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Abstract 15 

Background 16 

Genetic risk scores could support risk-stratified prostate cancer screening, but their 17 

predictive performance may be limited in Black men, who are at greater risk and are 18 

underrepresented in genetic studies. We evaluated whether currently available genetic risk 19 

scores predict incident prostate cancer equitably in the UK, on fixed prediction horizons of 20 

2-, 5-, and 10-years. 21 

Methods 22 

Male participants with imputed genetic data were included from the UK Biobank and Our 23 

Future Health cohorts. Logistic regression models combining genetic risk scores with age 24 

and/or family history were used to predict diagnosis within 2, 5, and 10 years of either the 25 

assessment centre visit or participants’ 40th, 50th, or 60th birthday. Performance was 26 

evaluated using the area under the receiver operating characteristic curve, odds ratios per 27 

standard deviation increase in genetic risk score, risk stratification by model decile, and 28 

net benefit analysis. Primary analyses compared Black and White men based on self-29 

reported ethnicity. 30 

Results 31 

Adding the 269-variant multiethnic score to age in an integrated risk model improved 32 

discrimination in White men across all prediction horizons, increasing AUC by 8.69-33 

11.23%. In Black men, improvement was significant only over 10 years, increasing the AUC 34 

by 1.83%. Age alone was a stronger discriminative predictor in Black men, so models 35 
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combining age and genetic risk had similar AUC between groups. For the best-performing 36 

GRS, 10-year odds ratios per standard deviation were 2.18 [2.13 - 2.23] in White men and 37 

1.62 [1.40 - 1.88] in Black men. These GRS showed comparable case/control 38 

discrimination and association with diagnosis in age-specific screening scenarios in the 39 

Our Future Health cohort. Net benefit analysis revealed that the useful range of absolute 40 

risk thresholds is wider, and that optimal sensitivity and specificity is typically achieved at 41 

higher thresholds, in Black men. 42 

Conclusions 43 

Models combining age and genetic risk can achieve similar overall discrimination in Black 44 

and White men, but current GRS contribute little beyond age alone in Black men. Absolute 45 

risk thresholds may need to be higher in Black men to prevent overdiagnosis. Greater 46 

representation of underrepresented groups in Genome-Wide Association Studies is 47 

needed to improve GRS performance for Black men. 48 

Keywords: Genetic Risk Score, Polygenic Score, Prostate Cancer, Disparities, Ethnicity, 49 

Screening, Prediction, UK Biobank, Our Future Health, Genomics 50 

 51 



4 

 

Background 52 

Prostate cancer (PrCa) is a highly polygenic disease, with 451 common single-nucleotide 53 

polymorphisms (SNPs) having been identified as risk variants in Genome-Wide Association 54 

Studies (GWAS) (1,2). These variants can be accumulated as Genetic Risk Scores (GRS), 55 

where each included variant’s effect size is used to calculate an individual’s relative 56 

predisposition to PrCa, based on the risk variants they carry. Population-level analysis 57 

suggests that GRS can predict PrCa risk (1–4), but there are concerns that their 58 

discriminatory performance may be stronger for individuals genetically similar to European 59 

reference cohorts (hereafter EUR-like participants) compared to those genetically similar 60 

to African reference cohorts (hereafter AFR-like participants) (5,6). In the UK context, this 61 

suggests that Black men, who are at a significantly elevated risk of PrCa compared to 62 

White men (7), could benefit less from GRS implementation in primary care pathways and 63 

in PrCa screening programmes, exacerbating current health inequities. 64 

The latest PrCa GRS, developed by Conti et al. (2021) and later Wang et al. (2023), were 65 

derived from large multi-ethnic GWAS meta-analyses (1,2). To develop their 451-SNP PrCa 66 

GRS (GRS451), Wang et al. (2023) included 19,391 cases and 61,608 controls of AFR-like 67 

participants in their GWAS meta-analysis, plus 122,188 cases and 604,640 controls of 68 

EUR-like participants, making it the PrCa GWAS with the greatest number of AFR-like 69 

participants to-date (2). Although it outperforms the earlier 269-SNP score (GRS269), which 70 

included 10,368 AFR cases and 10,986 AFR controls (1), its association with PrCa remains 71 

weaker in AFR-like (OR per SD (MADCaP): 1.78 [1.67 - 1.90]) than EUR-like populations (OR 72 
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per SD (MGB): 2.21 [2.08 - 2.34]) (2). These findings suggest that greater representation of 73 

AFR-like populations in GWAS discovery cohorts could further improve risk prediction for 74 

Black men in the UK. 75 

Population-level polygenic risk scoring is a national priority in NHS England’s most recent 76 

10-year health plan and in the 2026 National Cancer Plan for England, but whether this 77 

would work equitably for Black men is unclear. Available evidence indicates weak 78 

associations between PrCa GRS and PrCa risk in AFR-like than in EUR-like men. For 79 

example, GRS269 showed a stronger association with PrCa diagnosis in EUR-like than AFR-80 

like UK Biobank participants (OR per SD: 2.04 vs. 1.35) (8). Similarly, a population-aware 81 

GRS derived from the same variants discriminated PrCa cases and controls more 82 

effectively in White than Black men (AUC: 0.70 vs. 0.63), although this difference 83 

disappeared after incorporating age into the prediction model (9). However, this study did 84 

not compare the integrated risk models to age-only models, so it is not clear whether the 85 

GRS added predictive value above age alone. Furthermore, both studies investigated 86 

anytime PrCa case-control status as their primary endpoint, meaning that participants had 87 

variable durations of follow-up, and it was not possible to assess the integrated model’s 88 

potential to detect incident PrCa. 89 

Using anytime case/control status as the primary outcome is typical of most PrCa GRS 90 

evaluation studies, but fails to generate the evidence that would be needed to consider the 91 

clinical application of GRS. Lifetime risk is not only non-specific but is also influenced by 92 

the age of the cases and controls in the cohort, inter-patient variability in the length of 93 

follow-up, and other factors. Other studies evaluate GRS-based prediction of incident 94 
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PrCa within 2, 5, or 10 years of a specified index date (start of observation window), but 95 

either do not compute analyses in Black men (10–13) do not compare performance of 96 

subpopulation-specific GRS weights against “cross-ancestry” weights (6); or do not use 97 

the latest trans-ancestry scores (14). Therefore, it is not known which currently available 98 

GRS is most suitable for Black men living in the UK, at what age GRS-based screening 99 

would be most useful, and how far into the future these models can faithfully predict PrCa 100 

diagnosis in Black men. 101 

The present study addresses these aspects by evaluating the ability of PrCa GRS published 102 

between 2018 and 2025 to predict 2-, 5-, and 10-year incident PrCa diagnosis in Black men 103 

living in the UK compared to White men, on both an absolute and relative risk scale. 104 

 105 
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Methods 106 

Throughout this manuscript, we used the terms “genetic similarity” and 107 

“EUR/AFR/EAS/SAS/CSA/MID/AMR-like” to describe genetic similarity groups based on 108 

guidance from the National Academies of Sciences, Engineering, and Medicine’s 2023 109 

consensus report on using population descriptors in Genetics and Genomics Research. 110 

Participants 111 

Male participants from the UK Biobank (field 31, “Sex”) and Our Future Health (field 112 

“DEMOG_SEX_1_1” and “DEMOG_SEX_2_1”) with linked imputed genotype data (UKB field 113 

22828, “Imputation from genotype” ; OFH field “imputed_bgen”) were included in this 114 

study. 115 

For UKB analyses, the index date was defined as the initial assessment center date (2006-116 

2010). Recruitment to OFH began in 2021 and is ongoing, resulting in limited follow-up 117 

data. As a result, index dates were fixed at participants’ 40th, 50th, and 60th birthdays 118 

(with the day set to the 16th of the birth month), or 31 December 2013, which at the time of 119 

analysis, marks 10 years prior to the latest cancer registry records in the dataset. For each 120 

scenario using 40th/50th/60th birthdays as index dates, any participant that was not old 121 

enough to have lived to the relevant index age was excluded from the analysis. 122 

Additionally, any control who was not old enough to have lived through the entire 123 

prediction horizon or died of any cause other than PrCa before the end of the prediction 124 

horizon was excluded from the OFH analysis. As this study aims to evaluate tools for 125 
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predicting incident rather than prevalent PrCa, we excluded any participant with a PrCa 126 

diagnosis prior to the index date in both datasets. 127 

Prostate cancer phenotype definition 128 

PrCa cases were defined as at least one record of “malignant neoplasm of prostate” using 129 

International Classification of Diseases (ICD) diagnosis codes (ICD9: 185; ICD10: C61) in 130 

the Cancer Register (UKB fields 40013 and 40006; OFH field SITE_ICD10_O2 in 131 

nhse_eng_canreg_pattumour), or those with these codes in the Hospital Episode Statistics 132 

(HES) (UKB fields 41271 and 41270; OFH “diag” fields in “nhse_eng_inpat” and 133 

“nhse_eng_outpat”), provided that a record was confirmed in the Death Register (UKB 134 

fields 40001 and 40002; OFH field S_COD_CODE_X/S_UNDERLYING_COD_ICD10 in 135 

nhse_engwal_deaths). 136 

Since stage and grade of cancer is not available in the UKB, actionable and severe PrCa 137 

diagnoses were defined as follows: 138 

• Actionable: a record of radiotherapy (Office of Population Censuses and Surveys 139 

Classification of Interventions and Procedures (OPCS-4) codes X65, X67, X68, X69, 140 

or Y91), prostatectomy (OPCS-4 code M61), or anti-androgen treatment (OPCS-4 141 

codes X74.1, X38.3, S52.5, S52.6, or X37.6) administration within 2 years of 142 

diagnosis, or any of the Severe criteria. 143 
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• Severe: a record of death from any cancer (ICD10 code C* as the primary or 144 

secondary cause of death), or chemotherapy administration (OPCS-4 codes X70, 145 

X71, X72, X73, or X74) within 2 years of diagnosis. 146 

Controls were defined as any male participant who did not fit the PrCa case criteria above, 147 

and also had no record of any of the PrCa-suggestive codes in Supplementary Table 1 in 148 

their HES, Cancer Register, Death Register, or Operative Procedures (UKB field 41272; OFH 149 

fields “OPERTN_XX” in nhse_eng_inpat and nhse_eng_outpat or “OPCS4_CODE” in 150 

nhse_eng_canreg_treat) records. 151 

Ethnicity and Genetic Similarity 152 

Self-reported ethnicity (UKB field 21000; OFH field “DEMOG_ETHNICITY_1_1”) was the 153 

primary grouping factor used in this work. White participants were defined as those who 154 

selected “White”, “British”, “Irish”, or “Any other White background” in UKB, or “White - 155 

English / Welsh / Scottish / Northern Irish / British”, “White Irish”, “White Gypsy or Irish 156 

Traveller”, “White Polish”, or “Any other White background” in OFH. Black participants 157 

were defined as those who selected “African”, “Caribbean”, “Any other Black 158 

background”, or “Black or Black British” in UKB, or “Black or Black British - African”, “Black 159 

or Black British - Caribbean”, or “Any other Black / African / Caribbean background” in 160 

OFH. 161 

Additionally, genetic similarity to the European (EUR) and African (AFR) Human Genome 162 

Diversity Project + 1,000 Genomes (HGDP + 1KG) reference populations was used as a 163 

sensitivity analysis. Genetic similarity is inferred from principal component analysis, where 164 
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participant genetic principal components are projected into the principal component 165 

space of the reference panel and clustered based on the original population labels used in 166 

the reference panel. This variable is defined in the UKB (field 30079, “Genomic ancestry”) 167 

as generated by the Pan-UKB Project (15). In Our Future Health, genetic similarity groups 168 

are provided as ancestry calls (OFH table “ofh_imputed_sample_ancestry.v6.tsv”), from 169 

which EUR was defined as “NW_WALES”, “SW_WALES”, “N_ENG_S_SCOT”, 170 

“NI_N_SCOT”, “C_S_UK”, “FINLAND”, “IRELAND”, “PORTUGAL_SPAIN”, “SE_EUROPE”, 171 

“N_EUROPE”, “E_EUROPE”, or “CW_EUROPE”; and AFR as “N_AFRICA”, “E_AFRICA”, 172 

“W_AFRICA”, “C_S_AFRICA”. 173 

Genetic Risk Scores 174 

Genetic Risk Score variant lists and per-allele weights were derived from the following 175 

studies: Conti et al. (2021), supplementary table 4 (1); Wang et al. (2023), supplementary 176 

table 4 (2); the BARCODE1 Pilot study (16), Polygenic Score (PGS) catalog entry 177 

PGP000726; and the Genomics Ltd “Standard PRS for prostate cancer” (17), UKB field 178 

26267. Since the Conti et al. and Wang et al. scores provide both overall (“multiethnic”) 179 

and subpopulation-specific SNP effect sizes for EUR-like, AFR-like, East Asian-like (EAS-180 

like), and Hispanic-like (HIS-like) groups, separate GRS calculations were performed for 181 

each set of per-allele weights. Although UKB participants were included in the GWAS 182 

meta-analysis that informed the SNPs and effect sizes included in the Wang et al. score 183 

(2), this was limited to EUR-like participants, meaning that the overfitting risk is lower when 184 

evaluating discriminative performance of this GRS in AFR-like or Black UKB participants. 185 
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Each participant’s Genetic Risk Score (𝐺𝑅ܵ௣) was calculated using PLINK2, using imputed 186 

genotype data and the additive formula: 187 

GRS௣ = ∑ 𝐺௜௣௜∈score × ௜2ߚ ௣ܰ  188 

Where (𝐺௜௣) is the participant’s number of effect alleles at variant i, (ߚ௜) is the natural log of 189 

the Odds Ratio for PrCa diagnosis corresponding to the effect allele at variant i, and ( ௣ܰ) is 190 

the number of non-missing score formula variants for the participant. 191 

Prior to inclusion in prediction models, each GRS column was scaled to population 192 

standard deviation units, standardised to the global population of men in the cohort (mean 193 

= 0, SD = 1). 194 

Covariates 195 

In UKB analyses, age is defined as the participant’s age at the initial assessment centre 196 

visit. In OFH analyses, age was only used as a covariate when 31 December 2013 was set 197 

as the index date, and is defined as the participant’s age at that date. In both cohorts, 198 

family history was defined as a recorded family history of i) PrCa in illnesses of father (UKB 199 

field 20107; OFH field “FATHER_DIAG_CANCER_1_M”), ii) breast cancer (BC) in illnesses of 200 

mother (UKB field 20110; OFH field “MOTHER_DIAG_CANCER_1_M”), or iii) PrCa or BC in 201 

illnesses of siblings (UKB field 20111; OFH field “SIBLING_DIAG_CANCER_1_M”), due to 202 

shared monogenic risk patterns between PrCa and BC. 203 
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Statistical Analysis 204 

All statistical analysis was performed in R version 4.4.0 (“Puppy Cup”) on the DNAnexus-205 

based UK Biobank Research Analysis Platform (UKB-RAP) and Our Future Health Trusted 206 

Research Environment (OFH-TRE). For all statistical tests, p values were adjusted within 207 

test families using the Benjamini-Hochberg (False Discovery Rate, FDR) method (18). 208 

Results are presented as Mean [95% Confidence Interval, CI] unless stated otherwise. For 209 

ROC curves, 95% confidence intervals are calculated using the DeLong method. 210 

The association between GRS, age, and/or family history with 2, 5, and 10-year risk of PrCa 211 

diagnosis was primarily assessed using logistic regression models and a corresponding 212 

Receiver Operating Characteristic (ROC) curve was used to assess discrimination. Odds 213 

Ratio of PrCa per standard deviation increase in GRS (OR per 1SD) was derived from the 214 

GRS coefficient in these models. Association of integrated risk models (IRMs) with PrCa 215 

diagnosis was also evaluated by stratifying absolute model-predicted risks into deciles and 216 

comparing the odds ratio of PrCa diagnosis for a specified decile to the median quintile 217 

[40-60%], both on a global and subpopulation-specific scale. Within-subpopulation AUC 218 

comparisons between models were made using paired DeLong tests, and AUC 219 

comparisons between populations for the same model were made using unpaired DeLong 220 

tests, unless stated otherwise. 221 

Algorithmic fairness metrics (sensitivity, specificity, positive predictive value, negative 222 

predictive value, treatment equality, and accuracy) at set model-predicted absolute risk 223 

thresholds were evaluated within-sample using the R package epi.tests. Thresholds were 224 
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determined using net benefit decision curves, where net benefit was calculated using the 225 

standard equation defined in (19): 226 

Net Benefit = TPܰ − (FPܰ × ௧1݌ −  ௧) 227݌

where ܰ is the total number of participants, ݌௧ is the absolute risk threshold used to define 228 

predicted cases, TP is the number of true positives at the risk threshold, and FP is the 229 

number of false positives at the risk threshold. 230 

Net benefit analysis is used to place the benefit (proportion of the population who are 231 

correctly identified as cases and would benefit from intervention) and harm (the proportion 232 

of the population who receive unnecessary intervention) on the same scale, where ݌௧ / (1 - 233 ݌௧) functions as the exchange rate between benefit and harm. 234 

From net benefit analysis, the lowest useful threshold was defined as the lowest threshold 235 

at which the net benefit curve for the model exceeded the net benefit of referring all 236 

participants (where all PrCa cases are true positives and all controls are false positives) or 237 

referring no participants (where TP and FP are 0, therefore net benefit = 0), while the 238 

highest useful threshold was defined as the highest threshold at which the net benefit 239 

curve for the model exceeded the net benefit of referring all participants and referring no 240 

participants. These thresholds, as well as the Youden’s J threshold, were then used as 241 

cutoffs for the purpose of calculating algorithmic fairness metrics. 242 

 243 



14 

 

Results 244 

Following phenotype definitions and control exclusions, 195354 White men (13155 cases, 245 

182199 controls) and 3056 Black men (284 cases, 2772 controls) were included in the UKB 246 

arm of this study (Table 1). 247 

Table 1: PrCa incident case and control counts by population and observation window 248 

Population Total Controls Cases Diagnosed within 2y Diagnosed within 5y Diagnosed within 10y 

UK Biobank 

Black 3056 2772 284 (9.3%) 43 (1.4%) 88 (2.9%) 204 (6.7%) 

White 195354 182199 13155 (6.7%) 1398 (0.7%) 3963 (2.0%) 9311 (4.8%) 

Our Future Health, screening at 31/12/2013 

Black 4196 4086 110 (2.6%) 10 (0.2%) 49 (1.2%) 110 (2.6%) 

White 268715 261097 7618 (2.8%) 968 (0.4%) 3107 (1.2%) 7605 (2.8%) 

Our Future Health, screening at age 40 

Black 3232 3101 131 (4.1%) <10 <10 10 (0.3%) 

White 239148 228826 10322 (4.3%) <10 24 (0.0%) 169 (0.1%) 

Our Future Health, screening at age 50 

Black 2051 1930 121 (5.9%) <10 17 (0.8%) 58 (2.8%) 

White 200958 190804 10154 (5.1%) 154 (0.1%) 555 (0.3%) 2113 (1.1%) 

Our Future Health, screening at age 60 

       Black 921 858 63 (6.8%) 15 (1.6%) 34 (3.7%) 53 (5.8%) 

       White 139561 131520 8041 (5.8%) 847 (0.6%) 2350 (1.7%) 5188 (3.7%) 

2, 5, and 10 years refers to time elapsed since the index date. “Screening” refers to a 249 

simulated date from which the observation window starts, and is set either to 31st 250 

December 2013 (10 years before the latest cancer registry update) or the date of 251 

participants’ 40th, 50th, and 60th birthdays. 252 
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GRS performance in UK Biobank 253 

GRS269 with “multiethnic” per-allele weightings (GRS269-Multi) was selected as the initial 254 

score formula for UKB analyses, as it is the most recent large GWAS meta-analysis that did 255 

not include UKB participants in its training data (1). Summary forest plots of GRS Receiver 256 

Operating Characteristic Area Under the Curve (ROC AUC) results following logistic 257 

regression, on 2-, 5-, and 10-year prediction horizons, are shown in Figure 1. 258 

 259 
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Figure 1: Forest plots summarising ROC AUC and OR per SD increase in GRS from 260 

logistic regression models combining GRS269-Multi and age to predict incident PrCa 261 

diagnosis. Results are shown for prediction horizons of 2, 5, and 10 years following the 262 

assessment centre visit. OR per 1SD refers to the Odds Ratio of PrCa diagnosis in the 263 

prediction window per SD increase in GRS, standardised to the global population of men in 264 

the cohort. GRS269-Multi refers to the Conti et al. (2021) GRS with “Multiethnic” per-allele 265 

weights. Figure generated in R version 4.6.0 (2026-04-24 ucrt) (“Because it was There”). 266 

In general, ROC AUC estimates decreased with longer prediction horizons. In White men, 267 

the addition of GRS269-Multi to Age in an integrated risk model (IRM) significantly improved 268 

case/control discrimination compared to age alone across all prediction horizons (ΔAUC: 269 

0.065 - 0.078, adjusted p value (padj): < 5.00e-08). Further addition of family history to these 270 

models significantly improved discrimination, but made a small difference to the point 271 

estimate (ΔAUC: 0.002 - 0.003, padj: ≤ 2.74e-04) (Supplementary Figure 1). 272 

In Black men, the addition of GRS269-Multi to Age in an IRM did not significantly improve 273 

case/control discrimination on a 2-year (ΔAUC: 0.019, padj: 0.08) or 5-year prediction 274 

horizon (ΔAUC: 0.011, padj: 0.13), but did significantly improve discrimination over 10 years 275 

(ΔAUC: 0.014, padj: 0.02). Across all prediction horizons, Age alone discriminated PrCa 276 

case/control status more effectively in Black men than in White men (ΔAUC: 0.063 - 0.086, 277 

padj: ≤ 6.22e-04), whereas GRS269-Multi alone discriminated case/control status more 278 

effectively in White men than in Black men on a 5-year (ΔAUC: -0.102, padj: 4.13e-03) and 279 

10-year prediction horizon (ΔAUC: -0.092, padj: 1.18e-04), but not on a 2-year prediction 280 

horizon (ΔAUC: -0.076, padj: 0.12). The AUC of IRMs combining GRS269-Multi and Age were 281 
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not significantly different between White and Black men for any prediction horizon (padj > 282 

0.05 for all) (Supplementary table 5), though the OR of PrCa diagnosis per SD increase in 283 

GRS associated with these models was generally lower in Black men (10-year OR per SD: 284 

1.43 [1.23 - 1.66]) than in White men (10-year OR per SD: 2.11 [2.07 - 2.16]). Addition of 285 

family history to any model in Black men did not significantly increase AUC (padj > 0.05 for 286 

all) (Supplementary Figure 1; Supplementary Table 5). 287 

These findings were almost identical when testing in EUR and AFR men as a sensitivity 288 

analysis (Supplementary Figure 1). 289 

These analyses were repeated for Actionable and Severe PrCa as the outcome 290 

(Supplementary Figure 2). Fewer than 10 cases of Severe PrCa were diagnosed among 291 

Black men in 10 years, compromising the ability to meaningfully compare discriminative 292 

performance. 77 cases of Actionable PrCa occurred in Black men over 10 years. As with 293 

overall PrCa, GRS269-Multi alone was a better predictor of 10-year PrCa diagnosis in White 294 

men than in Black men (ΔAUC: -0.088, padj = 0.01) and AUC did not significantly differ 295 

between groups with a GRS + age IRM (ΔAUC: -0.048, padj = 0.14), though addition of 296 

GRS269-Multi to age in an IRM did not significantly increase AUC above age alone for Black 297 

men (ΔAUC: 0.025, padj = 0.16) (Supplementary table 5; Supplementary table 6). 10-year OR 298 

per SD increase in GRS269-Multi was comparable with overall PrCa in White men (2.13 [2.06 299 

- 2.21; GRS269-Multi + Age model]) and Black men (1.49 [1.19 - 1.88; GRS269-Multi + Age 300 

model]) (Supplementary table 3). 301 
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Having established that GRS269-Multi performs optimally when combined with Age in an 302 

integrated risk model across all prediction horizons, and that these analyses are best 303 

powered to detect differences on a 10-year prediction horizon due to increased case 304 

numbers, we then investigated whether participants assigned to higher or lower risk 305 

deciles by these models had significantly higher or lower odds of PrCa diagnosis, 306 

respectively, compared to the median quintile [40-60%]. To do this, we calculated the OR 307 

of 10-year PrCa diagnosis by GRS + Age IRM decile relative to the median group [40-60%] 308 

(Figure 2). 309 

 310 
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Figure 2: Odds Ratio of PrCa diagnosis by Age + GRS269-Multi IRM decile and ethnicity, 311 

relative to the median quintile (40-60%). Results are shown for a 10-year prediction 312 

horizon following the UK Biobank assessment centre visit. Decile bins were standardised 313 

by the global population of men in the cohort. Figure generated in R version 4.6.0 (2026-04-314 

24 ucrt) (“Because it was There”). 315 

Using the median quintile as the reference group, the top decile of the Age + GRS269-Multi 316 

IRM had a significantly increased 10-year OR of PrCa diagnosis of 5.99 [5.60 - 6.41, p < 317 

5.00e-08] for White men and 4.38 [2.84 - 6.75, p = 1.47e-12] for Black men. In the bottom 318 

decile, 10-year odds of PrCa diagnosis was significantly lower than that of the median 319 

quintile in White men (0.06 [0.04 - 0.08, p = 1.64e-165] but results were inconclusive for 320 

Black men (0.07 [0.00 - 1.12, p = 3.20e-03]) (Figure 2), due to small numbers of Black men 321 

having an IRM score in the bottom decile when standardising to the global population of 322 

men in the cohort. A sensitivity analysis using subpopulation-standardised decile bins 323 

revealed that Black men in the top IRM decile had a 10-year OR compared to the median 324 

quintile for Black men (5.43 [3.44 - 8.57, p = 4.29e-14]) that was comparable with that of 325 

White men compared with the median quintile for White men (5.90 [5.51 - 6.31, p < 5.00e-326 

08]) (Supplementary Figure 3). Similarly, the bottom IRM decile had a significantly lower 327 

10-year OR when comparing to subpopulation-specific median quintiles in Black men 328 

(0.03 [0.00 - 0.51, p = 5.02e-06]) and White men (0.06 [0.04 - 0.08, p = 1.39e-168]) 329 

(Supplementary Figure 3). 330 

Head-to-head analyses were then performed on a 10-year prediction horizon for other 331 

PrCa GRS (Figure 3). The GRS most strongly associated with 10-year PrCa diagnosis was 332 
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the Genomics Ltd GRS in both White men (OR per SD: 2.18 [2.13 - 2.23; GRS + Age model]) 333 

and Black men (OR per SD: 1.62 [1.40 - 1.88; GRS + Age model]). The second-most strongly 334 

associated GRS were GRS269-Multi in White men (OR per SD: 2.11 [2.07 - 2.16; GRS + Age 335 

model]) and GRS451 using AFR-specific per-allele weights (hereafter GRS451-AFR) in Black 336 

men (OR per SD: 1.57 [1.35 - 1.82; GRS + Age model]), performing similarly to the 337 

Genomics Ltd GRS. In Black men, no GRS + Age model significantly improved ROC AUC 338 

beyond GRS269-Multi + Age (p > 0.05 for all comparisons) (Supplementary table 6). 339 

 340 
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Figure 3: Head-to-head comparison of GRS269-Multi and BARCODE1, GRS269-AFR, 341 

GRS451-AFR, and Genomics Ltd’s “Standard PRS for Prostate Cancer” as predictors of 342 

incident PrCa diagnosis. OR per 1SD refers to the Odds Ratio of PrCa diagnosis in the 10-343 

year prediction window per SD increase in GRS, standardised to the global population of 344 

men in the cohort. GRS269-AFR and GRS451-AFR refer to the 269-SNP GRS from Conti et al. 345 

(2021) and the 451-SNP GRS from Wang et al. (2023), calculated using per-allele weights 346 

specific to the AFR-like participants in these studies. Figure generated in R version 4.6.0 347 

(2026-04-24 ucrt) (“Because it was There”). 348 

GRS performance in Our Future Health 349 

At the time of writing, the Genomics Ltd “Standard PRS for Prostate Cancer” is not 350 

available in the OFH dataset. As a result, the second best-performing GRS - GRS269-Multi 351 

for White men and GRS451-AFR for Black men - were then tested as predictors of incident 352 

PrCa diagnosis in OFH (Figure 4). 353 
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 354 

Figure 4: Comparison of second best-performing GRS between White and Black men 355 

across screening dates in the Our Future Health cohort. GRS269-Multi and GRS451-AFR 356 

were the second best-performing GRS for White and Black men, respectively. OR per 1SD 357 

(Global) refers to the Odds Ratio of PrCa diagnosis in the 10-year prediction window per SD 358 

increase in GRS, standardised to the global population of men in the cohort. Figure 359 

generated in R version 4.6.0 (2026-04-24 ucrt) (“Because it was There”). 360 
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Among the age-specific index dates, GRS performance was highest when screening was 361 

simulated at age 40, as measured by ROC AUC (White men: 0.771 [0.738 - 0.804]; Black 362 

men: 0.807 [0.667 - 0.948]) and OR per 1SD (White men: 2.67 [2.31 - 3.08]; Black men: 3.05 363 

[1.73 - 5.39]). The greatest disparity in GRS discriminative performance between White and 364 

Black men was observed when screening at 50 years of age, with a suggestive difference in 365 

ROC AUC (White men: 0.736 [0.726 - 0.747]; Black men: 0.697 [0.626 - 0.767]), though this 366 

difference was not significant (ΔAUC: 0.040, padj: 0.44). 367 

For the models summarised in Figure 4, we then sought to determine algorithmic fairness 368 

metrics (sensitivity, specificity, PPV, NPV, Treatment Equality, and Accuracy). For this, a 369 

model-predicted absolute risk threshold needs to be determined. As well as set thresholds 370 

of 1%, 2%, 3%, 4%, 5%, and 10% absolute risk, additional thresholds were derived from 371 

net benefit analysis and the Youden’s J method. Net benefit decision curves were plotted 372 

in order to determine the range of absolute risk thresholds at which referring participants 373 

for further investigation based on model predictions confers a net benefit over referring all 374 

or referring none. Representative net benefit curves are shown for an index date of 375 

31/12/2013 in Figure 5. 376 
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 377 

Figure 5: Representative Net Benefit Curves for Black and White Men. Curves were 378 

plotted using logistic regression models predicting 10-year PrCa diagnosis using 379 

31/12/2013 as the index date, with GRS451-AFR as a predictor for Black men and the GRS269-380 

Multi as a predictor for White men, using age at 31/12/2013 as a covariate. The “Model” 381 

line (Blue) represents the net benefit of referring participants for further investigation 382 

based on model predictions. The “Treat All” line (Red) represents the net benefit of 383 

referring all participants for further investigation. The “Treat None” line (Green) represents 384 

the net benefit of referring no participants for further investigation. Figure generated in R 385 

version 4.6.0 (2026-04-24 ucrt) (“Because it was There”). 386 

The useful range of absolute risk thresholds was generally wider for Black men. When 387 

screening at 31/12/2013, the model provided net benefit over referring all and referring 388 

none between thresholds 1.0% - 38.0%. When screening at ages 50 and 60, no highest 389 

useful threshold was found between 1 - 50%, suggesting that referring according to the 390 

model still provides some net benefit over referring none or referring all in Black men even 391 

at high thresholds. For White men, this range is smaller when screening at age 50 (1.0% - 392 
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23.0%) and at 31/12/2013 (1.0% - 20.0%). In the age-specific scenarios, the Youden’s J 393 

threshold was typically higher for Black men (age 50: 7.0%; age 60: 41.0%) than for White 394 

men (age 50: 2.0%; age 60: 8.0%). At the fixed screening date 31/12/2013, an IRM 395 

combining GRS and age yielded the same Youden’s J threshold for White men and Black 396 

men (2.0%), producing similar algorithmic fairness results (Supplementary table 8). 397 
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Discussion 398 

This study is the first to assess the utility of the latest PrCa GRS as predictors of future 399 

PrCa diagnosis in two cohorts of Black men in the UK, using both “multiethnic” and AFR-400 

specific weights from the latest trans-ancestry GWAS (1,2). Our core finding that currently 401 

available PrCa GRS minimally improve 10-year case/control discrimination beyond age 402 

alone in Black men (Figures 1 and 3) is supported by a previous study from Tanha et al. 403 

(2025). In this study, the authors found that the ROC AUC for 5-year incident PrCa 404 

diagnosis was ~0.81 for AFR-like men and ~0.79 for EUR-like men using an IRM of GRS269 + 405 

Age, compared to ~0.79 for AFR-like men and ~0.71 for EUR-like men using age alone in the 406 

UK Biobank (6), a result we replicate (Supplementary figure 1). Why age alone is a stronger 407 

predictor of PrCa risk in Black men than in White men is unknown, but could be influenced 408 

by the lower median age at baseline of AFR-like vs EUR-like men (50 vs 58, respectively) (6). 409 

We build on this work by stratifying based on self-reported ethnicity as well as genetic 410 

similarity to reference populations, by extending the prediction horizon to 10 years to 411 

achieve greater statistical power, and by implementing best-performing GRS in age-412 

specific screening scenarios in the Our Future Health cohort. 413 

We also find that the association between GRS269 and PrCa diagnosis is stronger in White 414 

men (OR per SD: 2.11 [2.07 - 2.16]) compared to Black men (OR per SD: 1.43 [1.23 - 1.66]) 415 

in the UK Biobank, consistent with previous findings from Judd et al. (2025) (EUR OR per SD 416 

= 2.04 [2.00-2.09]; AFR OR per SD = 1.35 [1.16-1.58]) (8), with small differences expected 417 

due to their use of all-time PrCa case/control status and within-subpopulation z-418 
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transformation of GRS269. In addition to this, we also find that GRS451-AFR, which was 419 

developed by meta-analysing a large cohort including 19,391 AFR-like cases and 61,608 420 

AFR-like controls (2), has a suggestively higher association with PrCa diagnosis in Black 421 

men (OR per SD: 1.57 [1.35 - 1.82]) than GRS269-Multi and GRS269-AFR (Figure 3). Since the 422 

GWAS meta-analysis that produced GRS269 included 10,368 AFR-like cases and 10,986 423 

AFR-like controls, this supports the hypothesis that greater representation of Black/AFR-424 

like men in large GWAS meta-analyses of prostate cancer will help to further identify AFR-425 

specific variants and to reduce the disparity in GRS predictive performance. Interestingly, 426 

GRS451-AFR produced a similar OR per SD (2.08 [2.03 - 2.13; GRS + Age model]) to GRS269-427 

Multi in White men, suggesting that using per-allele effect sizes derived from a 428 

mismatched genetic similarity population makes little difference provided that the 429 

included SNPs are largely similar. 430 

At the time of writing, there is no national, population-wide PrCa screening programme in 431 

the UK. In an attempt to simulate what an age-based PrCa screening programme 432 

incorporating GRS would look like, and to normalise age between White and Black men, we 433 

carried forward the best-performing publicly available GRS from the UK Biobank analyses 434 

into the Our Future Health cohort and applied these as predictors of prostate cancer 435 

diagnosis between ages 40-50, 50-60, and 60-70; or at an arbitrary date in the past 436 

(31/12/2013) where we had sufficient follow-up to determine PrCa outcomes. We found 437 

that the GRS produced the greatest ROC AUC and OR per SD when used as a predictor of 438 

10-year PrCa status at age 40 (Figure 4), though large confidence intervals for Black men 439 

make this result unstable. In all age-specific scenarios, there was no difference in ROC 440 
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AUC or OR per SD between White and Black men, suggesting that these GRS could be used 441 

equitably if applied in this context. 442 

When using these models to predict absolute 10-year risk of prostate cancer diagnosis, it 443 

is unclear where the “high-risk” threshold should be placed for the purpose of prioritising 444 

individuals for further screening, testing, or referral, and depends on the relative benefit of 445 

identifying a true case of prostate cancer against the harms of unncessary interventions for 446 

healthy individuals. Net benefit analysis suggested that, across all screening scenarios, 447 

the range of thresholds at which referring individuals according to GRS model predictions 448 

is beneficial the same as, or wider, for Black men than for White men (Figure 5). 449 

Additionally, the absolute risk threshold that produces optimal sensitivity/specificity was 450 

either the same as that for White men or higher across all scenarios for Black men 451 

(Supplementary table 8). For example, we find that in our scenario of screening at age 50 452 

that the Youden’s J threshold is higher for Black men (7.0%) than for White men (2.0%) to 453 

achieve similar sensitivity (0.57 vs 0.53) and specificity (0.74 vs 0.79). These results 454 

suggest that absolute risk thresholds for referral would be set higher for Black men to 455 

account for their increased background risk of prostate cancer diagnosis, in order to 456 

prevent overtesting and/or overdiagnosis. 457 

Limitations 458 

This study has several limitations. Firstly, since OFH is a research programme with 459 

recruitment beginning in 2021 and that is ongoing, most of the PrCa cases included in this 460 

analysis were prevalent, rather than incident cases. Using a date in the past before the 461 
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assessment centre date as the index date confers a survivor bias, since all participants 462 

must have survived until the date at which they joined the study. Therefore, these PrCa 463 

cases are likely to be less severe than the incident cases identified in the UK Biobank. This 464 

carries important implications for screening, since the identification of benign or indolent 465 

prostate cancer cases may exacerbate the overdiagnosis issue rather than address it. This 466 

is also a limitation of the UKB arm of the study, as the UKB does not yet provide stage, 467 

grade, or Gleason score of a tumour in the cancer registry records. As a proxy, we checked 468 

for follow-up events relating to chemotherapy, radiotherapy, hormone therapy, 469 

prostatectomy, or death, but we lacked sufficient cases of severe PrCa in Black men to 470 

meaningfully compare GRS performance in this context. From the evidence available to us, 471 

we did find that the association of GRS269-Multi with overall 10-year PrCa (1.43 [1.23 - 1.66; 472 

GRS269-Multi + Age model]). and actionable 10-year PrCa (1.49 [1.19 - 1.88; GRS269-Multi + 473 

Age model]) were similar in Black men (Supplementary Figure 2). 474 

Furthermore, there are disparities in phenotype definitions between the UKB and OFH 475 

arms of this study. This is due to the closure of the UK Biobank in April 2026, meaning that 476 

results could not be updated beyond this point. In the UKB analyses, controls who died 477 

before the end of the prediction horizon of a non-PrCa cause were not excluded but were 478 

excluded in OFH, and control exclusion criteria included several OPCS-4 codes that were 479 

later removed from the control exclusion criteria for OFH analyses (Supplementary Table 480 

1). This is unlikely to change results due to the large numbers of controls in both datasets, 481 

but this inconsistency merits mentioning. 482 
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Conclusions 483 

Integration of currently available PrCa GRS with age in an IRM achieves similar 484 

discrimination of PrCa case/control status in both Black and White men within 2, 5, and 485 

10-years of follow up, but the added benefit of GRS is minimal compared to age-only 486 

models in Black men. Enrichment of GWAS meta analysis cohorts with additional cases 487 

and controls of AFR-like men appears to strengthen case/control discrimination and 488 

association of the resulting GRS with PrCa diagnosis. For equitable clinical risk prediction 489 

in primary care, age of the patient must be accounted for, and the discrepancy in 490 

association strength between GRS and prostate cancer risk between White and Black men 491 

should be considered. Further improvements in GRS performance for Black men will likely 492 

be mediated through increased representation in genetic research studies. 493 

 494 
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List of abbreviations 495 

AFR/AFR-like Genetic Similarity to African Reference Populations 496 

AUC Area Under the Curve 497 

BC Breast Cancer 498 

CI Confidence Interval 499 

EAS/EAS-like Genetic Similarity to East Asian Reference Populations 500 

EUR/EUR-like Genetic Similarity to European Reference Populations 501 

FDR False Discovery Rate 502 

FHx Family History 503 

GRS Genetic Risk Score 504 

GRS269 Genetic Risk Score based on 269 variants from Conti et al. (2021) 505 

GRS269-AFR Genetic Risk Score based on 269 variants from Conti et al. (2021) using per-506 

allele effect sizes estimated in African ancestry populations 507 

GRS269-Multi Genetic Risk Score based on 269 variants from Conti et al. (2021) using per-508 

allele effect sizes estimated for all ancestry populations 509 

GRS451 Genetic Risk Score based on 451 variants from Wang et al. (2023) 510 

GRS451-AFR Genetic Risk Score based on 451 variants from Wang et al. (2023) using per-511 

allele effect sizes estimated in African ancestry populations 512 

GRS451-Multi Genetic Risk Score based on 451 variants from Wang et al. (2023) using per-513 

allele effect sizes estimated for all ancestry populations 514 

GWAS Genome-Wide Association Study 515 
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HIS/HIS-like Genetic Similarity to Hispanic Reference Populations 516 

HGDP Human Genome Diversity Project 517 

ICD International Classification of Diseases 518 

IRM Integrated Risk Model 519 

NPV Negative Predictive Value 520 

padj p-value adjusted using the Benjamini-Hochberg False Discovery Rate (FDR) method 521 

PPV Positive Predictive Value 522 

PrCa Prostate Cancer 523 

PGS Polygenic Score 524 

OFH Our Future Health 525 

OFH-TRE Our Future Health Trusted Research Environment 526 

OPCS Office of Population Censuses and Surveys Classification of Interventions and 527 

Procedures 528 

OR Odds Ratio 529 

ROC Receiver Operating Characteristic 530 

SD Standard Deviation 531 

SNP Single Nucleotide Polymorphism 532 

TE Treatment Equality 533 

UKB UK Biobank 534 

UKB-RAP UK Biobank Research Analysis Platform 535 

1KG 1000 Genomes Project 536 
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Supplementary Figure Legends 666 

Supplementary Figure 1: ROC AUC and OR of PrCa diagnosis per SD increase in GRS 667 

from logistic regression models combining GRS269, Age, and Family History (FHx) to 668 

predict incident PrCa diagnosis. Results shown for self-reported ethnicity groups 669 

(“White”, “Black”) and genetic similarity groups (“EUR”, “AFR”) 670 

Supplementary Figure 2: ROC AUC and OR of Actionable PrCa diagnosis per SD 671 

increase in GRS from logistic regression models combining GRS269, Age, and Family 672 

History to predict incident PrCa diagnosis. Results shown for self-reported ethnicity 673 

groups (“White”, “Black”) and genetic similarity groups (“EUR”, “AFR”) 674 

Supplementary Figure 3: Odds Ratio of PrCa diagnosis by Age-only / Age + GRS269-Multi 675 

IRM decile; and ethnicity, relative to the median quintile (40-60%). Results are shown 676 

for a 10-year prediction horizon following the UK Biobank assessment centre visit. Decile 677 

bins were standardised A) within subpopulation groups; and B) within the global 678 

population of men in the cohort. Figure generated in R version 4.6.0 (2026-04-24 ucrt) 679 

(“Because it was There”). 680 
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