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We identified three SNPs (rs76229939, rs74421890, and rs5013678), using cross-

validation, that significantly improved performance of a previously published polygenic 

hazard model (PHS46) in men of African genetic ancestry. The performance of the novel 

PHS46+African score improved by as much as 79% after incorporation of rs76229939, 

rs74421890, and rs5013678. PHS46+African significantly improved association between 

polygenic risk with age at diagnosis of prostate cancer in Africans, a population generally 

under-served in genome-wide studies, to levels comparable with Europeans.  



Abstract 

Polygenic hazard score (PHS) models are associated with age at diagnosis of prostate 

cancer. Our model developed in Europeans (PHS46), showed reduced performance in 

men with African genetic ancestry. We used a cross-validated search to identify SNPs 

that might improve performance in this population. Anonymized genotypic data were 

obtained from the PRACTICAL consortium for 6,253 men with African genetic ancestry. 

Ten iterations of a ten-fold cross-validation search were conducted, to select SNPs that 

would be included in the final PHS46+African model. The coefficients of PHS46+African 

were estimated in a Cox proportional hazards framework using age at diagnosis as the 

dependent variable and PHS46, and selected SNPs as predictors. The performance of 

PHS46 and PHS46+African were compared using the same cross-validated approach. 

Three SNPs (rs76229939, rs74421890, and rs5013678) were selected for inclusion in 

PHS46+African. All three SNPs are located on chromosome 8q24. PHS46+African 

showed substantial improvements in all performance metrics measured, including a 75% 

increase in the relative hazard of those in the upper 20% compared to the bottom 20% 

(2.47 to 4.34) and a 20% reduction in the relative hazard of those in the bottom 20% 

compared to the middle 40% (0.65 to 0.53). In conclusion, we identified three SNPs that 

substantially improved the association of PHS46 with age at diagnosis of prostate 

cancer in men with African genetic ancestry to levels comparable to Europeans. 



Introduction 

Polygenic models can provide personalized estimates of the risk of developing 

prostate cancer. In the context of survival analysis, these models can provide insight into 

age at diagnosis of prostate cancer, and thus could be used to guide decisions on 

whether and when to offer screening1. Studies of polygenic models have often included 

only individuals of European genetic ancestry, owing to greater availability of data from 

that population2,3. As a consequence, these models have been tailored to identify and 

estimate coefficients of genetic common variants for that particular population, while 

potentially missing variants that may hold value in other populations2. There is concern 

that using these European-focused models could actually exacerbate health disparities2–

4.  

As an example, our group recently published on the performance of a polygenic 

hazard score (PHS) originally developed using a European dataset, in a multi-ethnic 

dataset consisting of individuals of European, African, and Asian genetic ancestry5. The 

model (called here PHS46, referred to in the referenced manuscript as PHS2), includes 

46 single nucleotide polymorphisms (SNPs) in its calculation and was strongly 

associated with age at diagnosis in all three genetic populations (p<10-16). However, the 

hazard ratio for prostate cancer between individuals in the upper 20th percentile to those 

in the lower 20th percentile of PHS46 was approximately half as large for those with 

African genetic ancestry (2.6) as it was for those with European (5.6) or Asian (4.6) 



ancestry. A similar pattern was observed for clinically significant prostate cancer and for 

death from prostate cancer. 

In the current study, we attempt to bridge the apparent gap in model performance 

of PHS46 for individuals with African genetic ancestry. To this end, we used a machine 

learning approach to systematically search for SNPs that add statistical value to a base 

model of PHS46 among African men (PHS46+African). By including PHS46 as a 

covariate in our SNP search, we sought to identify those SNPs that may hold particular 

value for individuals with African genetic ancestry.  

Material and Methods  

Study dataset  

We obtained genotype and phenotype data from the Prostate Cancer Association 

Group to Investigate Cancer Associated Alterations in the Genome (PRACTICAL)6 

consortium for this study. Genotyping was performed using the OncoArray platform6,7 

and had undergone quality assurance steps, as described previously8. The study dataset 

contains no overlap with that used to estimate model coefficients of PHS46. It is a 

subset of another dataset wherein the performance discrepancy of PHS46 between 

different genotypic ancestries was first observed5. All 46 SNPs of PHS46 were directly 

genotyped on the OncoArray platform. 

The genotypic ancestry of each individual was also determined previously6,9. In 

total, the African dataset consisted of data from 6,253 men with African genotypic 

ancestry. Missing SNP calls were replaced with the mean of the genotyped data for that 



SNP in the African dataset. The percentage of individuals with missing SNP calls ranged 

from 0 to 5.9% across the SNPs, while the percentage of SNPs with missing calls 

ranged from 0.5% to 5.1% across the individuals. Individuals without prostate cancer 

were censored at age at last follow-up in the Cox proportional hazards models. A 

description of the PRACTICAL study groups that contributed data towards this analysis 

are described in Supplementary Table 1. PHS46 risk score for each individual in the 

African dataset was estimated as the sum of SNP allele counts (X) multiplied by their 

respective coefficients (β)5:  

SNP-scan 

A multi-step approach was used to select SNPs, from those directly genotyped 

on the OncoArray platform, that would improve the performance of PHS46 in the African 

dataset. Training and testing sets were generated using 10 iterations of a 10-fold cross-

validation structure resulting in 100 total permutations. For each permutation, a 

multivariable logistic regression model using case/control status as the dependent 

variable was estimated using each genotyped SNP in turn, adjusting for PHS46 and four 

principal components based on genetic ancestry, determined previously9. SNPs with p-

values less than 1x10-6 were considered for further analysis. In order of increasing p-

value, each SNP was tested in a multiple Cox proportional hazards model, after 

adjusting for PHS46, four ancestral principal components, and previously selected 



SNPs. The Cox model in the SNP-scan used age at diagnosis of prostate cancer as the 

dependent variable. If the p-value of the coefficient of the tested SNP was less than 

1x10-6, it was considered for the final model in that permutation. SNPs that reached this 

p-value threshold in more than 50% of the permutations were selected to construct the 

PHS46+African model, consisting of PHS46 and the newly identified SNPs.  

Comparing performance between PHS46 and PHS46+African – Hazard Ratio 

For each permutation of the previously described cross-validation structure, an 

PHS46+African Cox proportional hazards model was estimated in the training set using 

PHS46 and the selected SNPs as independent predictors. The PHS46+African risk 

score for each individual is then estimated using the corresponding PHS46 score, 

selected SNP allele counts (Y) and their respective coefficients (α): 

The performance of the PHS46+African and PHS46 models was then determined in the 

cross-validation testing set, and the resulting hazard ratios (HR) were obtained, as 

previously described1. For each model, the PHS risk scores within the cross-validation 

testing set are assigned to quantile groups identified using the corresponding training set 

control values. The hazard ratio between two quantile groups, such as those in the top 

20% to those in the bottom 20%, is estimated as the exponential of the difference in 

mean PHS values for each group. In this calculation, the PHS values are linearly scaled 

by a sample-weight correction factor, to account for case-control sampling1,5,10. Three 



HR were calculated: HR80/20 (top 20% to bottom 20%), HR98/50 (top 2% to middle 

40%) and HR20/50 (bottom 20% to middle 40%). The average HR across permutations 

for both PHS46+African and PHS46 are reported.  

To allow for comparisons with previously published results, the performance 

metrics for PHS46 and PHS46+African were also estimated for age at diagnosis of 

clinically significant prostate cancer. When estimating performance for clinically 

significant prostate cancer, controls and non-clinically significant cancers were censored 

at age of last follow-up and age of diagnosis, respectively. The previously used criteria 

for clinically significant cancer were any of: Gleason score >=7, stage T3-T4, PSA 

concentration >= 10ng/mL, pelvic lymph nodal metastasis, or distant metastasis1. Paired 

t-tests were used to test for statistically significant differences (α = 0.05) in HR between 

PHS46+African and PHS46. 

Additionally, in each permutation, the performance of a Cox model consisting of 

PHS46 and SNPs that were considered in that permutation was also estimated. These 

results are provided within the Supplementary Table 2 and provide performance 

estimates that are not prone to information leakage from training to testing set.   

Comparing performance between PHS46 and PHS46+African – C-index 

In addition to the hazard ratio, the performances of PHS46 and PHS46+African 

were compared using Harrell’s c-index11. For each permutation of the aforementioned 

cross-validation structure, the c-index of PHS46 and PHS46+African scores were 

estimated in the testing fold using the “coxph” function in the R “survival” package. 



Paired t-tests were used to test for statistically significant differences (α = 0.05) between 

the two models.  

Characterization of PHS46+African 

Coefficients of the PHS46+African model, consisting of PHS46 and the SNPs 

selected in the SNP-scan, were estimated using 1000 bootstrapped samples of the 

African dataset.  

Clinical utility of PHS46+African 

As an example of the clinical utility of the PHS46+African risk score, the risk-

equivalent age was estimated for those individuals in the upper 2 percentile of the 

distribution of PHS46+African risk scores. The risk-equivalent age, as defined 

previously12, is when an individual from a given PHS percentile has prostate cancer risk 

equivalent to the average 60-year-old man. The age-specific general cumulative 

incidence curve was generated using data from SEER*Explorer incidence rates by age 

at diagnosis, 2003-2017 for Black Americans13. The corresponding risk-adjusted 

incidence curve was estimated by multiplying the general cumulative incidence curve by 

the mean value of HR98/50 for PHS46+African obtained from the analysis of the age-of-

diagnosis of prostate cancer. The risk-equivalent age was then calculated as the age at 

which the risk-adjusted cumulative incidence curve had the same value as the general 

cumulative incidence curve at age 60.  



Results 

Individual and OncoArray characteristics 

In total, there were 3,013 men with (cases) and 3,240 men without (controls) 

prostate cancer in the African dataset. The mean [95% CI] ages of cases and controls 

were 62.4 [62.1, 62.7] and 61.8 [61.4, 62.1] years respectively. The OncoArray 

genotypic data, after the quality assurance process, included 444,323 SNPs.   

Single Nucleotide Polymorphism (SNP)-scan 

Across the 100 permutations of the cross-validation iterations, a total of twelve 

SNPs were considered for final selection (Supplementary Table 3). Three SNPs were 

selected in more than 50% of the permutations and included in the final PHS46+African 

model. By cross-referencing the chromosomal positions against dbSNP14, these variants 

were identified as rs7622993915, rs7442189016, and rs501367817. All three SNPs (Table 

1) are located on chromosome 8q24, a region of the chromosome previously identified

as containing common variants associated with prostate cancer18,19. An examination of 

the R2 (Supplementary Table 4) showed little association, ranging from 0.0027 to 

0.0057, among genotype data from the three SNPs in the African dataset. 

Reference threshold (Supplementary Table 5) and mean (Supplementary Table 

6) values for PHS46+African in the African dataset are presented in the Supplemental

Data. 



HR performance of PHS46+African 

Figure 1 demonstrates the difference in HRs between PHS46+African and 

PHS46 within the African dataset using age at diagnosis of any prostate cancer 

(Supplementary Table 7). Overall, we observed an improvement in all the metrics 

calculated: a 75% increase in HR98/50 from 2.10 to 3.67; a 79% increase in HR80/20 

from 2.47 to 4.42; and a 23% decrease in HR20/50 from 0.65 to 0.51. We also observed 

improvements in all performance metrics when using age at diagnosis of clinically 

significant prostate cancer: 103% increase in HR98/50 from 1.91 to 3.88, 113% 

improvement in HR80/20 from 2.21 to 4.71, and 29% improvement in HR20/50 from 0.70 

to 0.50. All observed changes in HR were statistically significant (p < 1x10-16). 

C-index of PHS46+African 

The mean c-indices of PHS46 and PHS46+African across the cross-validation 

folds were estimated as 0.55 and 0.58 (p < 1x10-16), respectively.   

Risk-equivalent age for PHS46+African 

The risk-equivalent age for those individuals in the top 2 percentiles of the 

distribution of PHS46+African scores was estimated as 50 years old, suggesting that a 

man with a PHS46+African score in the top 2 percentile reached a prostate cancer 

detection risk equivalent to that of a standard 60-year-old roughly 10 years earlier, at an 

age of 50 years. The corresponding risk-equivalent age when using PHS46 scores was 

54 years.  



Discussion 

Using a cross-validated search of a dataset made up entirely of men with African 

genetic ancestry, we were able to identify three SNPs that substantially improved the 

performance of PHS46 in this population to levels that are comparable to those 

observed in Europeans and Asians. Performance improvements were observed in 

hazard ratios tracking risk between PHS groups, concordance-indices tracking the 

overall utility of PHS as a continuous variable, and risk-equivalent age tracking the 

potential clinical utility of PHS. The three SNPs, rs76229939, rs74421890, and 

rs5013678, are all located on chromosome 8q24 – a region of the genome where 

variants have been associated with prostate cancer in both the general population and 

specifically in men with African genetic ancestry19,20.  Despite the relative proximity of the 

three SNPs on chromosome 8, their genetic data was not strongly associated in our 

dataset, suggesting that each SNP provides non-redundant information for an 

individual’s genetic score.  

Each of the three SNPs have been previously identified in the literature to be 

associated with prostate cancer: rs76229939 is an intron variant of the prostate-cancer-

associated transcript 2 (PCAT2) gene, while rs74421890 and rs5013678 are both non-

coding transcript variants of the prostate-cancer-associated non-coding RNA 1 

(PRNCR1) gene. The minor allele frequencies of rs76229939 and rs74421890 in 

Europeans, as reported by dbSNP14, are approximately zero to three decimal places, 

which may explain why they were not selected in the original formulation of PHS46.  



This study is not meant to be an exhaustive search for all possible SNPs that are 

associated with the age of diagnosis of prostate cancer in individuals with African 

genetic ancestry. Our study is also limited by the small number of available observations 

relative to those often found in many genome-wide association studies, which can have 

tens or hundreds of thousands of individuals. However, we were able to extract 

information that is likely robust by employing a cross-validated search for those SNPs 

that specifically add value to the performance of PHS46, and not simply independently 

associated with prostate cancer. Future analysis will include a more detailed analysis of 

the 8q24 region, including SNPs that are imputed using TOPMed reference panels. We 

also note that no SNP score, including PHS46 and PHS46+African, has been shown to 

discriminate men at risk of aggressive prostate cancer from those at risk of indolent 

prostate cancer. Finally, the performance metrics reported in this study may be biased 

by the leakage of information across cross-validated folds of the data when identifying 

those SNPs to include in the final African-PHS model. This bias is expected to be similar 

for all SNPs and should not have influenced selection of the three SNPs included in the 

final model over those not selected.  

In conclusion, we identified three SNPs (rs76229939, rs74421890, and 

rs5013678) on 8q24 that substantially improved the performance of PHS46 in a dataset 

of men with African genetic ancestry. The addition of these SNPs to the polygenic risk 

score substantially improved its association with age at diagnosis of prostate cancer in 

Africans, to levels comparable with those found in Europeans. 
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Table Legends 

Table 1. Characteristics of PHS46+African SNPs. RS-ID, chromosome and base-pair 

position (based on version 37), effect and reference alleles, bootstrap-estimated beta, 

and effect allele frequencies in aggregated Africans from 1000 Genomes (referenced 

from dbSNP) of the three SNPs selected for addition to PHS46 



Figure Legends  

Figure 1 Comparison between PHS46 and PHS46+African. Mean hazard ratio 

metrics plotted for PHS46 and PHS46+African models in the African dataset. 

Improvements were observed in all performance metrics investigated. Error bars 

represent 95% confidence interval 
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Table 1. Characteristics of PHS46+African SNPs. RS-ID, chromosome and base-pair 

position (based on version 37), effect and reference alleles, bootstrap-estimated beta, and effect 

allele frequencies in aggregated Africans from 1000Genomes (referenced from dbSNP) of the 

three SNPs selected for addition to PHS46. 

RS number Chromosome Position Effect Ref beta Frequency (%) 

rs76229939 8 128085394 G A 0.441 4.8 

rs74421890 8 128096183 A G 0.415 4.1 

rs5013678 8 128103979 G A -0.260 8.1 
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