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ABSTRACT 

Background Approximately half of ovarian high-grade serous carcinomas (HGSC) have homologous 

recombination deficiency (HRD). However, HRD is not well-characterized in Black individuals. 

 

Objective To characterize HGSC HRD by self-reported race and evaluate whether differences in HRD 

are associated with ovarian cancer mortality.  

 

Study population Cohort study using data collected from two population-based case-control studies of 

ovarian cancer. Cases were selected based on self-reported race (178 Black, 123 White) and 

pathologically-confirmed HGSC.   

 

Exposures HRD features identified using matched tumor-normal whole-exome DNA sequencing and 

categorized as germline or somatic variants in homologous recombination pathway genes, or the SBS3 

HRD-associated signature.  

 

Outcomes Median difference and 95% confidence intervals (CI) for age at diagnosis and tumor mutation 

burden, and age and stage-adjusted hazard ratios (HR) and 95%CIs for survival, comparing individuals 

with an HRD feature to those without, separately by self-reported race.  

 

Results More of the germline and somatic variants detected among Black individuals compared with 

White individuals were unannotated or variants of uncertain significance (VUS; germline 65% versus 

45%; somatic 62% versus 50%, respectively). While the prevalences of many HRD features were similar 

between Black individuals and White individuals, Black individuals had a higher prevalence of the HRD 

signature identified using de novo mutational signature analysis (40% versus 29%) and germline BRCA2 

variants (8% versus 2%) compared with White individuals. We observed that among Black individuals, 

BRCA2 variants were associated with better survival (somatic HR=0.23, 95%CI 0.07–0.76; germline 
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HR=0.48, 95%CI 0.22–1.03), while germline BRCA1 variants were associated with worse survival 

(HR=2.11, 95%CI 1.14–3.88). When we restricted to VUS and unannotated variants, we observed similar 

associations with survival for BRCA2 among Black individuals (somatic HR=0.18, 95%CI 0.04-0.75; 

germline HR=0.40, 95%CI 0.15–1.09).  

 

Conclusions and Relevance HRD testing informs precision-based medicine approaches that improve 

outcomes, but a higher proportion of VUS among Black individuals may complicate referral for such 

care. Our findings emphasize the importance of recruiting diverse individuals in genomics research and 

better characterizing VUS. 
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INTRODUCTION 

Ovarian cancer is the sixth leading cause of cancer-related death in women and is comprised of multiple 

histotypes.1-3 High-grade serous carcinoma (HGSC)—the most common histotype—is usually diagnosed 

at a late stage. While HGSC initially responds to surgical debulking and chemotherapy, most patients 

relapse, resulting in poor survival.4 Approximately 50% of HGSC have genetic or epigenetic alterations in 

homologous recombination pathway genes, most commonly in BRCA1 and BRCA2, leading to 

homologous recombination deficiency (HRD).5 HRD is associated with higher tumor mutation burden 

(TMB) and these tumors are more responsive to chemotherapy leading to better patient survival.6-9 

Genetic testing to inform risk-reducing surgery has contributed to prevention of ovarian cancer among 

BRCA carriers and tumor HRD testing has informed the use of poly(ADP-ribose) polymerase (PARP) 

inhibitors which have shown effectiveness in improving progression-free survival in patients with HRD-

positive ovarian cancer.10,11  

 

The survival benefit from these advances may not be equally distributed across all racial and ethnic 

groups. While ovarian cancer mortality is declining, the rate of decrease among Black individuals is half 

that of White individuals.12 Compared with White individuals, Black individuals are less likely to be 

referred for genetic testing due to family history, less likely to complete testing following a referral, and 

less likely to undergo prophylactic salpingo-oophorectomy if they have a pathogenic risk variant.13-18 

Further, our understanding of HRD in HGSC is informed by research in predominately White populations 

and therefore enriched for HRD features specific to White populations.19-26 This may contribute to higher 

rates of variants of uncertain significance (VUS) among Black individuals, further complicating treatment 

referral as VUS cannot be used to inform clinical decision-making.23,24,27-29  

 

Characterizing HRD among Black individuals with HGSC is of particular importance given prior studies 

that report HRD may be more prevalent in tumors from Black individuals with various cancer 

types.23,24,30-32 While prior studies observed variation in germline BRCA1 and BRCA2 variants by 
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geography and ancestry, characterization of this variation is still limited and few studies have evaluated 

population differences in somatic mutations, non-BRCA genes, or within specific ovarian cancer 

histotypes.19-26 Here, we characterize HRD in 178 Black and 123 White individuals with HGSC and 

evaluate the degree to which HRD features are associated with tumor mutation burden, age at diagnosis, 

and survival in each population.  

 

METHODS 

Study Population 

Our cohort included individuals with pathologically confirmed HGSC, 178 who self-reported Black race 

(“SchildkrautB”) and 123 who self-reported White race (“SchildkrautW”), enrolled in one of two 

population-based case-control studies of newly diagnosed epithelial ovarian cancer, the African American 

Cancer Epidemiology Study (AACES), and the North Carolina Ovarian Cancer Study (NCOCS).33-36 

AACES included individuals ages 20 to 79 years, self-reporting Black race, and diagnosed between 

2010–2015. Individuals eligible for NCOCS were ages 20 to 74 years at diagnosis and diagnosed between 

1999–2005. Institutional Review Board (IRB) approval was obtained for patient recruitment, sample 

collection, and research. Written informed consent was received from all NCOCS participants. All 

AACES participants provided verbal consent for interview and written consent for blood or saliva sample 

collection. Both study populations signed release forms for medical records and tissue samples. HGSC 

histotype was confirmed by centralized pathology review. Age at diagnosis was extracted from 

questionnaires and pathology reports. Stage, debulking status, and receipt of neoadjuvant therapy were 

obtained from medical records, pathology reports, and cancer registries. Vital status was determined from 

cancer registries, direct physician contact, and the National Death Index. First-degree family history of 

breast and ovarian cancer was self-reported in questionnaires. White individuals were matched to Black 

individuals on 5-year age categories and oversampled for early stage prior to tumor sequencing (eFigure 

1).  
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HRD Features 

Germline and somatic variants were identified through whole-exome sequencing in matched germline and 

formalin-fixed paraffin embedded tumor samples. We excluded benign and likely benign variants and 

restricted to germline variants with a quality score of ≥99.9 for SNVs and 98.0 for INDELs, read depth 

and genotype quality ≥10, alternative read proportion between 20%–80%, and minor allele frequency 

<0.5% and somatic variants passing Strelka’s empirical variant score model with tumor read depth  ≥30, 

tumor allele fraction ≥15%, normal allele frequency <5%, quality score ≥15, and population frequency 

<1%.  

 

In our primary analyses we included genes involved in the homologous recombination pathway and 

recommended by the 2020 American Society for Clinical Oncology (ASCO) guidelines to be prioritized 

in epithelial ovarian cancer germline genetic testing: BRCA1, BRCA2, RAD51C, RAD51D, BRIP1, 

PALB2.37 We categorized HRD features as germline variants or somatic mutations in (1) BRCA1; (2) 

BRCA2; (3) any other prioritized gene in the ASCO guidelines (labeled as any non-BRCA ASCO 

prioritized gene in tables and figures) (4) any ASCO prioritized gene (any ASCO prioritized gene); (5) 

HRD signature identified using de novo mutational signature analysis using SigProfilerExtractor; (6) any 

HRD which included individuals with one or more of the features described above.35,38 We reported the 

prevalence of potentially pathogenic variants in these categories and the proportion of potentially 

pathogenic variants annotated as pathogenic/likely pathogenic in ClinVar and VUS or unannotated in 

ClinVar separately by self-reported race.  

 

Because the ASCO prioritized gene list is based on evidence for susceptibility not outcomes, we 

performed sensitivity analyses including additional homologous recombination pathway genes: ATM, 

ATR, ATRX, BARD1, BLM, CHEK1, CHEK2, FANCC, FANCD2, FANCE, FANCF, FANCG, FANCI, 

FANCL, FANCM, MRE11A, NBN, PALB2, RAD50, RAD51, RAD51B, RAD52, RAD54L, RPA1.37  
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Statistical Analysis 

We estimated the difference in the median tumor mutation burden (TMB) defined by the number of 

somatic mutations per megabase (Mb) and age at diagnosis for individuals with an HRD feature 

compared with those without using unadjusted linear models and calculating 95%CI, separately by self-

reported race. We used Cox proportional hazards regression to calculate HRs for associations between the 

presence of the HRD feature and all-cause mortality adjusting for age and stage, separately by self-

reported race. We tested for an interaction with race on the multiplicative scale. We repeated analyses 

restricting to VUS and unannotated variants. All analyses were performed in R version 4.2.2 (Vienna, 

Austria). 

 

RESULTS 

Study Population  

Debulking status was available for 119 Black individuals and 34 White individuals, and among those, 

optimal debulking was achieved in 61% and 88%, respectively. A first-degree family history of ovarian 

cancer was reported by 9% of individuals in both groups while a first-degree family history of breast 

cancer was reported by 34% of Black individuals and 20% of White individuals (Table 1). 

 

HRD Features, by Self-Reported Race 

Germline variants in BRCA1 were identified in 7% of Black individuals and 10% of White individuals 

(p=0.45) (Table 1). The majority of germline BRCA1 variants in Black individuals (7/13) and White 

individuals (11/12) were nonsense; however, more missense variants were identified in Black individuals 

(5/13) compared with White individuals (1/12) and a single splice site variant was identified in Black 

individuals but not White individuals (Figure 1). Almost all germline BRCA1 variants in White 

individuals occurred in the large exon 11 (chr17:43094860-43091435, GRCh38) (Figure 2A). In Black 

individuals, germline BRCA1 variants were more dispersed and only 4 of 13 variants occurred in exon 11. 
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The prevalence of germline BRCA2 variants was higher in Black individuals (8%) compared with White 

individuals (2%, p=0.012, Table 1, Figure 1). Germline BRCA2 variants in both groups were missense or 

nonsense. Over half of the 15 BRCA2 variants in Black individuals were unannotated, including 6 

nonsense and 2 missense variants (Table 2). Other germline BRCA2 variants in Black individuals 

included 5 pathogenic or likely pathogenic and 2 VUS both which were missense (Figure 1). Almost half 

of the germline BRCA2 variants in Black individuals occurred in the large exon 11 (chr13:32336265-

32341196, GRCh38) (Figure 2B). Even after manual review, only two germline variants were identified 

in White individuals including a missense VUS and an unannotated nonsense variant (Figure 1 and Figure 

2B). 

 

Somatic BRCA1 mutations were identified in 5% of Black individuals and 9% of White individuals 

(p=0.18). We observed more frame shift deletions in BRCA1 in White individuals compared with Black 

individuals (Figure 1 and Figure 2). Somatic BRCA2 mutations were identified in 5% of Black individuals 

and 2% of White individuals (p=0.53). The majority of somatic BRCA2 mutations in Black individuals 

were unannotated. Unannotated variants included frame shift deletions, missense, and changes in the 

3’UTR. A single pathogenic splice site mutation was identified in Black individuals but not White 

individuals (Figure 1 and Figure 2B). Most somatic BRCA1 and BRCA2 mutations occurred in exon 11 of 

the respective gene in both groups (Figure 2). 

 

The HRD signature was observed in 40% of Black individuals compared with 29% of White individuals 

(p=0.047) (Table 1). Including the HRD signature and a somatic or germline alteration in any ASCO 

prioritized gene, any HRD was observed in 50% of Black individuals and 47% of White individuals 

(p=0.44).  

 

HRD Features and tumor mutation burden, age at diagnosis, and survival 
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Irrespective of self-reported race, germline variants in any ASCO prioritized gene, the HRD signature and 

any HRD were associated with an increase in TMB (Table 3). Germline and somatic BRCA1 and BRCA2 

variants were associated with an increase in TMB in Black individuals (Table 3). The median age at 

diagnosis among individuals with germline BRCA1 variants was younger than individuals without, and 

the difference was similar in Black individuals (7.34 years, 95%CI 1.87–12.81) and White individuals 

(7.76 years, 95%CI 2.30–13.23, Table 3). 

 

Among Black individuals, BRCA2 variants were associated with better survival (somatic HR=0.23, 

95%CI 0.07–0.76; germline HR=0.48, 95%CI 0.22–1.03, Table 4). Germline BRCA1 variants were 

associated with worse survival in Black individuals (HR=2.11, 95%CI 1.14–3.88) but not in White 

individuals (HR=0.89, 95%CI 0.47–1.70). The presence of the HRD signature was associated with better 

survival in both groups (Black HR=0.80, 95%CI 0.55–1.16; White HR=0.81, 95%CI 0.53–1.25), as was 

any HRD (Black HR=0.80, 95%CI 0.56–1.16; White HR=0.76, 95%CI 0.51–1.13). We did not observe a 

statistically significant interaction between any HRD feature and race (Table 3). 

 

VUS and Unannotated Variants 

A higher proportion of germline variants in any ASCO prioritized gene were VUS or unannotated in 

Black individuals (n=22/34, 65%, Figure 1 and Table 2) compared with White individuals (n=8/18, 45%) 

while a lower proportion were pathogenic or likely pathogenic in Black individuals (n=12/34, 35%) 

compared with White individuals (10/18, 56%). The proportion of somatic mutations in any ASCO 

prioritized gene that were VUS or unannotated was also higher in Black individuals (n=13/21, 62%) 

compared with White (n=10/14, 50%). 

 

When we restricted to VUS and unannotated variants, similar patterns were observed for the associations 

between HRD features and TMB (Table 3). Individuals with germline BRCA1 variants were diagnosed at 

an earlier age compared to those without in White individuals (10.9 years, 95%CI 3.95–17.85). BRCA2 
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variants continued to be associated with better survival in Black individuals (somatic HR=0.18, 95%CI 

0.04–0.75; germline HR=0.40, 95%CI 0.15–1.09, Table 4). 

 

Other Homologous Recombination Pathway Genes 

The prevalence of germline variants in the HRD genes not prioritized in the ASCO recommendations for 

genetic testing was 11% in Black individuals and 7% in White individuals (p=0.20, eTable 1), and the 

prevalence of somatic mutations was 11% in Black individuals and 13% in White individuals (p=0.60). 

Somatic mutations in these genes were associated with an increase in the median TMB in Black 

individuals (0.54 mutation per Mb, 95%CI 0.06–1.02, eTable 2) and White individuals (0.88 mutation per 

Mb, 95%CI 0.33–1.44) and were associated with better survival (Black HR=0.52, 95%CI 0.28–0.98; 

White HR=0.70, 95%CI 0.39–1.25; eTable 3). We did not observe associations between germline variants 

in these genes and TMB or age at diagnosis. However, germline variants were associated with better 

survival in Black individuals (HR=0.73, 95%CI 0.39–1.39).  

 

Discussion  

In this study of HRD in HGSC by self-reported race, unselected for family history or mutation status, we 

found that a greater proportion of variants in HRD genes detected among Black individuals were VUS or 

unannotated, and that these variants in some HRD genes were associated with survival and differences in 

the median TMB. While germline and tumor testing for HRD informs precision-based medicine 

approaches that improve outcomes, a higher proportion of VUS among Black individuals may complicate 

referral for such care. These findings emphasize the need for continued efforts to characterize variants 

among racially and ethnically diverse cohorts and to leverage in silico and functional assays to better 

characterize VUS. 

 

Prior studies have estimated that ~30% of HGSC have a genomic alteration in homologous recombination 

pathway genes, most commonly BRCA1 (germline 9–12% and somatic 3–8%) and BRCA2 (germline 8% 
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and somatic 3–4%), and another ~20% have an epigenetic alteration in BRCA1 or BRCA2.5,39 In our 

cohort, the prevalences of any genomic alteration, germline and somatic BRCA1 variants, and somatic 

BRCA2 mutations were similar to prior reports. However, the prevalence of germline BRCA2 variants was 

lower in White individuals compared to Black individuals in our study population and compared to prior 

studies.5,39 We also observed that the prevalence of the SBS3 HRD-associated signature was higher in 

Black individuals compared with White (40% and 29%, respectively). Given that SBS3 does not reflect 

copy number alterations, it is not unexpected that the prevalence is below 50%, indicating that some 

individuals were likely misclassified as HRD-negative. However, we would not expect misclassification 

to be differential, and while differences in sequencing methods, target coverage, and variant filtering may 

explain differences across studies, these methods were nearly identical for Black and White individuals in 

our study population. Additionally, it has been reported that there is a higher prevalence of HRD features 

in breast, lung, and prostate cancers in Black individuals compared to White individuals30-32, which is 

consistent with our observation in HGSC.  

 

Inequities in genetic testing and risk-reducing surgery could have influenced the observed distribution of 

variants in HRD genes. However, the uptake of genetic testing for BRCA among all populations remains 

relatively low and was higher during the enrollment period for AACES (2010–2015) compared to 

NCOCS (1999-2005).40,41 Additionally, if a higher prevalence of hereditary HGSC was due to lower rates 

of risk-reducing surgery, we would anticipate observing a higher prevalence of germline variants in all 

genes used in genetic testing. However, germline BRCA1 variants were more common among White 

individuals compared with Black individuals. A prior study of families with BRCA alterations reported 

that a higher proportion of BRCA2 variants among Black individuals localized to genomic regions 

associated with an elevated ovarian cancer risk compared with variants in White individuals.20 This study 

observed the opposite pattern for BRCA1 variants with a higher proportion localizing to the elevated risk 

region in White individuals compared with Black individuals. These findings along with observed 
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variation in BRCA variants by geographic region suggest that differences may relate to differences in 

genetic ancestry.19-26  

 

If the prevalence of HRD features differs at a population level, it would be expected that Black 

individuals would experience better survival. However, racial disparities in survival are well documented 

and are in part due to inequities in receipt of guideline-concordant care.42-49 For example, Black 

individuals are less likely to receive targeted treatments and be referred for genetic testing due to a family 

history.13,14,50 We observed a higher prevalence of HRD features in Black individuals compared with 

White, and an identical prevalence of ovarian cancer family history in Black and White individuals, 

suggesting that at the very least, both populations would benefit equally from genetic testing. However, 

more variants detected in Black individuals were VUS or unannotated. A higher burden of VUS among 

Black individuals has been reported previously and is due to differences in genetic variation across 

populations and inequitable representation in genomics research.23,24,27-29 This may diminish the efficacy 

of genetic testing as VUS are not used for clinical decision-making.37 We observed that VUS and 

unannotated variants were associated with survival suggesting that these variants could be important 

clinically. 

 

In 2020, ASCO published its guidelines for ovarian cancer germline and tumor genetic testing which 

included recommending germline testing for BRCA1, BRCA2, and other susceptibility genes at the time of 

diagnosis, and somatic testing for BRCA1/BRCA2 in women without a germline pathogenic or likely 

pathogenic BRCA variant.37 Other susceptibility genes prioritized in ASCO recommendation included 

RAD51C, RAD51D, BRIP1, and PALB2.28,51-59 Other homologous recombination pathway genes not 

prioritized for genetic testing were mentioned but evidence supporting associations with ovarian cancer 

risk were inconclusive. Somatic mutations in these genes were associated with higher TMB and better 

survival among Black individuals highlighting the need to understand these genes in the context of 

ovarian cancer outcomes. 
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Limitations  

Individuals in our study were recruited as part of interview-based studies, which likely introduced 

survivorship bias. However, prior work suggests that survival is similar to SEER populations after 

conditioning on surviving 10-months, and methods for recruitment, data collection, and genomic assays 

were nearly identical in Black and White individuals which likely mitigated differential bias.60 Whole-

exome sequencing may have missed some large BRCA rearrangements and the distribution of HRD was 

not evaluated by genetic ancestry. Sample size limited statistical precision in our analyses and led to 

imprecise point estimates for some HRD features and survival particularly among White individuals. 

Further, our study population was limited to Black and White individuals to understand racial disparities 

in survival for Black individuals, and high rates of VUS have been reported in other racial and ethnic 

groups. Addressing disparities in understanding of HRD requires further research characterizing HRD 

across all racial and ethnic groups.  

 

CONCLUSIONS 

Black individuals had a higher prevalence of HRD features associated with better survival, including the 

HRD signature identified using de novo mutational signature analysis, and germline BRCA2 variants 

compared with White individuals. However, more of the germline variants and somatic mutations 

detected among Black individuals compared with White individuals were VUS or unannotated. These 

findings suggest that precision medicine strategies for HRD may be particularly important for Black 

individuals; however, a higher proportion of VUS may complicate referral for such care. Our findings 

emphasize the need to recruit diverse individuals in genomics research. 
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 Table 1. Characteristics of high-grade serous ovarian cancer cohort, by self-reported race 
  Black 

(n=178) 
White  

(n=123) p-
value� 

Participant characteristics No. (%) No. (%) 
Age at Diagnosis†         0.93 

35–39 5 (2.8%) 3 (2.4%)  
40–44 12 (6.7%) 8 (6.5%)  
45–49 17 (9.6%) 16 (13%)  
50–54 28 (16%) 18 (15%)  
55–59 37 (21%) 24 (20%)  
60–64 31 (17%) 26 (21%)  
65–69 20 (11%) 14 (11%)  
≥ 70 28 (16%) 14 (11%)  

Stage†         0.13 
FIGO I/II 35 (20%) 16 (13%)  
FIGO III/IV 141 (80%) 105 (87%)  
Unknown 2   2    

Debulking Status         0.003 
Optimal 73 (61%) 30 (88%)  
Suboptimal 46 (39%) 4 (12%)  
Unknown 59   89    

First-Degree Family History          
Ovarian Cancer 14 (8.8%) 10 (8.6%) 0.97 
Breast Cancer 55 (34%) 23 (20%) 0.01 

Germline‡          
BRCA1 13 (7.3%) 12 (9.8%) 0.45 
BRCA2 15 (8.4%) 2 (1.6%) 0.012 
RAD51C 2 (1.1%) 3 (2.4%) 0.4 
RAD51D 0 (0%) 0 (0%)  
BRIP1 2 (1.1%) 1 (0.8%) 1 
PALB2 2 (1.1%) 0 (0%) 0.52 
Any Non-BRCA ASCO Prioritized 

Gene§ 
6 (3.4%) 4 (3.3%) 1 

Any ASCO Prioritized Gene 33 (19%) 18 (15%) 0.37 
Somatic‡          

BRCA1 9 (5.1%) 11 (8.9%) 0.18 
BRCA2 8 (4.5%) 3 (2.4%) 0.53 
RAD51C 0 (0%) 0 (0%)  
RAD51D 1 (0.6%) 0 (0%) 1 
BRIP1 2 (1.1%) 0 (0%) 0.52 
PALB2 0 (0%) 0 (0%)  
Any Non-BRCA ASCO Prioritized 

Gene§ 
3 (1.7%) 0 (0%) 1 

Any ASCO Prioritized Gene 19 (11%) 14 (11%) 0.85 
HRD Signature 72 (40%) 36 (29%) 0.047 
Any HRD 92 (52%) 58 (47%) 0.44 
Median TMB (Range) 1.38 (0.22, 4.42) 1.32 (0.08, 4.52) 0.11 
Abbreviation: FIGO, International Federation of Gynecology and Obstetrics; HRD, homologous recombination deficiency; TMB, tumor mutation 
burden; ASCO, American Society of Clinical Oncology; PV, pathogenic variant; PPV, potentially pathogenic variant; PPGV, potentially 
pathogenic germline variant. 
*Unless otherwise indicated. 
†Frequency matched on 5-year age category and White cases oversampled for early stage prior to sequencing. 
‡HRD categories are not mutually exclusive. Some cases had variants in >1 genes. 
§Non-BRCA category includes alterations in RAD51C, RAD51D, BRIP1, and PALB2.  
�P-value calculated using Fisher’s exact test; Pearson’s Chi-squared test; Wilcoxon rank sum test. 
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Table 2. Clinical significance of germline and somatic potential pathogenic variants identified in homologous recombination pathway genes prioritized in 
ASCO’s recommendations for genetic testing in individuals with HGSC, by self-reported race 
 Black Individuals White Individuals 
 All Potential 

Pathogenic 
Variants 

Pathogenic & 
Likely 

Pathogenic 
Variants 

VUS & 
Unannotated 

Variants 

All Potential 
Pathogenic 

Variants 

Pathogenic & 
Likely Pathogenic 

Variants 

VUS & 
Unannotated 

Variants 

 No. No. (%) No. (%) No. No. (%) No. (%) 
Germline           

BRCA1 13 7 (54%) 6 (46%) 12 6 (50%) 6 (50%) 
BRCA2 15 5 (33%) 10 (67%) 2 0 (0%) 2 (100%) 
RAD51C 2 0 (0%) 2 (100%) 3 3 (100%) 0 (0%) 
RAD51D 0 0 (0%) 0 (0%) 0 0 (0%) 0 (0%) 
BRIP1 2 0 (0%) 2 (100%) 1 1 (100%) 0 (0%) 
PALB2 2 0 (0%) 2 (100%) 0 0 (0%) 0 (0%) 
Any Non-BRCA ASCO Prioritized 

Gene§ 
6 0 (0%) 6 (100%) 18 10 (56%) 8 (44%) 

Any ASCO Prioritized Gene 34 12 (35%) 22 (65%) 18 10 (56%) 8 (45%) 
Somatic           

BRCA1 9 4 (44%) 5 (56%) 11 6 (55%) 5 (46%) 
BRCA2 8 3 (38%) 5 (63%) 3 1 (33%) 2 (67%) 
RAD51C 0 0 (0%) 0 (0%) 0 0 (0%) 0 (0%) 
RAD51D 1 0 (0%) 1 (100%) 0 0 (0%) 0 (0%) 
BRIP1 2 1 (50%) 1 (50%) 0 0 (0%) 0 (0%) 
PALB2 0 0 (0%) 0 (0%) 0 0 (0%) 0 (0%) 
Any Non-BRCA ASCO Prioritized 

Gene§ 
3 1 (33%) 2 (67%) 14 7 (50%) 7 (50%) 

Any ASCO Prioritized Gene 21 8 (38%) 13 (62%) 14 7 (50%) 7 (50%) 
Abbreviation: FIGO, International Federation of Gynecology and Obstetrics; HRD, homologous recombination deficiency; TMB, tumor mutation burden; ASCO, American Society of Clinical 
Oncology. 
*HRD categories are not mutually exclusive. Some cases had variants in >1 genes. 
 †Non-BRCA category includes alterations in RAD51C, RAD51D, BRIP1, and PALB2. 
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Table 3. Associations between homologous recombination deficiency features and tumor mutation burden and age at diagnosis, by self-reported race for all potentially pathogenic 
variants, and restricting to variants of uncertain significance and unannotated variants 

 Median difference between those with HRD feature and those without (95% CI) 
 Median TMB Age at Diagnosis 

 Black (n=178) White (n=123) Black (n=178) White (n=123) 

HRD Feature 
All Potential 
Pathogenic 

Variants 

VUS & 
Unannotated 

Variants 

All Potential 
Pathogenic 

Variants 

VUS & 
Unannotated 

Variants 

All Potential 
Pathogenic 

Variants 

VUS & 
Unannotated 

Variants 

All Potential 
Pathogenic 

Variants 

VUS & 
Unannotated 

Variants 
Germline*         
BRCA1         

No Ref Ref Ref Ref Ref Ref Ref Ref 
Yes 0.73 (0.16, 1.31) 0.78 (0.07, 1.49) -0.07 (-0.54, 0.39) -0.18 (-0.77, 0.42) -7.34 (-12.81, -1.87) -2.78 (-10.81, 5.25) -7.76 (-13.23, -2.30) -10.90 (-17.85, -

3.95) 
BRCA2         

No Ref Ref Ref Ref Ref Ref Ref Ref 
Yes 0.53 (0.07, 0.99) 0.27 (-0.29, 0.83) 0.36 (-0.72, 1.45) 0.36 (-0.72, 1.45) -0.49 (-5.72, 4.73) -0.30 (-6.6, 6.00) -6.02 (-19.21, 7.17) -6.02 (-19.21, 7.17) 

Non-BRCA 
ASCO 
Prioritized† 

        

No Ref Ref Ref Ref Ref Ref Ref Ref 
Yes -0.28 (-0.99, 0.44) -0.28 (-0.99, 0.44) 1.51 (0.78, 2.23) 0.64 (-0.12, 1.41) -1.92 (-9.95, 6.12) -1.92 (-9.95, 6.12) 8.35 (-0.96, 17.66) 1.11 (-8.32, 10.54) 

Any ASCO 
Prioritized 

        

No Ref Ref Ref Ref Ref Ref Ref Ref 
Yes 0.48 (0.15, 0.81) 0.33 (-0.07, 0.73) 0.37 (-0.01, 0.76) 0.17 (-0.27, 0.62) -3.58 (-7.27, 0.12) -1.07 (-5.57, 3.42) -4.14 (-8.81, 0.54) -6.84 (-12.14, -1.54) 

Somatic*         
BRCA1         

No Ref Ref Ref Ref Ref Ref Ref Ref 
Yes 1.02 (0.45, 1.59) 1.26 (0.50, 2.02) 0.24 (-0.24, 0.72) 0.01 (-0.69, 0.71) -1.48 (-8.10, 5.14) -2.87 (-11.64, 5.91) -4.46 (-10.27, 1.35) -1.27 (-9.74, 7.20) 

BRCA2         
No Ref Ref Ref Ref Ref Ref Ref Ref 
Yes 0.53 (-0.09, 1.15) 0.69 (-0.02, 1.41) 0.07 (-0.82, 0.96) -0.29 (-1.38, 0.8) 2.69 (-4.31, 9.68) 2.57 (-5.46, 10.60) 4.01 (-6.82, 14.83) -0.94 (-14.17, 

12.29) 
Any Non-
BRCA ASCO 
Prioritized† 

        

No Ref Ref Ref Ref Ref Ref Ref Ref 
Yes -0.02 (-1.03, 0.98) 0.37 (-0.85, 1.6) - * -0.19 (-11.46, 

11.09) 
3.35 (-10.41, 17.11) - * 

Any ASCO 
Prioritized 

        

No Ref Ref Ref Ref Ref Ref Ref Ref 
Yes 0.63 (0.22, 1.04) 0.79 (0.29, 1.29) 0.21 (-0.22, 0.64) -0.08 (-0.67, 0.51) 0.38 (-4.32, 5.08) 0.61 (-5.18, 6.39) -2.65 (-7.90, 2.59) -1.21 (-8.43, 6.01) 

HRD 
Signature 

        

No Ref Ref Ref Ref Ref Ref Ref Ref 
Yes 1.09 (0.88, 1.3) - 0.67 (0.39, 0.95) - -2.5 (-5.44, 0.43) - -2.44 (-6.09, 1.21) - 

Any HRD         
No Ref Ref Ref Ref Ref Ref Ref Ref 
Yes 1.00 (0.79, 1.21) - 0.56 (0.31, 0.82) - -4.16 (-7.00, -1.33) - -3.96 (-7.24, -0.69) - 

Abbreviation: FIGO, International Federation of Gynecology and Obstetrics; HRD, homologous recombination deficiency; TMB, tumor mutation burden; ASCO, American Society of Clinical Oncology. *HRD categories are 
not mutually exclusive. Some cases had variants in >1 genes. †Non-BRCA category includes alterations in RAD51C, RAD51D, BRIP1, and PALB2. 
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Table 4. Hazard ratios (HR) and 95% confidence intervals (CI) associating presence of homologous recombination deficiency feature with all-cause mortality, by self-reported 
race 

 Black (n=176) White (n=121)  
Interaction

�  
All Potential Pathogenic 

Variants VUS & Unannotated Variants All Potential Pathogenic 
Variants VUS & Unannotated Variants 

HRD Feature 
No 

deaths/ 
cases 

Adjusted HR  
(95% CI)‡ 

No 
deaths/ 
cases 

Adjusted HR  
(95% CI)‡ 

No 
deaths/ 
cases 

Adjusted HR  
(95% CI)‡ 

No 
deaths/ 
cases 

Adjusted HR  
(95% CI)‡ p-value 

Germline Variants*                
BRCA1             0.10 

No 108/163 Ref 115/170 Ref 93/109 Ref 99/114 Ref  
Yes 13/13 2.11 (1.14, 3.88) 6/6 1.47 (0.64, 3.39) 11/12 0.89 (0.47, 1.70) 5/7 0.53 (0.21, 1.35)  

BRCA2             0.18 
No 114/161 Ref 117/166 Ref 102/119 Ref 102/119 Ref  
Yes 7/15 0.48 (0.22, 1.03) 4/10 0.40 (0.15, 1.09) 2/2 1.50 (0.37, 6.12) 2/2 1.50 (0.37, 6.12) 

 Any Non-BRCA ASCO 
Prioritized Gene† 

            
0.48 

No 118/171 Ref 118/171 Ref 102/117 Ref 100/117 Ref 
 Yes 3/5 0.65 (0.2, 2.04) 3/5 0.65 (0.2, 2.04) 2/4 0.30 (0.07, 1.24) 4/4 2.95 (1.07, 8.11) 
 

Any ASCO Prioritized Gene             0.60 
No 99/144 Ref 109/156 Ref 89/103 Ref 93/108 Ref  
Yes 22/32 0.90 (0.56, 1.45) 12/20 0.68 (0.37, 1.24) 15/18 0.73 (0.42, 1.27) 11/13 0.96 (0.50, 1.84)  Somatic Mutations*             

 BRCA1             0.81 
No 114/167 Ref 118/171 Ref 93/110 Ref 99/116 Ref 

 Yes 7/9 1.17 (0.54, 2.53) 3/5 0.84 (0.27, 2.68) 11/11 1.26 (0.67, 2.38) 5/5 1.38 (0.56, 3.40) 
 BRCA2             0.42 

No 118/168 Ref 119/170 Ref 102/118 Ref 102/119 Ref  
Yes 3/8 0.23 (0.07, 0.76) 2/6 0.18 (0.04, 0.75) 2/3 0.61 (0.15, 2.48) 2/2 0.82 (0.20, 3.33)  

Any Non-BRCA ASCO 
Prioritized Gene† 

            
 

No 118/173 Ref 119/174 Ref 104/121 Ref 104/121 Ref 
 Yes 3/3 2.29 (0.72, 7.32) 2/2 1.87 (0.45, 7.67) 0/0 - 0/0 - 
 Any ASCO Prioritized Gene             0.36 

No 108/157 Ref 114/164 Ref 91/107 Ref 97/114 Ref 
 Yes 13/19 0.70 (0.39, 1.27) 7/12 0.48 (0.22, 1.06) 13/14 1.08 (0.6, 1.94) 7/7 1.15 (0.53, 2.50) 
 HRD Signature             0.99 

No 70/104 Ref    75/85 Ref     
Yes 51/72 0.80 (0.55, 1.16)    29/36 0.81 (0.53, 1.25)     Any HRD             0.87 
No 57/85 Ref    56/63 Ref     
Yes 64/91 0.80 (0.56, 1.16)    48/58 0.76 (0.51, 1.13)     

Abbreviation: FIGO, International Federation of Gynecology and Obstetrics; HRD, homologous recombination deficiency; ASCO, American Society of Clinical Oncology. 
*HRD categories are not mutually exclusive. Some cases had variants in >1 genes. 
†Non-BRCA category includes alterations in RAD51C, RAD51D, BRIP1, and PALB2.  
‡Adjusted for age and stage. 
§Adjusted for age, stage, BRCA1/2 and HRD signature. 
�P-value presented is the test for multiplicative interaction with race when associating HRD feature with all-cause mortality.
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Figure 1. Germline variants and somatic mutations in homologous recombination pathway genes prioritized in the 2020 
American Society of Clinical Oncology (ASCO) recommendation for genetic testing in ovarian cancer. A) Percentages of 
germline variants (top panel) or somatic mutations (bottom panel) and the variant classifications in Black individuals (left) and 
White individuals (right). Genes with * had no identified variants. Abbreviation: UTR, untranslated region 
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Figure 2. Genomic location, variant classification, clinical significance, and nucleotide change for germline variants and somatic 
mutations in A) BRCA1 and B) BRCA2 in Black individuals and White individuals. Position defined using GRch38 and exons 
defined using Transcript ID ENST00000357654 for BRCA1 and ENST00000380152 for BRCA2. Variant classification is 
indicated by the fill color and clinical significance by the border color for each circle. UTR, untranslated region 
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