnosis dates, treatment start dates, etc.), although these are expected to be random and 
impact all patients equally. Second, diagnoses or medical services obtained outside the Flatiron Health network were not 
captured; additionally, patients selected from the EHR-derived database may not be representative of the entire popula
tion of patients with mCRPC in the US, or in non-US settings, which may limit the generalizability of the study. 
Furthermore, all patients included in the CGDB have sought genetic testing; these patients may be more attentive to their 
health or have better access to healthcare relative to the general population, which may further impact the generalizability 
of the study. Third, HRR alteration testing is subject to errors during blood/tissue sampling and laboratory procedures, 
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which may potentially affect the observed positivity rates and testing patterns. Fourth, ADT was not considered in the 
definition of a LOT and therefore patients who only used ADT in monotherapy after diagnosis of mCRPC were excluded. 
Fifth, differential censoring could be possible given that patients censored at the time of HRR status switch (ie, change in 
HRR alteration status from negative to positive) may have different disease profile and clinical outcomes compared to 
those who maintained a constant HRR status and remained in the study. Sixth, the time-to-PSA response may be subject 
to measurement error, which may be differential if the prescribing physician’s behavior led to more frequent PSA testing, 
depending on the choice of patient’s treatment regimen. Seventh, the sequence of treatment received by patients, which 
was not factored in this study, could influence the incidence of somatic alterations and confound the treatment responses 
assessed. Lastly, this was a descriptive study with no formal comparisons, significance testing, or adjustments for 
confounders performed; any differences between cohorts cannot be interpreted as statistically significant.

Conclusions
While NGS HRR alteration testing rates in the US increased from 0.0% in 2013 to 26.7% in 2022, rates remained 
relatively low with only about 1 in 4 treated patients with mCRPC being tested for HRR alterations in 2022, years after 
integration of genetic testing into clinical guideline recommendations. Relative to HRR negative patients, those who 
tested positive for HRR alterations tended to have faster progression from 1L to 2L treatment, shorter survival, and 
reduced PSA90 response, suggesting a greater unmet treatment need for these patients. In the context of newer precision 
therapies targeting HRR alteration(s), this study highlights the potential value of genetic testing for patients with 
mCRPC, particularly for Black patients, who have been underrepresented, and who may have a higher burden of HRR 
alterations. Observations here further emphasize the increased need for testing and additional precision therapies for 
earlier use in mCRPC.
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