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ABSTRACT

Background: Genetic factors play an important role in prostate cancer (PCa) susceptibility.
Objective: To discover common genetic variants contributing to the risk of PCa in men of
African ancestry.

Design, Setting, and Participants: We conducted a meta-analysis of ten genome-wide
association studies (GWAS) consisting of 19,378 cases and 61,620 controls of African ancestry.
Outcome measurements and Statistical Analysis: Common genotyped and imputed variants

were tested for association with PCa risk. Novel susceptibility loci were identified and
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incorporated into a multi-ancestry polygenic score (PRS). The PRS was evaluated for association
with PCa risk and disease aggressiveness.

Results and Limitations: Nine novel susceptibility loci for PCa were identified, of which seven
were only found or substantially more common in men of African ancestry, including an
African-specific stop-gain variant in the prostate-specific gene anoctamin 7 (ANO7). A multi-
ancestry PRS of 278 risk variants conferred strong associations with PCa risk in African ancestry
studies (ORs>3 and >5 for men in the top PRS decile and percentile, respectively). More
importantly, compared to men in the 40-60% PRS category, men in the top PRS decile had a
significantly higher risk of aggressive PCa (OR=1.23, 95% CI=1.10-1.38, P=4.4x10).
Conclusions: This study demonstrates the importance of large-scale genetic studies in men of
African ancestry for a better understanding of PCa susceptibility in this high-risk population and
suggests a potential clinical utility for PRS in differentiating risk of developing aggressive versus
non-aggressive disease in men of African ancestry.

Patient Summary: In this large genetic study in men of African ancestry, we discovered nine
novel PCa risk variants. We also showed that a PRS was effective in stratifying PCa risk and was

able to differentiate the aggressive and non-aggressive disease.



INTRODUCTION

Genetic susceptibility plays a major role in prostate cancer (PCa) risk[1-5], with many
established risk variants found at a higher frequency in African ancestry men [1,6—11]. While
genome-wide association studies (GWAS) of PCa have been focused predominately on men of
European ancestry[1-5], smaller GWAS of African ancestry are successful in identifying African
ancestry-specific risk variants that are not found in other populations [6,7,9,11,12], underscoring
the importance of including greater diversity in genetic studies. Trans-ancestry and ancestry-
specific GWAS have also revealed variants that substantially improve risk prediction in non-
European ancestry populations and highlighted both shared and ancestry-specific allelic
architecture of PCa across populations|1].

To discover PCa risk variants that are important for men of African ancestry, we conduct
the largest genetic analysis to date combining GWAS results from ten consortia and biobanks.
We also evaluated the performance of a multi-ancestry polygenic risk score (PRS) composed of
known and novel risk variants in association with PCa risk and disease aggressiveness.
METHODS

The GWAS meta-analysis included 19,378 PCa cases and 61,620 controls of African
ancestry from AAPC Consortium[10], ELLIPSE/PRACTICAL Onco-Array Consortium
(ELLIPSE)[6], Ghana Prostate Study (Ghana)[13], ProHealth Kaiser GWAS (Kaiser)[14],
Electronic Medical Records and Genomics (eMERGE) Network[15], BioVU Biobank[16],
BioMe Biobank[17], California and Uganda Prostate Cancer Study (CA UG)[18], VA Million
Veteran Program (MVP)[18], and Maryland Prostate Cancer Case-Control Study (NCI-MD)[19].
Of all studies contributed samples and/or summary statistics, 9,011 cases and 50,634 controls

from CA UG, eMERGE, BioVU, BioMe, NCI-MD, and MVP were not part of any previous PCa



GWAS (Figure S1). An overview of each study is provided in Table S1 and information on
genotyping and imputation is described in Table S2 and Supplementary Materials.

Per-allele odds ratios (ORs) and standard errors were combined in a fixed-effects inverse-
variance-weighted meta-analysis. For genome-wide significant variants (P<5.0x10"®), Joint
Analysis of Marginal summary statistics (JAM) was used to obtain conditional effects and P
values, conditioning on all known risk variants in the same region[1]. Associations with a
conditional P<5.0x10"® were considered novel. Credible set variants were identified using JAM
from all variants within = 800 kb of each index variant. The nine novel variants and their 95%
credible sets were annotated for putative evidence of biological functionality using publicly
available datasets according to the framework described previously[1].

A PRS was constructed by summing variant-specific weighted allelic dosages from 269
known and nine novel risk variants using the multi-ancestry weights from a previous trans-
ancestry GWAS[1]. We also constructed a PRS using the African ancestry-specific effects
estimated from African ancestry men(10,367 cases and 10,986 controls)[1]. The PRS association
with PCa risk was assessed in six studies included in the GWAS (“Discovery Sample”) and
evaluated for replication in an independent sample from Men of African Descent and Carcinoma
of the Prostate (MADCaP) Network (“Replication Sample”; Table S3)[20,21].

In all studies, PCa was considered aggressive if one or more of the following criteria was
met: tumor stage T3/T4, regional lymph node involvement, metastatic disease (M1), Gleason
score > 8.0, prostate-specific antigen (PSA) level > 20 ng/mL or PCa as the underlying cause of
death. Non-aggressive PCa was defined as men with no aggressive features meeting one or more

of the following criteria: Gleason score < 7.0, PSA <20 ng/mL, and stage < T2 (Table S3).



We further tested the PRS for association with PCa risk stratified by age (age < 55 years
vs. age > 55 years) and geographic area (African countries vs non-African countries), and with
disease aggressiveness. P for heterogeneity was determined using a Q statistic[22]. More details
on statistical analysis are provided in Supplementary Materials.

RESULTS
Novel Susceptibility Loci

A total of 27,753,840 genotyped and imputed single-nucleotide variants (SNVs) and
small insertion/deletion variants with minor allele frequency (MAF) > 1% in African populations
were tested for association with PCa risk. The inflation factor (A) was estimated to be 1.12
(Figure S2), which is equivalent to 1.005 for a study with 1,000 cases and 1,000 controls
(A1,000)[23].

In the meta-analysis, 3,510 variants were genome-wide significant (P<5x10%; Figure 1
and Figure S2). These variants are located in 37 known risk regions and two novel risk
regions >1.4 Mb from known risk regions on chromosomes 3q13.31 (rs72960383/ZBTB20) and
4q21.1 (rs144842076/-). Within known risk regions, 7 novel associations were detected on 2p21
(rs73923570/THADA), 2q37.3 (rs60985508/ANO7), 5p15.33 (rs13172201/TERT), 14q23.2
(rs114053368/SYNE2), 17p13.1 (rs9895704/CHD3), 17q11.2 (rs73991216/-) and 20q13.33
(rs150947563/ZBTB46; Table 1, Figure S3, Figure S4). The associations with these variants
remained genome-wide significant in analysis conditioning on the known risk variants in the
same region (Table S4).

The minor alleles for five of the nine novel risk variants (MAFs, 12%-40%) were
positively associated with PCa risk with per-allele ORs ranging from 1.09 to 1.12 (Table 1).

Four of these variants were substantially more common in African ancestry populations than in
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other populations, with three being rare in European and Asian populations (<2%; rs73923570,
rs60985508, and rs72960383). The major alleles for the other four risk variants (RAFs, 89%-
98%) were positively associated with PCa risk, of which three variants (rs9895704, rs73991216,
and rs150947563) were only polymorphic in African ancestry populations (Table 1). For all
novel risk variants except rs144842076, MAFs were greater in men with higher proportions of
African ancestry (AFR%; Table S5). Only rs144842076 was not associated with African
ancestry.

Based on a familial risk estimate for PCa ranging from 2.0 to 3.0, the 278 PCa variants
(269 previously known plus nine novel) are estimated to capture 37% to 59% of the total familial
relative risk (FRR). The nine novel risk variants explain 0.83% to 1.3% of the FRR, accounting
for ~ 2.3% of the FRR explained by the 278 variants (Table S6).

For each novel risk variant, a 95% credible set defined potentially causal variants (Table
S7, Figure S3). At 2q37.3, the lead variant rs60985508) introduces a stop-gain in exon 24 of the
long isoform of ANO7(NP_001357623.1:pSer860>*). The association at 14q23 is represented by
rs114053368 and comprises a credible set of 20 variants adjacent to the ESR2 and SYNE?2 genes.
This credible set contains three potential enhancer variants (rs17101673, rs8022302, and
rs8007874) that intersect varying combinations of AR, CTCF, ERG, FOXA1, GABPA, GATA2,
or NKX3.1 transcription factor binding peaks identified through chromatin immunoprecipitation
sequencing (ChIP-seq) in PCa cell lines, in addition to chromatin marks indicative of regulatory
element[1]. Similarly, the lead variant rs9896704 at 17p13/CHD3 and rs59249234 in the credible
set may affect the transcription factor binding of AR, CTCF, FOXA1, GATA2, or NKX3.1. The
remaining six lead variants included four intronic variants within the genes THADA, ZBTB20),

TERT, and ZBTB46 and two intergenic variants at 4q21.1 and 17q11.2.
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PRS Association with PCa Risk

Of the 269 known PCa risk variants, 246 were polymorphic in African ancestry
populations (MAF > 1%), 236 had a directionally consistent association with PCa risk as
previously reported, of which 163 were nominally significant(P<0.05) and 35 were genome-wide
significant (Table S8). The multi-ancestry PRS of 278 variants conferred a 3.19-fold (95%
CI=3.00-3.40) risk of PCa for men in the top 10% (90%-100% category) and 5.75-fold (95%
CI=5.06-6.53) for men in the top 1% (99%-100% category), compared to men with average
genetic risk (40%-60% category; Table 2, Figure S5). PRS associations were replicated in an
independent sample of African ancestry from the MADCaP Network, with an OR of 3.52 (95%
CI=2.12-5.84) for men in the top 10% and 7.55 (95% CI=2.42-23.6) for men in the top 1% of
the PRS (Table 2, Figure S5). The OR per one standard deviation (SD) increase in PRS was
1.91 (95% CI=1.87-1.95) in the discovery studies and 1.68 (95% CI=1.45-1.94) in the replication
study (Figure S6). Comparing to the PRS of 269 known risk variants (per SD OR=1.87, 95%
CI=1.83-1.91), the inclusion of the nine novel risk variants did not lead to statistically significant
improvement in the PRS associations (P-heterogeneity = 0.17) [18]. PRS associations with PCa
risk in studies from African countries (average AFR% 92-97%) were similar to those from non-
African countries (average AFR% 76-79%; Table S9, Figure S6). Similar results were also
observed for a PRS based on African ancestry-specific weights (Table S9, Table S10). All
subsequent PRS analyses were performed using the multi-ancestry PRS. In the MVP study,
adding the PRS to a base model of age and principal components of ancestry led to an increase of
0.148 in the area under the curve (AUC; Table S11).

The PRS association with PCa risk was stronger in younger men. Compared to men in the

40%-60% PRS category, for men in the top PRS decile, the OR was 4.13 (95% CI=3.53-4.84) in
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men aged <55 years and 2.96 (95% CI=2.76-3.17) in men >55 years (P-heterogeneity=1.4x10;
Table S12). The difference in ORs between younger and older men was even greater for those in
the top PRS percentile (OR of 8.95 vs. 4.76, P-heterogeneity=1.2x10%). The OR per one SD
increase in PRS was also greater in men aged <55 years (OR=2.19, 95% CI=2.08-2.30) than in
men >55 years (OR=1.84, 95% CI=1.80-1.88, P-heterogeneity=1.1x10; Figure S6).

The PRS showed a stronger association with aggressive disease (OR=3.95, 95% CI=3.55-
4.39) than non-aggressive disease (OR=3.08, 95% CI=2.87-3.31) for men in the top PRS decile
compared to men in the 40%-60% PRS category (P-heterogeneity=1.5x10"*; Figure 2, Table
S13). This greater association with aggressive than non-aggressive disease was similar across
individual studies from African and non-African countries (Figure S7, Table S14). Consistent
with the case-control analysis, in the case-case analysis being in the top PRS decile was
associated with a 1.23-fold (95% CI=1.10-1.38, P=4.4x10*) risk of aggressive PCa compared to
the 40% - 60% PRS category. The ORs per one SD increase in PRS in both case-control and
case-case analyses supported these positive associations with aggressive prostate cancer (Figure
S6, Table S15). In the subgroup analyses by tumor stage, Gleason score, metastasis, and PCa
death (see Supplementary Materials), the multi-ancestry PRS was also positively associated
with high-grade (Gleason score > 8), advanced (stage of T3 or T4), metastatic or fatal disease
(Figure 2, Table S15).

Of the 255 PCa risk variants that are polymorphic (MAF>1%) in African populations, 17
variants were nominally associated (P<0.05) with risk of aggressive versus non-aggressive
disease (Table S16). The PCa risk allele of 14 variants was associated with a higher risk of
aggressive disease while the novel variant rs73991216 and two known variants (rs2659051 and

rs76765083) at the KLK3/PSA locus were inversely associated with disease aggressiveness
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(Table 3). Of the 14 variants positively associated with aggressive PCa, the removal of
1s72725854 at 8q24 from the PRS led to the largest decrease in the PRS association with
aggressive (21.6% decrease in OR, P-heterogeneity=1.6x10") and non-aggressive disease
(16.2% decrease in OR, P-heterogeneity=6.1x10*), and a null association with aggressive
disease in the case-case analysis (P=0.09; Table S17). Removing each of the other variants had
less impact on the PRS association with aggressive and non-aggressive disease, and the positive
association with aggressive disease remained nominally significant in the case-case analysis
(P<0.03; Table S17).

DISCUSSION

In the largest genetic study of PCa in African ancestry men, we identified nine novel risk
variants, seven of which were at substantially higher frequencies and/or only polymorphic in
populations of African ancestry. A PRS comprised of the known and novel risk variants was
effective in stratifying PCa risk, with replication of the PRS association demonstrated in an
independent sample. For men in the top PRS decile, we observed a significantly greater risk of
aggressive PCa than non-aggressive disease.

This study highlights the importance of including African ancestry samples in genetic
analysis to reveal susceptibility loci that cannot be discovered without sampling a more
ancestrally diverse and heterogeneous populations. A notable example is rs60985508 at the
anoctamin 7 (ANO?) risk region on 2q37.3, which creates a premature termination codon
(S860X) within the penultimate exon of the ANO?7 long isoform. ANO?Y is a prostate-specific
gene shown to be an independent predictor of PCa prognosis, lymph node metastasis, and early
biochemical recurrence[24,25]. Previous studies in European populations have identified three

ANQ7 variants (rs77559646/R158H, rs77482050/E226*, and rs76832527/A759T), of which two
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are rare in African ancestry populations (MAF < 1%)[1,2]. Together with 1448S in CHEK2[6]
and X285K in HOXB13[12], S860X in ANOY represents another example of risk-associated
protein-altering variation that is unique to African ancestry men.

Six other novel risk variants were discovered in known susceptibility regions.
Chromosome 5p15.33/TERT (telomerase reverse transcriptase) is a well-established cancer
susceptibility locus where several PCa risk variants have been identified (rs2242652,
rs71595003, rs2736098, rs7725218, and rs10069690). The novel intronic variant rs13172201
represents the strongest independent association with PCa risk in this region for African ancestry
men. At 2p21, the African ancestry-specific variant rs73923570 is in intron 30 of THADA
(thyroid adenoma-associated) and in proximity (86-487 kb) to three independent PCa risk signals
in the region (rs6738169, 157591218, and rs28514770). Germline THADA variants have been
associated with several traits that were linked with PCa risk, such as waist-hip ratio[26],
testosterone levels[27], and type 2 diabetes[28,29], with several variants in moderate to high
correlation with known PCa risk variants.

Novel risk variant rs114053368 at 14g23.2 is in intron 79 of SYNE?2 (spectrin repeat
containing nuclear envelope protein 2), and ~90 kb from a known East Asian PCa risk variant
r$58262369 in the 3'UTR of the ESR2 (estrogen receptor 2) gene[30]. We also identified a novel
intronic variant rs150947563 in ZBTB46 and ZBTB46-AS1 at 20q13.33, ~67 kb from a known
PCa risk variant (rs1058319). In several studies, overexpression of ZBTB46 induced by androgen
deprivation promoted castration-resistant PCa and neuroendocrine differentiation of PCa[31-33];
however, whether these variants alter the expression or function of ZBTB46 has not been
investigated. The novel variant rs9895704 at 17p13.1 is in intron 11 of the CHD3

(chromodomain helicase DNA binding protein 3) gene, ~2 kb from a known risk variant
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(rs28441558). CHD3 encodes an ATPase subunit of the nucleosome remodeling deacetylase
complex that represses the activity of early growth response 1 (EGR1)[34,35], a transcription
factor shown to promote PCa metastasis[36,37]. At 17q11.2, the novel lead variant 173991216
is intergenic, ~29 kb downstream of the gene RAB11FIP4 and ~200 kb from known risk variant
rs4795646. However, the mechanisms and genes involved are unclear and warrant further
investigation.

Two novel PCa risk variants define new susceptibility regions for PCa. The lead variant
1$72960383 at 3q13.31 is in intron 1 of the transcription factor gene ZBTB20 (zinc finger and
BTB domain containing 20). ZBTB2(0 was included in a nine-gene expression profile identified
in prostate tumors that acquired treatment resistance, which was found to be associated with time
to biochemical relapse and PCa metastasis[38]. ZBTB2(0 was also a PTEN-cooperating tumor
suppressor gene, co-downregulated with PTEN in both primary and metastatic prostate tumor
samples, with lower expression associated with a shorter time to recurrence[39,40]. The lead
variant rs144842076 at 4g21.1 is an intergenic variant between the SHROOM3 (~88 kb) and
SEPTI1 (~78 kb) genes in a region not previously implicated in PCa.

We constructed the PRS using external weights from a previous trans-ancestry GWAS to
mitigate the potential inflation in PRS associations due to the overlapped samples in PRS
development and testing. While adding the nine novel risk variants to the previous 269-variant
PRS did not lead to a marked improvement in PRS performance[1], the replication of PRS
associations in an independent sample of African ancestry men, and the similar risk associations
observed in studies from African and non-African countries, demonstrated the robustness of the
multi-ancestry PRS in risk stratification across African populations with varying degrees of

admixture. Consistent with previous findings in European and African populations[1,18], the
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association of the top PRS decile was greater for younger compared with older men, which
highlights the contribution of genetics in earlier- versus late-onset disease.

Despite greater statistical power in studies of European ancestry (21,919 aggressive and
39,426 non-aggressive cases), the 269-variant PRS was equally associated with aggressive and
non-aggressive PCa[1]. Here we provide the first evidence that a PRS can differentiate risk of
aggressive and non-aggressive PCa for African ancestry men in the top PRS decile. A
significantly higher risk of high-grade, advanced, metastatic, or fatal disease was also observed
for men in the top PRS decile. This association was not driven by the greater effect in younger
versus older men since age at diagnosis was similar in aggressive and non-aggressive cases
across studies. The African-specific variant rs72725854 at 8q24, which accounts for the largest
fraction of PCa risk of all variants known to date, made the greatest contribution to the PRS-
aggressive disease association. Men of European ancestry do not harbor this risk variant, which
could explain the difficulty in associating the PRS with disease aggressiveness in European
populations.

This study underscores the importance of large-scale genetic analysis in African ancestry
men for a better understanding of PCa susceptibility in this high-risk population. In addition to
the discovery of nine novel risk variants, PRS was validated as an effective tool for PCa risk
stratification in African ancestry men. Importantly, we found that PRS could distinguish an
African ancestry men’s risk of developing aggressive versus non-aggressive disease. As the first
evidence of this association, future studies are warranted to further validate and characterize this
relationship. Risk-stratified screening studies in African ancestry populations are needed to
determine the benefits of an earlier and more frequent PSA screening strategy for those at high

genetic risk.
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FIGURE LEGENDS

Figure 1 Genome-wide associations with prostate cancer risk. The association for each variant was
estimated in each study/consortium and meta-analyzed across studies using a fixed-effect inverse-variance-
weighted method. The nine novel association signals were highlighted in orange. The known risk
associations were not shown in this plot. The dash line represents the genome-wide significance at P < 5x

108,

Figure 2 Association of the multi-ancestry PRS with aggressive and non-aggressive forms of prostate
cancer. Association was assessed comparing prostate cancer cases by Gleason score, tumor stage,
metastatic or fatal prostate cancer to controls. Results were obtained from each individual study and then
meta-analyzed across studies. The x-axis indicates the PRS category. The y-axis indicates the ORs with
error bars representing the 95% Cls for each PRS category compared to the 40%-60% PRS category. The
dotted horizontal line corresponds to an OR of 1. ORs and 95% Cls for each PRS decile and/or strata are
provided in Table S13 and Table S15.
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TABLES
Table 1. Nine novel risk regions/variants associated with prostate cancer in men of African ancestry
rsID? Chll;(:;;li(t)isoo;nal Alleles® gﬁﬁzzztuflf:; RAF* ( Alﬁé 114::;}11(1, Il;iS)“ OR 95% Cls P value®
1$73923570° 2:4(32252115);93 G/A THADA (intron) 0.12 0.13,0,0 1.12 1.08-1.17 1.46 x 10°®
1s60985508" 2:2(3(21;3.333)65 T/TCA (stoﬁ{\égiied) 0.31 0.34,<0.01,0 1.11 1.08-1.15 1.48 x 10712
1572960383 3:(131(;7333?)10 A/T ZBTB20 (intron) 0.33 0.40, 0.02, < 0.01 1.09 1.06-1.12 5.46 x 10”°
rs144842076 41347q7291%?;1 /T - (intergenic) 097 0.98,0.95, 1.00 125 116135  1.12x10%
rs13172201¢ 5&?@% /T TERT (intron) 040 045,024, 0.86 110 1.07-1.13  236x 10!
rs114053368" 1?1644q62036é)32 T/A SYNE? (intron) 0.20 0.24, 0.06, < 0.01 1.12 1.08-1.16 7.07 x 10712
1s9895704° 1(71;?1);01%2 T/C CHD3 (intron) 0.89 0.88, 1.00, 1.00 1.13 1.08-1.18 9.80 x 10
1s73991216f 17(:1279;1935;38 G/A - (intergenic) 0.89 0.86, 1.00, 1.00 1.19 1.14-1.24 5.34 x 101
rs150947563" 2?2:(6)?1‘;13137)1 C/T ZBTB46 (intron) 0.98 0.98, 1.00, 1.00 1.47 1.31-1.66 3.24 x 10710

2 Only the most significant variant defining each association signal was reported.

b Prostate cancer risk allele/other allele

¢ Weighted mean of risk allele frequency (RAF) estimated in controls across individual African ancestry studies in the meta-analysis.

4 Risk allele frequency in 1000 Genomes Project (1KG) African (AFR), European (EUR) and East Asian (EAS) populations.

¢P value from the fixed-effect inverse-variance-weighted meta-analysis.

f Variant within + 800 kb of a known risk variant reported in Conti, Darst et al., Nature Genetics, 2021.



24

Table 2 Association of PRS with prostate cancer risk in men of African ancestry.

Discovery Samples®
18,018 cases, 64,034 controls

Replication Samples®
405 cases, 396 controls

PRS Category® Controls Cases OR (95% CI) P Controls Cases OR (95% CI) P
[0%-10%)] 6407 493 0.33 (0.29-0.37) 7.49 x 103 40 15 0.53 (0.26-1.06) 0.07
(10%-20%] 6402 780 0.51 (0.47-0.56) 4.83 x 10 40 22 0.71 (0.37-1.33) 0.3
(20%-30%] 6403 916 0.62 (0.56-0.67) 3.26 x 107 39 18 0.57 (0.30-1.12) 0.10
(30%-40%] 6402 1024 0.68 (0.63-0.74) 1.53 x 1078 40 38 1.19 (0.67-2.10) 0.6
(40%-60%] 12806 2960 1.00 (Reference) 79 62 1.00 (Reference)
(60%-70%] 6402 1901 1.28 (1.19-1.38) 3.12 x 10 39 40 1.36 (0.77-2.40) 0.3
(70%-80%] 6403 2271 1.52 (1.41-1.63) 9.24 x 107! 40 46 1.53 (0.88-2.66) 0.14
(80%-90%] 6402 2867 1.94 (1.81-2.07) 3.84 x 10#! 39 63 2.13 (1.25-3.64) 5.52 x 107

(90%-100%] 6407 4806 3.19 (3.00-3.40) 1.22 x 1028 40 101 3.52(2.12-5.84) 1.12 x 10°¢
(99%-100%]¢ 643 870 5.75 (5.06-6.53) 4.30 x 10710 4 21 7.55(2.42-23.6) 5.02 x 10

2 Discovery samples included men of African ancestry from the AAPC Consortium, the ELLPSE OncoArray Consortium, the California and Uganda Prostate Cancer Study, the
Ghana Prostate Study, the NCI-Maryland Prostate Cancer Case-Control Study, and the Million Veteran Program. Odds ratios (ORs) and 95% confidence intervals (Cls) were
estimated in logistic regression analysis adjusting for age, sub-study (if applicable) and up to ten principal components in each study/consortium, and meta-analyzed across the studies
using a fixed-effects inverse-variance-weighted method.

b Replication samples were from the Men of African Descent and Carcinoma of the Prostate (MADCaP) Network, which was not part of any previous prostate cancer GWAS.

¢ PRS was constructed from the 269 known prostate cancer risk variants and the 9 novel variants, weighted by the multi-ancestry effects from the previous trans-ancestry prostate
cancer GWAS. PRS percentile categories were based on observed distribution in controls.

A separate analysis was performed to evaluate the PRS association with prostate cancer risk in men with extremely high genetic risk (99% - 100%).
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Table 3 The prostate cancer risk variants associated with disease aggressiveness in case-case analysis (P < 0.05)

rsID Nearest EAF® Aggressive vs. Gleason > 8 vs. Stage T3/T4 vs. Metastatic vs. Fatal vs. .
(Effect /Other Gene (AFR, Non-aggressive* Gleason = 6 Stage T1/T2 Non-aggressive Non-aggressive
Allele?) EUR) OR (95% CI), P value?

rs708723 (C/T) RAB29 0.83, 0.47 1.09 (1.02-1.17)" 1.09 (1.00-1.18) 1.10 (0.98-1.23) 1.11 (0.93-1.32) 1.05 (0.85-1.29)
rs11691517 (T/G) BCL2L11 0.79,0.75  1.08 (1.00-1.16) " 0.97 (0.89-1.06) 1.04 (0.92-1.17) 0.99 (0.83-1.19) 1.04 (0.84-1.30)
152293607 (T/C) TERC 0.96,0.76  1.16(1.02-1.32)" 1.02 (0.88-1.19) 1.16 (0.93-1.45) 1.15 (0.83-1.60) 1.00 (0.70-1.41)
1513142786 (T/A) RASSF6 0.59,0.50  1.08 (1.01-1.14)" 1.07 (1.00-1.15) 1.07 (0.97-1.18) 1.05 (0.90-1.21) 1.15 (0.96-1.38)
1s339351 (C/A) RFX6 0.74,0.69  1.14(1.07-1.23)"  1.16 (1.07-1.25)""  1.13(1.01-1.27)" 1.13 (0.95-1.34) 1.03 (0.84-1.27)
rs4513875 (T/C) MADILI 0.08,0.40  1.10(1.00-1.20)" 0.99 (0.89-1.11) 1.07 (0.92-1.24) 0.99 (0.77-1.26) 1.02 (0.79-1.33)
rs834608 (A/T) TNS3 0.62,0.60  1.07(1.00-1.13)" 1.05 (0.98-1.13) 1.07 (0.97-1.18) 1.01 (0.87-1.16) 1.04 (0.87-1.25)
1s72725854 (T/A) -- (8924) 0.08,0.00  1.14(1.05-1.25)"  1.25(1.13-1.39)™ 1.09 (0.95-1.26) 1.31 (1.06-1.62) " 1.35 (1.04-1.75)"
1s72725879 (T/C) --(8q24) 0.37,0.20  1.07 (1.00-1.13)" 1.09 (1.02-1.17)" 1.06 (0.96-1.16) 1.24 (1.07-1.43)" 1.01 (0.85-1.21)
26/?&1)0938 SLC39A413 0.01,0.29  1.16(1.02-1.33)" 1.17 (1.00-1.36) " 1.04 (0.83-1.31) 1.28 (0.92-1.80) 1.20 (0.83-1.72)
rs12785905 (C/G) KDM2A4 0.001,0.05  1.54(1.14-2.08)" 1.46 (1.03-2.05)" 1.84 (1.10-3.06) " 0.94 (0.38-2.31) 2.88 (1.44-5.76)"
rs11228580 (C/T) MYEOV 0.18,0.18  1.12(1.04-1.20)" 1.11(1.02-1.21)" 1.14 (1.02-1.29)"  1.37 (1.16-1.63)" " 1.16 (0.94-1.43)
rs75823044 (T/C) IRS2 0.04,0.00  1.23(1.05-1.45)" 1.28 (1.05-1.57)"  1.60(1.27-2.02)"*  1.64 (1.09-2.46)" 1.52(0.97-2.37)
rs17565772 (G/A) COX16 0.16,0.47  1.08(1.01-1.16)" 1.02 (0.94-1.11) 1.09 (0.98-1.23) 1.07 (0.90-1.27) 1.26 (1.03-1.54)"
1573991216 (G/A)  --(17q11.2) 0.86,1.00  0.89 (0.80-0.98)" 0.90 (0.80-1.01) 0.90 (0.76-1.05) 0.78 (0.62-0.99) * 1.00 (0.73-1.37)
1s2659051 (G/C)  KLKI5/KLK3  0.85,0.79  0.89(0.82-0.97)"  0.86 (0.78-0.94)" 0.90 (0.79-1.03) 0.97 (0.79-1.18) 0.89 (0.70-1.13)
1576765083 (T/G) KLK3 1.00,0.93  0.69(0.53-0.90)"  0.57 (0.41-0.78)"*  0.75(0.46-1.22) 0.42 (0.22-0.81)" 0.90 (0.43-1.85)

2 Effect allele was set to be the prostate cancer risk-increasing allele.

b Effect allele frequency (EAF) in 1000 Genomes Project (1KG) African (AFR) and European (EUR) populations.

¢ Cases were considered as aggressive if one of the following criteria was met: tumor stage T3/T4, reginal lymph node involvement, metastatic disease, Gleason score > 8, PSA > 20
ng/mL or prostate cancer as the underlying cause of death. Cases without any aggressive features and met one or more of the following criteria were considered nonaggressive:
Gleason score < 7, PSA <20 ng/mL and stage < T2.

4 ORs and 95% CIs were estimated in logistic regression analysis adjusting for age, sub-study (if applicable) and up to ten principal components in each study/consortium, and meta-
analyzed across the studies using a fixed-effects inverse-variance-weighted method.

* P value < 0.05; ™ P value < 0.001
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Figure 2 Genome-wide associations with prostate cancer risk.
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Figure 2 Association of the multi-ancestry PRS with aggressive and non-aggressive forms of prostate cancer.
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TAKE HOME MESSAGE
Nine novel susceptibility loci for prostate cancer were identified in men of African ancestry. A multi-
ancestry PRS was validated as an effective tool for PCa risk stratification and shown to differentiate the

aggressive and non-aggressive prostate cancer in men of African ancestry.



