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Abstract 

Polygenic Risk Scores for High-Grade Serous Ovarian Cancer in African American Women 

within the African American Cancer Epidemiology Study (AACES) 

 

By: Alexa Kifer 

 

Background: 

African American women experience disproportionately poor outcomes from epithelial ovarian 

cancer (EOC), yet they remain underrepresented in genetic studies that inform risk prediction. 

Polygenic risk scores (PRS), derived primarily from European ancestry populations, may not 

accurately capture EOC susceptibility in diverse populations. 

Methods: 

Using data from the African American Cancer Epidemiology Study (AACES), the largest 

population-based cohort of African American women with EOC in the U.S., we evaluated a 

previously developed PRS constructed from 24 genome-wide significant loci. Logistic and 

multinomial logistic regression models were used to assess associations between standardized 

PRS and EOC risk, adjusting for age, ancestry, family history, and geographic region. Subtype-

specific analyses were conducted to examine histologic variation in genetic risk. 

Results: 

Among 592 Black women with EOC, a one-unit increase in PRS was associated with 

significantly increased odds of high-grade serous ovarian cancer (HGSOC) (adjusted OR = 1.37; 

95% CI: 1.16–1.62; p = 0.0004). No significant association was observed between PRS and non-

HGSOC histotypes. Participants in the top 5% of the PRS distribution had more than twice the 

odds of HGSOC compared to those in the bottom 80%, indicating a dose-response relationship. 

These associations persisted after adjusting for potential confounders. Binary logistic models 

confirmed the robustness and specificity of the PRS to HGSOC. 

Conclusions: 

This study demonstrates that PRS constructed from European ancestry GWAS data can capture 

meaningful genetic risk for HGSOC among African American women, despite reduced 

transferability. These findings underscore the need for ancestry-informed PRS models and 

inclusive genomic research to advance equitable precision medicine. Incorporating PRS into risk 

stratification frameworks may improve early detection and prevention efforts for high-risk Black 

women disproportionately affected by EOC disparities. 

Keywords: polygenic risk score, high-grade serous ovarian cancer, African American women, 

genetic epidemiology, AACES, health disparities, ovarian cancer, GWAS, ancestry bias 
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Introduction  

Epithelial ovarian cancer (EOC) is a significant public health concern, specifically within 

the United States. Ovarian cancer is the second most common gynecological cancer, with the 

majority of those cases being EOC. EOC accounts for approximately 95% of all ovarian cancers, 

while about 5% are non-epithelial cancers such as germ cell, sex-cord stromal, and small cell 

ovarian cancers (1). Ovarian cancer is the leading cause of death among women diagnosed with 

gynecologic cancers. Its high mortality is largely attributed to the disease’s nonspecific clinical 

symptoms and the lack of preventative screening, which likely leads to delayed diagnosis. 

Consequently, most individuals are diagnosed with advanced-stage disease (2). 

Demographics and Mortality/Survival Rates 

In the United States, ovarian cancer remains a relatively rare but highly lethal disease. 

According to the American Cancer Society, approximately 20,890 new cases of ovarian cancer 

will be diagnosed in 2025 with over 92% classified as epithelial ovarian cancer. Annually, 

12,730 women are expected to die from the disease, making it the sixth leading cause of cancer-

related death among women (3). Lifetime risk estimates from 2002 indicated that about 1.1% of 

women would develop ovarian cancer (3). Despite advancements in treatment, the overall five-

year relative survival rate remains low at 49%, primarily due to the fact that the disease is most 

often diagnosed at advanced stages (2). 

 Stage at diagnosis plays a critical role in survival. When ovarian cancer is diagnosed at 

a localized stage (Stage I), the five-year survival rate is approximately 92%. However, 

only about 15% of women are diagnosed at this early stage. For cases diagnosed at regional 

spread (Stage II/III), survival rates drop to 73–36%, and for distant metastatic disease (Stage IV), 



which accounts for the majority of cases, the survival rate falls to 31% (3). This disparity 

underscores the urgent need for better early detection strategies.  

Demographic characteristics such as age, race, and ethnicity significantly influence both 

the incidence and outcomes of epithelial ovarian cancer. Ovarian cancer primarily affects older 

women, with a median age at diagnosis of 63 years (4). Incidence rates increase with age, 

peaking between ages 55 and 64, and declining thereafter. According to recent national SEER 

data, the age-adjusted incidence rate is approximately 10.3 per 100,000 women per year in the 

U.S., with variation by race and ethnicity (5). 

White women have the highest reported incidence rates of ovarian cancer, followed by 

Hispanic, Asian/Pacific Islander, and Black women. However, Black women consistently 

experience the worst survival outcomes. The five-year relative survival rate for white women is 

approximately 50%, while it is only 41% for Black women, even after adjusting for stage at 

diagnosis (5). Hispanic and Asian/Pacific Islander women have somewhat better survival 

outcomes, with five-year survival rates closer to 55–57%, although the reasons for this remain 

unclear (5). 

Several studies have demonstrated that Black women are more likely to be diagnosed at 

later stages, receive suboptimal surgical debulking, and are less likely to receive chemotherapy, 

all of which contribute to poorer survival (6). For example, Bristow et al. found that Black 

women were 25% less likely to receive guideline-concordant treatment, and this lack of optimal 

care was strongly associated with reduced survival (6). Even after controlling for stage, tumor 

characteristics, and socioeconomic status, survival disparities persist, suggesting a multifactorial 

interplay between structural inequities and biological differences. 



Social determinants of health likely play a central role in driving these disparities. 

Limited access to specialized care, lack of insurance, geographic barriers, and provider bias all 

contribute to delayed diagnosis, under-treatment, and ultimately, higher mortality among Black 

women (7). Underdiagnosis and progression of disease due to these systemic factors exacerbate 

the survival gap and reduce opportunities for early intervention (7). 

In addition to social factors, emerging research suggests that biological differences may 

also contribute. Analyses from the Ovarian Cancer in Women of African Ancestry Consortium 

(OCWAA) have highlighted the potential influence of reproductive history, comorbid conditions, 

and hormone use on survival differences between Black and white women (8). Furthermore, 

some studies suggest that specific genetic variants may be more prevalent in African American 

populations, potentially increasing the risk for more aggressive histologic subtypes of ovarian 

cancer (8). These findings underscore the importance of developing ancestry-informed genomic 

research and risk models tailored to underrepresented populations. 

Understanding how demographics, social determinants, and tumor biology intersect is 

essential for improving equity in ovarian cancer care. Targeted efforts to address both systemic 

barriers and population-specific biological risks will be crucial to advancing personalized 

prevention and treatment strategies and reducing mortality among women most affected by 

ovarian cancer disparities. 

Risk Factors 

One positive thing to note is that while this is still a prevalent cancer within the United 

States, the overall incidence of ovarian cancer has been declining in recent decades (9). This 

decline is hypothesized to likely be due to better treatments and more use of oral contraceptives, 



which seem to both have a protective factor (9). While the etiological of ovarian cancer is not 

clearly understood, there seem to be several factors that increase one’s risk for the development 

of epithelial ovarian cancer. Some of the risk factors may include advanced age, early onset of 

menarche, late onset of menopause, family history, nulliparity, obesity, perineal talc use, 

smoking, endometriosis, and hormone replacement therapy (1). Additionally, inflammatory 

conditions are also thought to potentially lead to the development of ovarian cancer due to 

oxidative stress and deoxyribonucleic acid damage (10)(11). A positive personal or family 

history of breast or ovarian cancer is a well-established risk factor for ovarian cancer. A personal 

or first-degree family history of breast or ovarian cancer significantly elevates ovarian cancer 

risk. Specifically, women with a first-degree relative diagnosed with ovarian cancer have a three- 

to four-fold higher lifetime risk compared to women with no family history (12). Germline 

mutations in BRCA1 or BRCA2 genes are prevalent cause of underlying malignancy risk in 

individuals. Compared with a lifetime risk of 2% for the general population, the average 

cumulative risks by age 70 for ovarian cancer among BRCA1 or BRCA2 mutations is 59% (95% 

CI: 43–76) and 16.5% (95% CI: 7.5–34) respectively (12). According the American Cancer 

Society, there are no recommendations for screening tests for Ovarian cancer for women who are 

not at high risk or do not have symptoms (13). The only current recommendation is that only 

women who are at high risk for ovarian cancer should get screened. The 2 tests used most often 

(in addition to a complete pelvic exam) to screen for ovarian cancer are transvaginal 

ultrasound (TVUS) and the CA-125 blood test (13).This is primarily due to the limited evidence 

screening reduces the risk of dying from ovarian cancer, and often results in high specificity test 

rates (13).   

 



Histologic Variation in Risk Factors 

Epithelial ovarian cancer (EOC) encompasses several histologic subtypes, each with 

distinct molecular, clinical, and epidemiologic features. These subtypes include high-grade 

serous carcinoma, low-grade serous carcinoma, endometrioid carcinoma, clear cell carcinoma, 

and mucinous carcinoma vary in tumor origin, risk factors, genetic drivers, treatment response, 

and prognosis (14). Recognizing this heterogeneity is essential for understanding disease 

etiology and tailoring risk prediction models. 

High-Grade Serous Ovarian Carcinoma (HGSOC) is the most common and lethal subtype, 

representing approximately 70% of all EOC cases (15). It is characterized by frequent TP53 

mutations (observed in over 95% of cases) and genomic instability (16). HGSOC typically 

originates from the distal fallopian tube epithelium, not the ovarian surface, as previously 

thought (16). Key risk factors for HGSOC include increasing age, nulliparity, early menarche, 

late menopause, and particularly, germline mutations in BRCA1 and BRCA2 genes (17). 

HGSOC is typically diagnosed at advanced stages (III/IV) and responds initially to platinum-

based chemotherapy, although recurrence is common. Low Grade Serous Ovarian Carcinoma 

(LGSOC) is a rare subtype, comprising less than 5% of EOC cases. Unlike HGSOC, it is 

indolent in behavior, often affecting younger women and progressing more slowly (18). It is 

genetically distinct, typically involving mutations in KRAS, BRAF, or NRAS, but lacking TP53 

alterations (18). LGSOC is frequently resistant to standard chemotherapy and may arise from 

serous borderline tumors. There is limited evidence regarding specific environmental or 

reproductive risk factors for LGSOC, but oral contraceptive use may be protective, as it is with 

other subtypes. Endometrioid carcinoma accounts for approximately 10% of EOC cases and is 

often diagnosed at earlier stages with a favorable prognosis (19). It shares clinical and molecular 



features with endometrial cancer and often arises in the context of endometriosis or estrogen 

excess. Mutations in CTNNB1, PTEN, PIK3CA, and ARID1A are common (19). Risk factors 

include obesity, unopposed estrogen exposure, infertility, and endometriosis. Endometrioid 

tumors are more common among white and Hispanic women, though population-based 

comparisons are limited (19). Clear cell carcinoma represents 10–12% of EOC and is also 

associated with endometriosis. It is more prevalent in East Asian populations, accounting for up 

to 25% of ovarian cancers in Japan, compared to ~12% in the U.S. (20). These tumors are 

typically chemo resistant and associated with poor prognosis, particularly in advanced-stage 

disease. Molecular alterations include ARID1A, PIK3CA, and HNF-1β mutations (20). Risk 

factors include endometriosis, nulliparity, and potential environmental exposures, though 

research is ongoing. Mucinous carcinoma is the rarest of the five major subtypes, making up 3–

4% of EOC cases (21). These tumors often present at early stages and resemble gastrointestinal 

epithelium, which can make diagnosis challenging. Molecularly, mucinous tumors are typically 

driven by KRAS mutations. Risk factors are less well-defined but may include smoking. 

Mucinous carcinoma is more commonly diagnosed in younger women and white women, 

although precise racial/ethnic patterns are not well-characterized (21). 

Some evidence demonstrates that the distribution of epithelial ovarian cancer (EOC) 

histologic subtypes varies significantly by race and ethnicity, and these differences may help 

explain disparities in incidence, treatment response, and survival outcomes (22).  

Among white women, high-grade serous carcinoma (HGSOC) remains the predominant 

subtype, accounting for approximately 70–75% of EOC diagnoses. In contrast, studies suggest 

that Black women are proportionally more likely to be diagnosed with HGSOC and more likely 

to present with rare, high-grade, or poorly differentiated tumors, which are associated with worse 



prognosis (23). Some data also suggest that Black women may have a slightly higher prevalence 

of clear cell and mucinous carcinomas, though these findings vary by cohort and may reflect 

underlying misclassification or differences in tumor biology. 

In Asian women, particularly those from East Asia, the distribution of Histotypes is 

notably different. Clear cell carcinoma represents a substantial proportion of EOC cases, ranging 

from 20–25% in countries like Japan, compared to about 10–12% in Western populations (15). 

This elevated prevalence may reflect genetic predisposition, such as increased frequency of 

ARID1A mutations, or environmental factors, including higher rates of endometriosis, which is a 

known precursor lesion for clear cell tumors. 

Hispanic and Latina women also exhibit unique patterns in histotype distribution. Some 

studies have found higher rates of endometrioid carcinoma and slightly lower frequencies of 

high-grade serous tumors compared to white women (23). The reasons behind these patterns are 

still unclear but may involve differences in reproductive factors, hormone use, genetic ancestry, 

and metabolic conditions such as obesity.  

Prognostic Factors in Risk Factors 

Beyond influencing cancer risk, histologic subtype plays a critical role in determining 

treatment response, survival outcomes, and long-term prognosis. Subtypes vary in 

chemosensitivity, recurrence rates, and survival trajectories (24). These biological differences 

intersect with patient-level and systemic factors to shape prognosis. 

Histologic subtype significantly affects survival. While HGSOC, though aggressive, is 

initially chemosensitive, particularly in the presence of BRCA mutations or homologous 

recombination deficiency (HRD), other subtypes such as clear cell and mucinous carcinomas 



tend to be chemoresistant, resulting in poorer prognosis. Low-grade serous ovarian carcinoma 

(LGSOC) progresses more slowly but is often resistant to standard chemotherapy. In contrast, 

endometrioid carcinomas are typically detected earlier and have better outcomes. 

These survival disparities are further complicated by racial and ethnic variation in 

histotype prevalence. Among white women, HGSOC is the predominant subtype, accounting for 

approximately 70–75% of EOC diagnoses. In contrast, Black women in the United States are 

proportionally less likely to be diagnosed with HGSOC and more likely to present with rare, 

high-grade, or poorly differentiated tumors, which are associated with a worse prognosis (23). 

Some data also suggest that Black women may have a higher prevalence of clear cell and 

mucinous carcinomas, although findings vary across cohorts and may reflect tumor biology, 

environmental exposures, or diagnostic misclassification. In Asian women, particularly those 

from East Asia, clear cell carcinoma represents a notably higher proportion of EOC cases, up to 

20–25% in countries like Japan, compared to 10–12% in Western populations (25). This higher 

prevalence may be influenced by genetic predisposition (e.g., increased ARID1A mutations) and 

a higher rate of endometriosis, a known precursor to clear cell carcinoma. Hispanic and Latina 

women tend to have higher rates of endometrioid carcinoma and lower frequencies of HGSOC 

compared to white women (26). These patterns may reflect differences in reproductive history, 

hormone use, genetic ancestry, and comorbidities such as obesity and diabetes.  

These histotype variations by race and ethnicity carry substantial clinical implications. 

Subtypes that are more common among Black women are associated with greater resistance to 

chemotherapy and worse survival outcomes (8). Even after accounting for the stage at diagnosis, 

studies have shown that Black women experience worse survival outcomes than other racial 

groups in both early and late stages of the disease (8). Social determinants of health likely 



contribute to these disparities. Limited access to healthcare among Black women often delays 

diagnosis and treatment, leading to underdiagnosis or progression of the disease (8).   

Meanwhile, HGSOC, more prevalent among white women, tends to be more chemosensitive, 

especially when associated with BRCA mutations, which are more commonly observed in 

individuals of European ancestry (27).  

Importantly, histotype variation does not exist in isolation. It intersects with social 

determinants of health, such as access to care, quality of treatment, insurance coverage, and 

geographic proximity to gynecologic oncology centers. For instance, Black women are 

disproportionately more likely to receive care at low-volume centers, are less likely to undergo 

optimal cytoreductive surgery, and are less frequently offered guideline-concordant treatment, 

regardless of tumor histology (28). These systemic inequities further compound the biological 

challenges posed by aggressive histotypes. 

The underrepresentation of non-European populations in genetic research, particularly 

genome-wide association studies (GWAS) and polygenic risk score (PRS) development, has 

created major gaps in our understanding of how genetic susceptibility interacts with histologic 

subtype by race. Without equitable representation, risk prediction tools may fail to capture the 

aggressive subtypes more commonly seen in women of color, thus limiting opportunities for 

early detection and personalized prevention. 

Efforts to improve ovarian cancer outcomes must therefore address both molecular tumor 

features and sociostructural barriers to care. Recognizing and addressing racial and ethnic 

variation in histotype prevalence, prognosis, and access is essential for achieving equitable 

precision medicine in ovarian cancer prevention and treatment. 



Genetic Risk Prediction  

Genome-wide studies have been conducted to understand epithelial ovarian cancer 

susceptibility, In the more recent years, genome-wide association studies GWAS have increased 

in frequency in predicting various women’s specific cancers. Ovarian cancer GWAS have 

identified about 33 common, low-penetrant EOC susceptibility alleles. (29). Polygenic risk 

scores (PRSs) offer a promising approach for predicting individual susceptibility to EOC by 

improving risk stratification and identifying high-risk individuals. PRSs are derived by summing 

the risk alleles across multiple genetic variants, with each allele weighted based on its estimated 

contribution to disease risk (30). Despite advancements in PRS models, the optimal selection of 

genetic variants and their weights to maximize predictive accuracy remains an ongoing 

challenge. Recent developments in PRS modeling have demonstrated their potential in assessing 

cancer risk, including epithelial ovarian cancer, and their utility in clinical settings (30). For 

example, PRSs can help identify individuals at elevated risk for adverse drug events or predict 

treatment responses, offering a personalized approach to cancer management and prevention 

(31). While rare variants in high- and moderate-penetrance susceptibility genes explain 

approximately 40% of the inherited risk of EOC, common genetic variants contribute 

significantly to the remaining heritability. Studies, such as those by Dareng et al. estimate that 

common susceptibility variants account for roughly 6% of EOC heritability (30).   

A critical issue in PRS development is the lack of representation of non-European 

populations, which undermines the generalizability and accuracy of these scores. This problem, 

commonly referred to as ancestry bias, arises because the vast majority of genome-wide 

association studies (GWAS), which form the basis for PRS construction, have been conducted in 

individuals of European descent. This bias poses and lack of generalizability to the African 



American population causes significant challenges for public health, particularly in accurately 

assessing disease risk among underrepresented populations, such as African American women 

(31). The lack of development and validation among only European ancestries leads to various 

implications such as reduced predictive accuracy for non-European Populations, loss of 

generalizability, and implications for clinical translation. (31)  

From a genetic perspective, ancestry bias in polygenic risk score (PRS) development 

stems from fundamental population-level differences in genomic architecture. African 

populations, which represent the most genetically diverse human populations due to their deep 

evolutionary history, have distinct allele frequency distributions, shorter linkage disequilibrium 

(LD) blocks, and higher levels of haplotype diversity compared to European populations (32). 

These characteristics pose specific challenges for GWAS-based discovery and PRS construction. 

For example, the shorter LD blocks found in African ancestry genomes mean that single-

nucleotide polymorphisms (SNPs) identified in European populations as being associated with 

disease may not adequately tag the same causal variants in African populations (32). This leads 

to a reduced ability of PRSs constructed from European GWAS data to capture true underlying 

disease risk in non-European populations, especially those of African descent. Furthermore, 

certain causal variants may be population-specific, present only or primarily in African 

populations, and thus entirely missed in discovery efforts focused exclusively on European 

cohorts. 

Additionally, African genomes exhibit greater allelic heterogeneity, meaning that multiple 

different genetic variants may influence the same trait within this population (32). This diversity 

dilutes the contribution of any single SNP to disease risk, reducing the predictive power of PRSs 

that rely on fixed variant weights derived from European samples (32). Moreover, rare variants, 



which may play important roles in disease etiology, are more difficult to detect in 

underrepresented populations due to smaller sample sizes and lack of statistical power in non-

European datasets (32). 

The underlying genetic architecture of complex diseases such as epithelial ovarian cancer 

(EOC) may also differ subtly between populations due to interactions between ancestry-specific 

variants and environmental exposures, which further complicates risk prediction (33). As a 

result, PRSs constructed from European datasets may systematically underestimate or 

misclassify risk among African ancestry individuals, exacerbating disparities in early detection 

and preventive care (33). 

From a statistical perspective, ancestry bias in polygenic risk score (PRS) development 

arises from several methodological assumptions and limitations that reduce performance when 

models are transferred across populations. One major issue is the assumption of effect size 

homogeneity, where the effect size of a single nucleotide polymorphism (SNP) to disease risk is 

presumed to be constant across all ancestral groups (34). Due to genetic drift, population 

bottlenecks, local adaptation, and varying environmental exposures, SNP effect sizes often differ 

between populations, which can compromise the accuracy of PRSs when applied outside their 

discovery cohort (35).  

Additionally, linkage disequilibrium (LD) patterns, which refer to non-random 

associations between alleles at different loci, vary considerably by ancestry. PRS construction 

relies on these LD structures to tag causal variants, but if the LD relationships differ between the 

discovery and target populations, the PRS will tag different genomic regions, further reducing 

predictive power. For example, SNPs in high LD in European populations may not be in LD in 

African populations, leading to misestimation of risk in the latter group (36). 



Imputation quality also plays a critical role in PRS performance and is generally poorer in 

non-European populations due to underrepresentation in genomic reference panels. Low 

imputation accuracy can introduce measurement error into genotype estimates, attenuating effect 

sizes and degrading PRS performance (36). 

Another key issue is population stratification bias, a confounding problem in GWAS 

where allele frequency differences between ancestral groups are correlated with differences in 

disease prevalence due to non-genetic (e.g., social or environmental) factors. If not properly 

controlled for, stratification can produce spurious associations or misestimate SNP effects, 

especially in admixed populations like African Americans. Although methods like principal 

component analysis (PCA) or mixed models are used to account for ancestry differences, 

residual confounding often remains and can skew PRS estimates (37). 

These combined issues contribute to what is known as the polygenic score portability 

problem, where scores developed in European-ancestry datasets show significantly reduced 

performance in other populations. Empirical studies have demonstrated that PRS accuracy in 

African ancestry populations is often lower than in European populations for a range of complex 

traits and diseases (38). This drop in performance has profound implications for health equity, 

particularly when PRSs are used for clinical decision-making or early intervention. 

Lastly, statistical power is also a concern. Smaller sample sizes in non-European 

populations limit the discovery of ancestry-specific variants and reduce the precision of effect 

size estimates. This results in PRSs with higher standard errors and lower reliability, 

compounding their limited generalizability and further widening the predictive gap between 

populations. 



While it is important to note that there have been suggestive genetic loci associated with 

ovarian cancer, it is likely that this burden we see among African American women with 

epithelial ovarian cancer is likely due to a multi-faceted risks.   

This paper seeks to address this critical gap by leveraging data from the African 

American Cancer Epidemiology Study (AACES), the largest cohort of African American women 

with epithelial ovarian cancer in the United States. The AACES dataset, which includes robust 

geographical diversity and comprehensive epidemiological and genetic information, represents a 

unique resource for understanding the genetic drivers of EOC disparities in Black women. (8) 

Due to the gap in understanding the applicability and accuracy of polygenic risk scores among 

this diverse population, this paper will provide a unique opportunity to address the effectiveness 

of polygenic risk scores.  We hope to enhance risk prediction for epithelial ovarian cancer among 

African American women, potentially improving the ability to identify high-risk individuals 

early. Given the multi-faceted nature of EOC risk in African American women, encompassing 

genetic predisposition and social determinants, this study provides an opportunity to validate 

PRS models and assess their clinical relevance. By validating and further analyzing an existing 

polygenic risk score in a cohort of African American women, we aim to assess its predictive 

utility, refine its application for this population, and contribute to reducing disparities in ovarian 

cancer outcomes. This work helps bridge critical gaps in the performance of PRS across diverse 

ancestries and supports more equitable precision medicine efforts. 

 

 

 



Materials and Methods 

Study Population 

In this study, we used the African American Cancer Epidemiology Study (AACES), 

which is a multicenter population-based case-control study designed to investigate EOC among 

self-reported African American/Black women, a population historically underrepresented in 

epithelial ovarian cancer research. This cohort represents the largest study of its kind and 

leverages a unique design to address disparities and explore genetic, environmental, and lifestyle 

factors associated with EOC risk and outcomes in Black women.   

For this specific analysis, the study population included participants diagnosed with 

Epithelial Ovarian Cancer between 2010 and 2015. Eligibility was restricted to women residing 

in one of the 11 geographic regions across the United States (Alabama, Georgia, New Jersey, 

Louisiana, South Carolina, North Carolina, Tennessee, Ohio, Illinois, Detroit Metropolitan area, 

and Texas) at the time of diagnosis. These regions were selected to ensure a representative 

sample of Black women from diverse populations, including those from both urban and rural 

areas, encompassing a broad range of social and environmental contexts. Eligible participants 

within the cohort included women who self-identified as Black or African American, newly 

diagnosed with EOC, and aged between 20 and 79 years at diagnosis (8).   

All study procedures were approved by the Institutional Review Boards (IRBs) at each 

participating site. Written informed consent was obtained from all participants prior to data 

collection, including collection of biospecimens and genetic information. The current analysis 

was conducted using de-identified data from the African American Cancer Epidemiology Study 

(AACES), in accordance with approved data use agreements and ethical guidelines. 



Data Collection 

Cases were identified through rapid case ascertainment to identify and enroll eligible 

participants within months from the date of diagnosis, aiming to minimize survival. Controls 

were recruited using random digit dialing, and were frequency-matched to cases based on age 

and residence. This population-based case-control design enabled a robust comparison between 

groups with respect to genetic and epidemiological risk factors for epithelial ovarian cancer in 

African American women. 

Statistical Analysis 

This study aimed to evaluate and further analyze an existing polygenic risk score (PRS) 

for EOC in African American women, originally developed using genome-wide significant and 

suggestive loci identified by Manichaikul et al. (2020) (8,39). The PRS was derived from 24 

single nucleotide polymorphisms (SNPs) previously associated with EOC in European ancestry 

populations and evaluated for transferability and predictive performance in women of African 

ancestry. 

We utilized genotype data from the African American Cancer Epidemiology Study 

(AACES) to assess the performance of this PRS in a cohort of African American women. 

Association testing between the PRS and EOC risk, overall and by histologic subtype was 

conducted using logistic and multinomial logistic regression models, adjusting for age, ancestry 

principal components, and study site. Principal components was conducted using genome-wide 

genotype data. 

 

 



Data Preparation and Quality Control 

The genotype data were initially converted to PLINK binary format using PLINK v1.90. 

Standard quality control measures were applied to ensure data integrity. The analysis began with 

data preparation and quality control measures. Participants were filtered based on predefined 

inclusion criteria. This reduced the data from 2,257 participants to 1,008 individuals eligible for 

analysis.   

Quality control measures were applied to ensure the validity of the dataset. Quality 

control procedures were applied at both the sample and variant levels. At the sample level, 

exclusions were based on low call rates, sex discrepancies, and high heterozygosity (39). A low 

call rate refers to the percentage of missing genotype calls for an individual or SNP. Individuals 

or SNPs with high proportions of missing data can compromise the analysis and introduce bias. 

Individuals with a call rate below a predefined threshold were excluded to ensure that the dataset 

contained reliable and complete genotype information. Sex discrepancies occur when the 

recorded sex of an individual does not match their inferred sex based on genetic data. Individuals 

with mismatched sex information were excluded due to eligibility criteria. Heterozygosity refers 

to the proportion of heterozygous alleles observed in an individual’s genome. An unusually high 

level of heterozygosity can indicate potential issues such as DNA contamination, relatedness, or 

underlying population structure differences. Individuals with heterozygosity levels above the 

predefined threshold were removed. At the variant level, several criteria were applied to ensure 

the quality and reliability of the genetic data used in the analysis. SNPs with a minor allele 

frequency below 0.01 were excluded. SNPs with very low MAFs have insufficient representation 

in the data set, reducing their statistical power to detect meaningful associations (39). Rare SNPs 

can also be prone to genotyping errors, which can disproportionately impact analyses. Low 



MAFs SNPs may also not be as relevant to the general population, as they might be less likely to 

provide information signals in association studies, such as this one. SNPs with a missingness rate 

above a predefined threshold of greater than 5% were excluded. Missingness refers to the 

proportion of samples for which a particular SNP does not have genotyped values. High rates of 

missing data can lead to biased estimates in statistical analyses (39). Including SNPs with many 

missing values can reduce the overall quality of the dataset and potentially distort results. Lastly, 

SNPs that deviated significantly from the Hardy-Weinberg Equilibrium were excluded. This was 

assessed using a chi-squared test with significance threshold (p < 1 x 10−6). Deviation from 

HWE may indicate genotyping errors, such as allele miscalls. Large deviations might suggest 

population stratification or non-random mating, which can confound genetic analyses. The final 

dataset contained 652,512 SNPs with a 100% genotyping rate.  

18,007 SNPs were identified from prior genome-wide association studies (GWAS) and 

were used for PRS construction. To address potential errors due to duplicate SNPs a multi-step 

resolution process was employed. Duplicate SNPs were defined as variants with identical 

chromosomal positions but differing alleles. Duplicates were identified by grouping SNPs based 

on their chromosome and base-pair positions. The duplicate SNPs were matched against a 

dataset, which included validated alleles for each SNP. SNPs with allele matches to the reference 

were retained based on a logical comparison of allele SNPs with allele matches to the reference 

were retained, resulting in 225 high-quality variants. This ensured accuracy and consistency in 

PRS calculation.  

Polygenic Risk Score Construction  

The polygenic risk score (PRS) for each individual was calculated as the weighted sum of 

risk alleles across all selected SNPs. SNP weights were based on effect sizes reported in prior 



genome-wide association studies (GWAS), primarily conducted in European ancestry 

populations (39). Although these effect estimates may not fully capture the genetic architecture 

in African American populations, they were used to enable assessment of PRS transferability and 

predictive performance. The PRS was calculated using the following formula: 

𝑃𝑅𝑆𝑖 = ∑ 𝛽𝑗 ∗ 𝐺𝑖𝑗

𝑚

𝑗=1

 

Where: 𝑃𝑅𝑆𝑖 is the polygenic risk score for individual i, m is the total number of SNPs, 𝛽𝑗 is the 

effect size of SNP j, 𝐺𝑖𝑗 is the genotype of individual i for SNP j, coded as 0, 1, 2. The PRS was 

standardized to have a mean of zero and a standard deviation of one to facilitate interpretation 

and comparison across individuals. 

Logistic Regression Model Construction  

The Logistic regression model was employed to evaluate the association between PRS and EOC 

risk. The model adjusted for confounders, including age and geographic region. The logistic 

regression model was expressed as: 

𝑙𝑜𝑔𝑖𝑡(𝑃) = 𝛽0 + 𝛽1𝑥 𝑃𝑅𝑆 +  𝛽2 𝑥 𝐴𝑔𝑒+ 𝛽3 𝑥 𝐺𝑒𝑜𝑔𝑟𝑎𝑝ℎ𝑖𝑐 𝑅𝑒𝑔𝑖𝑜𝑛 

Where: P is the probability of developing EOC, β0 is the intercept, β1,β2,…,βk are the 

coefficients for PRS, age, and geographic region.  

Odds ratios (ORs) with 95% confidence intervals were reported for the PRS and other covariates 

to quantify their associations with EOC risk. The model’s performance was assessed using the 

area under the receiver operating characteristic curve (AUC), which measured its ability to 

distinguish between cases and controls. Calibration plots compared predicted probabilities with 



observed outcomes, ensuring alignment between the model’s predictions and actual data. 

Sensitivity analyses were conducted to ensure the robustness of the PRS. These included 

removing individuals with extreme PRS values, re-evaluating the model after excluding SNPs 

with borderline imputation quality scores, and subgroup analyses by demographic characteristics 

(e.g., age groups, geographic regions). These steps assessed the stability and generalizability of 

the PRS across diverse scenarios. 

All analyses were conducted using established bioinformatics and statistical tools. Genotype 

processing and QC were performed in PLINK v1.90, while statistical modeling and visualization 

were conducted in R (version 4.0 or later). Imputation of missing genotypes was performed using 

reference panels, such as the 1000 Genomes Project or TOPMed, ensuring comprehensive 

coverage of variants relevant to African ancestry. 

The results were interpreted to evaluate the PRS’s effectiveness in predicting EOC risk among 

self-reported African American women. Key performance metrics, such as AUC and calibration 

plots, were used to assess the model’s accuracy. The study highlighted the potential clinical 

utility of PRS in identifying high-risk individuals and improving personalized prevention 

strategies. This comprehensive analysis addressed critical gaps in genetic epidemiology and 

contributed to advancing equitable healthcare outcomes for underrepresented populations. 

Results  

Study Population  

A total of 592 Black women diagnosed with epithelial ovarian cancer (EOC) were 

enrolled in the African American Cancer Epidemiology Study (AACES) between 2010 and 2015. 

The median age at diagnosis was 58 years, with 52.2% of participants diagnosed between ages 



41–60. The majority of participants (67.7%) were diagnosed with high-grade serous carcinoma, 

and 63% were diagnosed at advanced FIGO stages (III or IV), underscoring the aggressive 

nature and late detection of EOC in this population. Over two-thirds of women had optimal 

debulking (66.6%), though 30.3% had suboptimal cytoreduction.  However, data on residual 

disease status were missing for a notable proportion of participants. Although survival is not the 

outcome of interest in this analysis, residual disease status remains a key clinical variable in 

ovarian cancer research due to its strong association with tumor biology, treatment response, and 

disease burden. Therefore, the missing data may introduce bias or limit the ability to fully 

characterize surgical outcomes across the cohort.. Nearly 60% of participants had a BMI of 30 

kg/m² or higher, and more than half (62.7%) reported talc use. A majority of participants (81.6%) 

reported having at least one full-term pregnancy. From a socioeconomic perspective, 51.0% of 

women had a high school education or less, 45.0% reported annual household income under 

$25,000, and 32.0% were uninsured or covered by Medicaid at diagnosis. About 6.6% reported a 

prior breast cancer diagnosis, and 23.8% had a Charlson Comorbidity Index score of 3 or more, 

indicating a substantial burden of chronic illness. Approximately 39% of participants were alive 

as of October 2024 with a median overall survival time of 4.8 years. Full baseline and clinical 

characteristics, including inflammatory, reproductive, and treatment-related variables, are 

summarized in Table 1. 

Table 1. Baseline Characteristics of AACES Participants 

Characteristic  N(%) 

Age at Diagnosis 20-40 

41-60 

29 (4.9%) 

309 (52.2%) 



61-75 254 (42.9%) 

Education High school or less 

Some college 

College graduate 

Graduate/professional 

school 

302 (51.0%) 

106 (17.9%) 

112 (18.9%) 

72 (12.2%) 

Annual Family Income < $10,000 

$10,000 - $24,999 

$25,000 - $49,999 

$50,000 - $74,999 

$75,000 - $100,000 

> $100,000 

115 (21.7%) 

125 (23.5%) 

132 (24.9%) 

79 (14.9%) 

48 (9.0%) 

32 (6.0%) 

Insurance Status Uninsured 

Medicaid 

Medicare only 

Private + Medicare 

Private 

Other 

50 (9.3%) 

122 (22.6%) 

123 (22.8%) 

25 (4.6%) 

189 (35.1%) 

30 (5.6%) 

FIGO Stage Stage I 

Stage II 

Stage III 

Stage IV 

130 (25.6%) 

57 (11.2%) 

227 (44.7%) 

94 (18.5%) 

Histotype High-grade serous 397 (67.7%) 



Low-grade serous 

Endometrioid 

Clear cell 

Mucinous 

Carcinosarcoma 

Other epithelial 

17 (2.9%) 

57 (9.7%) 

23 (3.9%) 

29 (4.9%) 

18 (3.1%) 

45 (7.7%) 

Family History Breast Cancer 

Yes 

No 

Ovarian Cancer 

Yes 

No 

 

114 (19.5%) 

472 (80.5%) 

 

95 (14.4%) 

563 (85.6%) 

Debulking Status Optimal 

Suboptimal 

No surgery 

255 (66.6%) 

116 (30.3%) 

12 (3.1%) 

BMI ≥ 30 kg/m² Yes 347 (59.0%) 

Talc Use (ever) Yes 371 (62.7%) 

Parity (≥1 Pregnancy) Yes 483 (81.6%) 

Charlson Comorbidity 

Index ≥3 

Yes 141 (23.8%) 

Prior Breast Cancer Yes 39 (6.6%) 

 

Alive  Yes 228 (39.5%) 



Median Overall 

Survival (years) 

 4.8 years 

 

PRS Estimates 

Multinomial logistic regression analyses were conducted to examine the association 

between standardized polygenic risk scores (PRS) and epithelial ovarian cancer (EOC) 

histotypes. The outcomes were categorized into high-grade serous ovarian cancer (HGSOC), 

other EOC histotypes, and controls. Key variables included standardized PRS, age at reference, 

percent African ancestry, family history of breast or ovarian cancer, and U.S. region of 

residence.  

Using binary logistic regression, all EOC cases (regardless of histotype) were combined 

and compared to controls. A one-unit increase in standardized PRS was associated with a 28% 

increased odds of overall EOC (OR = 1.28; 95% CI: 1.11–1.47; p = 0.0005). In the unadjusted 

model, a one-unit increase in standardized PRS was associated with a 30% increased odds of 

HGSOC compared to controls (OR = 1.30; 95% CI: 1.12–1.51; p = 0.00035) (Table 2), 

indicating a strong and statistically significant association between genetic risk and disease 

outcome. The adjusted model, which controlled for age at reference, percent African ancestry, 

family history of breast and ovarian cancer, and geographic region, yielded an even stronger 

association (OR = 1.37; 95% CI: 1.16–1.62; p = 0.0004) (Table 2). Although age was used as a 

matching variable in the case–control study design, it was retained in the model due to potential 

residual differences introduced by the subset of participants with available genetic data. 

Therefore, the observed effect of age (OR = 1.04; 95% CI: 1.03–1.60; p < 0.001) likely reflects 

selection-related variability rather than confounding per se. This reinforces that while age is a 



known risk factor for HGSOC, its adjustment in this model primarily accounts for analytic 

imbalance rather than confounding bias introduced by the study design. 

Both family history variables were positively and significantly associated with HGSOC. 

Specifically, family history of breast cancer was associated with a 26% increase in odds of 

HGSOC (OR = 1.26; 95% CI: 1.02–1.98; p = 0.004), while family history of ovarian cancer 

conferred more than double the odds of disease (OR = 2.23; 95% CI: 1.32–3.43; p < 0.001). 

In contrast, no statistically significant associations were found between PRS and non-

HGSOC histotypes in either the unadjusted or adjusted models. For example, in the adjusted 

model, the OR for PRS predicting other histotypes was 1.16 (95% CI: 0.93–1.44; p = 0.125) 

(Table 2), suggesting PRS may not be a robust predictor of these subtypes.  

Table 2. Adjusted Odds Ratios from Multinomial Logistic Regression Models Evaluating 

PRS in Relation to EOC Histotypes 

Outcome 

Group  

Variable  Odds Ration  95% CI  P-Value  

HGSOC vs. 

Controls  

PRS   1.37 1.16-1.62 0.0004  

  Age at 

Reference  

1.04 1.03-1.06 <0.001  

  Family History 

(Breast)  

1.26 1.02-1.98 0.004 



  Family History 

(Ovarian)  

2.23 1.32-3.43 <0.001  

Other 

Histotypes vs. 

Control  

PRS  1.16 0.93-1.44 0.125  

  Age at 

Reference  

1.00 0.98-1.02 0.974  

  Family History 

(Breast)  

1.11 0.86-1.58 0.32 

  Family History 

(Ovarian)  

1.61 1.02-3.85 0.01 

 

To further evaluate the relationship between polygenic risk score (PRS) and risk of high-

grade serous ovarian cancer (HGSOC), participants were categorized into four percentile groups: 

0–80% (reference), 80–90%, 90–95%, and 95–100%. Logistic regression models were used to 

estimate the odds ratios for each percentile category compared to the reference group, adjusting 

for age at reference, percent African ancestry, family history of breast and ovarian cancer, and 

geographic region.  

 

 

 



Table 3. Adjusted Odds Ratios for HGSOC by PRS Percentile  

PRS Percentile Group  Odds Ratio  95% CI  P-Value  

0-80% (reference)  1.00  -  -  

80-90%  1.60  0.97-2.63  0.066  

90-95%  2.12  1.03-4.36  0.043  

95-100%  2.08  1.09-3.98  0.027  

 

In the adjusted models, the 80–90% group showed an odds ratio of 1.60 (95% CI: 0.97–

2.63; p = 0.066) (Table 3), suggesting a potential increased risk that approached statistical 

significance. Participants in the 90–95% group demonstrated a significantly elevated risk with an 

odds ratio of 2.12 (95% CI: 1.03–4.36; p = 0.043) (Table 3), while those in the highest PRS 

bracket (95–100%) also had significantly greater odds of HGSOC (OR = 2.08; 95% CI: 1.09–

3.98; p = 0.027) (Table 3). These findings indicate a consistent trend of increasing HGSOC risk 

across ascending PRS categories, which is consistent with a dose-response relationship. Notably, 

while the 80–90% group did not reach conventional levels of statistical significance, the point 

estimate suggests a potentially meaningful increase in risk. The widening confidence intervals in 

higher PRS groups also reflect variability that may stem from sample size limitations, but the 

fact that both the 90–95% and 95–100% groups demonstrated statistically significant elevations 

in risk reinforces the pattern. This consistent elevation suggests that individuals in higher genetic 

risk brackets are systematically more likely to be diagnosed with high-grade serous ovarian 

cancer, even after adjustment potential confounders like, ancestry, and family history. The pattern 



held even after controlling for multiple covariates, suggesting that PRS may serve as a 

meaningful stratification tool in identifying high-risk individuals.  

To assess the robustness of our multinomial regression findings and align with 

conventional modeling approaches, we conducted two binary logistic regression models: 

HGSOC vs. controls and Other EOC histotypes vs. controls.   

The binary logistic regression for HGSOC confirmed the association observed in the 

multinomial model. A unit increase in PRS was associated with 37% higher odds of HGSOC 

(OR = 1.37; 95% CI: 1.16–1.62; p = 0.0004), while age (OR = 1.04; 95% CI: 1.03–1.06; p < 

0.001. The association between PRS and other histotypes remained nonsignificant (OR = 1.16; 

95% CI: 0.93–1.44; p = 0.13).  

These binary models provide consistent results compared to the multinomial approach 

and reinforce the specificity of the PRS effect to the HGSOC subtype. By separating the 

comparisons into two focused binary models, we are able to affirm that the association observed 

in the multinomial framework was not an artifact of outcome categorization or model 

specification. The replication of results in a more conventional logistic regression framework 

suggests that the observed effect is robust and not driven by modeling assumptions. This 

analytical choice also allowed for more intuitive interpretation of subtype-specific risk factors. 

For instance, while PRS showed a robust and statistically significant effect in predicting 

HGSOC, its lack of association with other histotypes strengthens the argument for biologically 

distinct genetic mechanisms across subtypes. Furthermore, these binary models align with 

conventional epidemiologic methods and offer an added layer of interpretability for clinicians 

and researchers evaluating polygenic risk within a more familiar framework. 



Discussion  

This study provides compelling evidence that higher polygenic risk scores (PRS) are 

associated with significantly increased odds of developing high-grade serous ovarian cancer 

(HGSOC) among self-reported African American/Black women. The observed association 

persisted even after adjusting for potential confounders such as age, ancestry, family history, and 

geographic region. Our findings are in line with earlier studies conducted in predominantly 

European ancestry populations, which identified common genetic variants as contributors to 

EOC heritability.  

In our study, a one standard deviation increase in PRS was associated with a 38% higher 

odds of HGSOC (adjusted OR = 1.38; 95% CI: 1.17–1.62), underscoring the potential of PRS to 

capture germline susceptibility to this aggressive subtype among African American/Black 

women. These findings are broadly consistent with previous reports from European ancestry 

populations. For instance, Dareng et al. (2022) developed subtype-specific PRS using over 

22,000 EOC cases and 40,000 controls, and found that a one standard deviation increase in 

HGSOC-specific PRS was associated with an OR of approximately 1.38 (95% CI range: ~1.3–

1.5 across different cohorts), nearly identical to our estimate (30). Similarly, Flaum et al. (2020) 

reported that women in the top 20% of a HGSOC-specific PRS distribution had a 2.5-fold 

increased risk of disease compared to women in the middle quintile (OR ≈ 2.5), with continuous 

models showing ORs in the 1.3–1.4 range per standard deviation (33). These studies collectively 

demonstrate that common genetic variants confer a measurable and consistent risk for HGSOC, 

supporting the reproducibility of PRS effects across populations and analytic frameworks. 

More importantly, our findings extend this body of work to African ancestry populations, 

which have been historically underrepresented in genome-wide association studies (GWAS) and 



PRS development. Dareng et al. (2022) addressed this gap by evaluating both cross-ancestry and 

ancestry-specific PRS models for ovarian cancer in the Africa, Asia, and Europe (AANE) 

consortium (30). Among women of African ancestry, Dareng et al. reported that HGSOC-specific 

PRS were associated with increased disease risk, with effect estimates per standard deviation 

increase ranging from OR = 1.20 to 1.40 depending on the weighting scheme and model used 

(30). These effect sizes are largely consistent across ancestries and closely align with our 

findings in a U.S.-based cohort of African American women, where we observed an adjusted OR 

of 1.38 (95% CI: 1.17–1.62) per standard deviation increase in PRS. Notably, although PRS 

constructed from European-ancestry GWAS data had reduced predictive accuracy in non-

European populations, the direction and magnitude of associations remained largely consistent 

across ancestries. 

 What distinguishes our work from prior reports is its focus on a U.S.-based, population-

specific cohort of African American women from the AACES study, which allows for analysis 

within a relatively homogeneous sociocultural and healthcare context. Unlike many prior efforts 

that pooled diverse populations across continents, our study controls for environmental and 

structural factors more specific to Black women in the U.S. In addition, we examined PRS 

associations not only with overall EOC but also stratified by histologic subtype, including 

HGSOC and non-serous tumors, while adjusting for relevant covariates such as percent African 

ancestry, family history, and geographic region. This enhances the clinical interpretability of PRS 

in admixed African ancestry populations and informs future strategies for equitable genetic risk 

prediction.  

Our findings align closely with those of Dareng et al., reinforcing the notion that while 

predictive performance may vary by ancestry due to differences in linkage disequilibrium 



structure and allele frequencies, the underlying biological mechanisms captured by PRS may be 

shared (30). In this context, the similarity in effect size between our study (adjusted OR = 1.38) 

and both Dareng et al. and European studies supports the external validity of the association 

between common germline variants and HGSOC (30). However, our results also emphasize the 

importance of continuing to refine and validate PRS models specifically within African ancestry 

populations. Numerous studies have shown that PRS developed in European ancestry 

populations often perform poorly when applied to individuals of African descent due to 

differences in linkage disequilibrium patterns, allele frequencies, and genetic architecture 

(41,42). As such, increasing the representation of African ancestry populations in GWAS is 

essential to improve model calibration, reduce prediction bias, and enhance the clinical utility of 

PRS in diverse populations. Recent efforts have demonstrated that ancestry-informed models and 

multi-ancestry GWAS can meaningfully improve risk prediction in non-European groups 

(41,42), underscoring the need for continued investment in inclusive genomic research to ensure 

equitable translation of PRS into clinical and public health contexts. 

These results suggest that polygenic risk scores (PRS) can be a valuable tool for risk 

stratification among African American women, a population historically underrepresented in 

genetic risk modeling. Importantly, the ability of PRS to stratify individuals by relative genetic 

susceptibility offers a mechanism to identify those at substantially higher risk of developing 

high-grade serous ovarian cancer (HGSOC). As an example, women in the top 5% of the PRS 

distribution had more than twice the odds of HGSOC diagnosis compared to those in the bottom 

80%, even after adjusting for known epidemiologic risk factors. This level of stratification 

highlights the clinical relevance of PRS and supports their use in both individual risk counseling 

and population-level risk prediction frameworks.  



The potential to identify women at highest risk before disease onset presents a critical 

opportunity to improve outcomes through more proactive management. Specifically, PRS could 

be used to prioritize high-risk individuals for enhanced clinical surveillance, such as more 

frequent pelvic imaging, blood-based biomarkers like CA125, or enrollment in early detection 

trials. Additionally, knowledge of elevated genetic risk may facilitate shared decision-making 

regarding preventive strategies, such as risk-reducing salpingo-oophorectomy, particularly in 

cases with intermediate family history but elevated PRS (43).  

Incorporating PRS into clinical risk assessments may also help in selecting individuals 

for intensive screening or chemoprevention trials, especially since ovarian cancer often presents 

with vague, nonspecific symptoms and lacks effective screening modalities for the general 

population (12). The ability to improve early detection, when ovarian cancer is most treatable, 

could have a significant impact on survival outcomes, particularly for African American/Black 

women, who have historically experienced worse prognoses and limited access to early 

intervention strategies.  

However, one important limitation of this analysis is the inability to account for BRCA1 

and BRCA2 mutation status, which are high-penetrance, Mendelian-inherited risk factors for 

HGSOC. These mutations confer substantially higher lifetime ovarian cancer risks and are 

especially relevant for risk stratification and clinical decision-making (12). While we adjusted for 

self-reported family history of breast and ovarian cancer, family history is an imperfect proxy for 

underlying pathogenic variants. In the context of regression modeling, adjusting for family 

history means we are conditioning on it, that is, we are estimating the association between the 

polygenic risk score (PRS) and cancer risk independent of any effect attributable to family 

history. This does not incorporate family history into an integrated risk prediction model, but 



rather statistically accounts for its potential confounding or mediating role. Consequently, the 

PRS estimates reflect associations over and above the contribution of familial risk, allowing us to 

isolate the effect of common, low-penetrance variants captured by the PRS It may fail to capture 

mutation carriers from small or male-dominated families, individuals unaware of their relatives' 

diagnoses, or those who do not meet traditional clinical testing guidelines. Consequently, the 

observed associations between PRS and HGSOC risk may be partially confounded or diluted by 

unmeasured BRCA mutation status. Future analyses should aim to jointly model both PRS and 

monogenic risk variants to better disentangle their independent and interactive contributions to 

disease risk. 

Nonetheless, our findings support the continued integration of polygenic tools into 

precision public health frameworks, particularly for addressing persistent disparities in ovarian 

cancer outcomes. As PRS models improve and become more tailored to diverse populations, they 

could complement existing risk models to identify high-risk individuals who might benefit from 

enhanced surveillance or preventive measures. Importantly, implementation must be guided by 

attention to clinical validity, utility, and ethical concerns, especially for African American/Black 

populations, who face systemic barriers such as limited access to genetic counseling, historical 

mistrust of medical institutions, and inconsistent insurance coverage for genetic testing (12). 

Without addressing these structural inequities, PRS-based initiatives risk reinforcing rather than 

reducing disparities in cancer prevention and care. 

Our findings also highlight the histotype-specific nature of genetic risk for epithelial 

ovarian cancer (EOC). The absence of a statistically significant association between polygenic 

risk scores (PRS) and non-HGSOC histotypes reinforces the importance of stratifying by 

histologic subtype in genetic risk prediction studies. This specificity likely reflects the distinct 



molecular, cellular, and etiologic characteristics of each EOC subtype, which are increasingly 

understood to represent biologically separate diseases rather than variants along a single 

continuum. 

These molecular differences also align with divergent risk factor profiles. For instance, 

endometriosis is a strong risk factor for clear cell and endometrioid tumors but is not associated 

with HGSOC. Conversely, BRCA1/2 pathogenic variants strongly increase risk for HGSOC, but 

not for mucinous or low-grade serous cancers. Hormonal, reproductive, and lifestyle risk factors 

such as parity, oral contraceptive use, and obesity also exhibit subtype-specific associations (9). 

Therefore, it is not surprising that a PRS developed primarily from GWAS of HGSOC, 

where most of the heritability signal has been concentrated, would not perform well in predicting 

risk for other histotypes with different genetic underpinnings. The lack of association in our 

study supports the hypothesis that the genetic architecture of ovarian cancer is subtype-specific 

and that PRS models must be histotype-targeted to be both biologically meaningful and clinically 

useful. 

Strengths of this study include the use of a large, geographically diverse cohort of African 

American women and a focus on a specific histologic subtype with high clinical relevance. The 

African American Cancer Epidemiology Study (AACES) remains one of the few datasets that 

captures the genetic and epidemiologic diversity of Black women with epithelial ovarian cancer. 

Leveraging this unique resource enabled an in-depth analysis of polygenic risk scores (PRS) 

within a historically understudied population, enhancing the relevance and potential impact of 

our findings.  



The use of multinomial logistic regression allowed for simultaneous estimation of 

associations across multiple histologic subtypes of EOC, offering refined and specific insights 

into PRS associations for HGSOC versus other subtypes. This is particularly valuable in ovarian 

cancer research, where etiologic heterogeneity across histotypes may obscure findings in 

traditional binary analyses. Furthermore, the addition of binary logistic regression as a sensitivity 

analysis strengthens the rigor of our findings and enhances interpretability audiences who are 

more familiar with dichotomous outcome models. The consistency of effect estimates across 

modeling approaches increases confidence in the robustness of the observed associations  

Another methodological strength lies in our incorporation of multiple covariates 

including age, percent African ancestry, and family history of breast and ovarian cancer into the 

adjusted models. These variables reflect known confounders in ovarian cancer epidemiology, and 

their inclusion helps isolate the independent contribution of PRS to disease risk. Additionally, 

our stratified and percentile-based analyses offer a nuanced understanding of the distribution and 

impact of genetic risk across population subgroups.  

Nonetheless, limitations exist. Wide confidence intervals, particularly in regional and 

ancestry-adjusted models, suggest that some of the estimates may be imprecise due to limited 

sample sizes in specific strata. While this does not invalidate the findings, it does warrant caution 

in over-interpreting marginal effects. Moreover, the PRS model used in this study was derived 

from multi-ancestry genome-wide association studies (GWAS), which may still limit predictive 

performance in African ancestry populations despite our use of ancestry-adjusted models. Future 

efforts to recalibrate PRS using African ancestry-specific summary statistics are needed to 

enhance accuracy. While recalibrating polygenic risk scores (PRS) using African ancestry-

specific summary statistics is a promising direction, it currently remains challenging but 



essential, and its success will depend on several key developments. To address this gap, several 

strategies can be pursued to improve the accuracy and applicability of PRS for individuals of 

African ancestry. First, expanding the representation of African ancestry individuals in large-

scale genome-wide association studies (GWAS) and meta-analyses is essential. Although 

initiatives such as H3Africa and TOPMed have begun to address this imbalance, further 

expansion, particularly in cancer-focused studies, is critically needed (44). Second, trans-ethnic 

or multi-ancestry PRS development approaches can be employed. These models incorporate 

differences in linkage disequilibrium (LD) structure across populations and use methods such as 

PRS-CSx or multi-ancestry LDpred2 to improve score transferability and predictive performance 

(45). Third, fine-mapping and functional annotation efforts can leverage the greater genetic 

diversity of African populations to more precisely identify causal variants and prioritize 

biologically relevant loci, even with smaller sample sizes (46). Fourth, advanced statistical 

frameworks, including machine learning and Bayesian shrinkage-based methods, offer the 

flexibility to integrate cross-ancestry data while accommodating LD structure specific to African 

ancestry populations. Lastly, equitable investment in research infrastructure is vital. This 

includes ensuring access to genomic data, sequencing technologies, and computational resources, 

particularly for institutions and investigators working with African ancestry cohorts in both the 

U.S. and global contexts. Together, these efforts are crucial for building accurate and inclusive 

PRS tools that support equitable implementation of genomic medicine. In addition, limited 

imputation accuracy among individuals of African ancestry, stemming from lower linkage 

disequilibrium and underrepresentation in reference panels, remains a key technical barrier that 

can compromise SNP-level estimates and, by extension, PRS performance. 

 



As with many case-control designs, recall and selection bias may also be concerns. 

Certain exposures may modify the penetrance of polygenic risk and could be crucial in 

understanding the full landscape of ovarian cancer etiology, particularly among African 

American/Black women. However, detecting such gene–environment interactions typically 

requires very large, well-powered epidemiologic studies with detailed exposure assessment, 

resources that are not always available. 

To address this gap, experimental and molecular studies can serve as valuable 

complements to population-based research. For example, in vitro functional assays and cell line 

models can help identify how specific SNPs or genetic pathways respond to environmental 

stimuli such as endocrine-disrupting chemicals, oxidative stress, or hormonal exposures (47). 

Organoid models derived from fallopian tube or ovarian epithelium may offer insight into how 

cells with different genetic risk profiles react to environmental triggers at a molecular level (47). 

Animal models, such as genetically engineered mice carrying risk variants in genes like 

BRCA1/2 or TP53, could be used to explore how diet, inflammation, or carcinogen exposure 

modulates cancer risk in a controlled setting (48). Additionally, epigenomic and transcriptomic 

profiling of ovarian tumors stratified by polygenic risk or environmental exposures could reveal 

gene expression signatures or methylation patterns indicative of GxE mechanisms (48). 

Together, these approaches can help narrow the search space for population-level GxE 

studies and inform the development of integrative, biologically grounded risk prediction models. 

Future efforts should prioritize multidisciplinary collaborations that combine molecular 

epidemiology, genomics, and experimental systems to better understand the interplay between 

inherited genetic risk and modifiable exposures in ovarian cancer development. 



Additionally, while our study adjusted for ancestry proportion, population stratification 

remains a potential source of residual confounding in genetic association studies. The potential 

for misclassification of histologic subtypes, particularly in cases diagnosed at community 

hospitals with limited pathology review, may also introduce classification bias. This limitation is 

very unlikely as the study design accounts for centralized pathology review by an expert 

pathologist. Another challenge is the static nature of PRS, which does not account for temporal 

changes in risk factors or exposures, nor does it incorporate dynamic health behaviors over the 

life course. Finally, the clinical implementation of PRS remains limited by challenges in 

translation to actionable interventions, particularly in the absence of guidelines specific to PRS 

use in ovarian cancer prevention and screening among underrepresented groups.  

Future work should focus on validating this PRS model in independent African ancestry 

cohorts and exploring the integration of genetic, environmental, and social risk factors into a 

unified risk prediction framework. External validation in diverse datasets is crucial for assessing 

the model’s generalizability, refining predictive accuracy, and identifying population-specific 

thresholds for clinical use. In addition to replication, efforts should explore calibration and re-

weighting of PRS using African ancestry-specific effect sizes derived from larger GWAS 

consortia (40). However, this remains a highly challenging goal. As highlighted by Manichaikul 

et al., the development and validation of PRS in African ancestry populations are hindered by 

limited representation in GWAS, differences in linkage disequilibrium structure, allele frequency 

divergence, and lower trans-ancestry portability of risk estimates. These factors can lead to 

reduced discrimination, poor calibration, and ultimately limited clinical utility of PRS if not 

addressed through ancestry-aware modeling approaches. Although, achieving this goal will 

require substantial investment in the recruitment of African ancestry participants, increased 



collaboration across consortia, and the use of statistical methods that explicitly account for 

ancestry-specific genomic architecture. 

Investigating gene–environment interactions could uncover additional modifiers of 

genetic risk and further personalize prevention strategies. For instance, the impact of modifiable 

factors such as obesity, hormone therapy, and reproductive history may differ by PRS strata, 

providing insight into risk mitigation strategies tailored to genetic susceptibility (31). Studies that 

incorporate exposome data, neighborhood-level socioeconomic factors, and life-course 

exposures could lead to more holistic and actionable risk models (31).  

Finally, community-engaged research approaches should be prioritized to ensure that 

PRS implementation aligns with the values and preferences of African American women. This 

includes qualitative work on patient acceptability, preferences for return of results, and strategies 

for culturally sensitive communication of genetic risk. Ultimately, the goal is to move toward 

equitable precision medicine. Developing robust, ancestry-informed PRS models represents an 

essential step toward that objective. In tandem, addressing structural barriers to care, such as 

access, insurance, and provider bias, will be necessary to translate genetic risk insights into 

improved health outcomes for African American women.  
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