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Abstract

Background: Genome-wide association studies have identified over 100 single-
nucleotide polymorphisms (SNPs) associated with prostate cancer (PrCa), and
polygenic risk scores (PRS) based on their combined genotypes have been developed
for risk stratification. We aimed to assess the contribution of PRS to PrCa risk in a
large multisite study.

Methods: The sample included 1972 PrCa cases and 1919 unaffected controls.
Next-generation sequencing was used to assess pathogenic variants in 14 PrCa-
susceptibility genes and 72 validated PrCa-associated SNPs. We constructed a
population-standardized PRS and tested its association with PrCa using logistic
regression adjusted for age and family history of PrCa.

Results: The mean age of PrCa cases at diagnosis and age of controls at testing/last
clinic visit was 59.5+ 7.2 and 57.2 £ 13.0 years, respectively. Among 1740 cases with
pathology data, 57.4% had Gleason score < 6, while 42.6% had Gleason score = 8. In
addition, 39.6% cases and 20.1% controls had a family history of PrCa. The PRS was
significantly higher in cases than controls (mean+SD: 1.42+1.11 vs 1.02+0.76;
P <.0001). Compared with men in the 1st quartile of age-adjusted PRS, those in the
2nd, 3rd, and 4th quartile were 1.58 (95% confidence interval [Cl]: 1.31-1.90), 2.36
(95% Cl: 1.96-2.84), and 3.98 (95% Cl: 3.29-4.82) times as likely to have PrCa (all
P <.0001). Adjustment for family history yielded similar results. PRS predictive
performance was consistent with prior literature (area under the receiver operating
curve = 0.64; 95% Cl: 0.62-0.66).

Conclusions: These data suggest that a 72-SNP PRS is predictive of PrCa, supporting

its potential use in clinical risk assessment.
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1 | INTRODUCTION

Prostate cancer (PrCa) is one of the most heritable human cancers,
with 57% of the variation in disease risk attributable to genetic
factors.® PrCa risk assessment has been primarily based on family
history (FH) and screening of rare pathogenic/likely pathogenic
variants (RPVs). Germline RPVs in cancer susceptibility genes have
been observed in 8% to 12% of men with localized PrCa,” and up to
20% of men with advanced or metastatic disease.* In addition to
rare RPVs, common genetic variations also contribute to PrCa
risk.” Genome-wide association studies (GWAs) have identified
more than 100 single-nucleotide polymorphisms (SNPs) associated
with increased PrCa susceptibility. While each individual SNP
contributes only modestly to this susceptibility, their combined
effects are estimated to account for 33% of the familial risk of
PrCa.? It has further been shown that a polygenic risk score (PRS)
based on a combination of SNP genotypes (a) can be consistently
estimated across a variety of populations and geographic regions,
(b) may have substantial predictive value for PrCa risk stratifica-
tion, and (c) has predictive performance superior to that based on
FH alone.”*?

In a comparison of self-reported FH and PRS as two measures
of inherited risk for PrCa in several study populations, Sun et al'®
observed substantial variation in the proportion of positive FH but
similar mean PRS among participating sites of the REDUCE trial.
Despite utilization of the same protocol to obtain FH, sites in
Eastern and Western Europe reported 4.2% and 10.9% of men with
PrCa-affected first- or second-degree relatives, respectively, while
the proportion in North American was 22.8%; similar variation
was also observed among sites within the same country. The
FH-associated relative risks (RRs) for PrCa among these three re-
gions ranged from 1.20 to 1.91. Recent studies in men of European
ancestry from the PRACTICAL consortium and others have re-
ported RR for PrCa associated with FH to be as high as 2.5.24*° In
contrast, RRs associated with a 33-SNP PRS were relatively
homogenous among REDUCE study sites, ranging from 1.69 to 1.89.
PRS-associated RRs recently reported by PRACTICAL and others
have ranged from 1.74 to 1.86, despite differences in the number of
SNPs included in each PRS model.’**> Moreover, Sun et al'® re-
ported superior predictive performance of the PRS compared with
FH alone, and demonstrated that the addition of FH information to
the PRS model did not further improve prediction of PrCa. Taken
together, the consistent risk estimates associated with PRSs across
multiple studies, and its ability to more accurately identify men who
develop PrCa, provide evidence supporting its potential use in
clinical risk assessment.

In this report, we examine the extent to which a 72-SNP PRS
is predictive of PrCa in men who tested negative for RPVs
in PrCa-susceptibility genes. We also assessed whether the
contribution of overall genetic risk represented by the PRS varied
by age and/or FH and estimated absolute lifetime risk for PrCa to

age 85.
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2 | MATERIALS AND METHODS
2.1 | Patient population

This is a case-control validation study in which 4327 patients were
ascertained from three study sites: Johns Hopkins University
Hospital (JHH: 1725 cases and 541 controls), Ambry Genetics (AG:
448 cases and 1229 controls), and NorthShore University Health-
System's Genomic Health Initiative (NSGHI: 384 controls), and were
eligible for study inclusion if they were male, self-reported European
ancestry, and greater than or equal to 18 years of age at PrCa di-
agnosis (JHH cases), genetic testing (AG cases and controls), or last
clinic visit (JHH and NSGHI controls). All sites submitted samples as
permitted by an applicable Institutional Review Board or under HHS
regulations (45 CFR 46.1019b)(4). JHH cases were patients under-
going radical prostatectomy for the treatment of clinically localized
PrCa in 2002 to 2015 and were included if disease was organ-
confined and Gleason score <6 or 28, as determined upon patholo-
gical evaluation of the prostatectomy specimen. Only the high- and
low-grade PrCa JHH cases were included because they were pre-
viously curated to assess the association of RPVs in cancer sus-
ceptibility genes with PrCa. Men who were undergoing screening for
PrCa at The Johns Hopkins Hospital and the Johns Hopkins Uni-
versity Applied Physics Laboratory (Columbia, MD) during the same
time period were asked to participate as control subjects, as de-
scribed in Zheng et al.*® Briefly, blood samples for preparation of
DNA, serum prostate-specific antigen (PSA) levels, digital rectal ex-
amination results, and demographic information were available for
these subjects. History of additional non-PrCa primaries was not
available. A total of 541 men met our inclusion criteria as JHH
control subjects for this study: European American ancestry by self-
report, normal digital rectal examination, PSA level less than 4.0 ng/
mL, and older than 55 years. AG cases and controls were men re-
ferred for multigene panel testing in 2017 to 2019. Among AG cases,
104 patients had Gleason 28, and 59 patients had Gleason <6, and
230 patients had no pathology information. AG controls were un-
affected with PrCa at the time of testing; 53% of AG controls had a
personal history of at least one non-PrCa primary. NSGHI controls
had a minimum of 1 year of clinical history available in the electronic
health record (EHR) and were excluded if any ICD-9/10 diagnosis of
cancer was present at any time in the EHR. PrCa-specific FH in-
formation was available for the majority of cases (n=1877) and
controls from AG and JHH (n=1467). Men who tested positive for
RPVs in any PrCa-susceptibility gene (ATM, BRCA1, BRCA2, CHEK?2,
EPCAM, HOXB13, NBN, PALB2, MLH1, MSH2, MSHé, PMS2, RAD51D,
TP53) were excluded from further analysis (n = 358).

2.2 | SNP selection

SNPs that met the following criteria were selected and added to the next-

generation sequencing (NGS) library for genetic testing panel of PrCa
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genes: (a) reported with genome-wide significance in more than one
GWA analysis, based on a sample size of more than 500 cases and more
than 500 controls in any population; (b) are not strongly correlated; (c)
effects are race-/ethnicity-specific (ie, only SNPs that meet (a) and (b) in a
specific population were included). For this study, we selected SNPs re-
ported in studies of individuals of North European ancestry.®”?® We
identified 72 SNPs meeting these criteria, of which 3 could not be directly
genotyped and were substituted by tag SNPs, with pairwise r? = 1.0 and
distance ranging from 519 to 8504 bp between each proxy and originally
reported SNP (Table S1).

2.3 | Molecular analysis and quality control

Sequencing quality for lllumina NextSeq 500 were monitored during
the sequencing run and include visualization of intensity vs cycle
plots, and cluster intensity over the duration of the run. Other quality
metrics that were evaluated for the entire sequencing run upon
completion of sequencing and demultiplexing of the samples include
metrics for percent perfect index reads, percent of bases >Q30, and
overall mean quality score. Samples passing sequencing quality me-
trics (>85% perfect index, >75% bases >Q30, and mean Qscore >30)
were input into a proprietary NGS data-processing pipeline in a
parallelized fashion, starting with alignment of sequencing reads to
human reference genome build (GRCh37/hg19), followed by variant
and genotype calling on the panel genes and all SNP positions. Ad-
ditionally, NGS coverage was evaluated at all sites for every sample,
and any samples with more than 20 sites at no or low coverage
(<20X) were excluded from genotype calling (n = 64; 1.5% of samples
sequenced) and downstream statistical analysis.

NGS data were examined to assess missing rates for each sam-
ple, and each SNP. Samples were excluded if more than seven SNPs
were missing due to bioinformatics quality control thresholds (n = 14;
0.3% of samples passing bioinformatics quality control [QC]). SNP
calls were checked for consistency with publicly available databases
(GRCh37/hg19; Ensembl release 91%%) and literature-reported re-
ference and risk alleles. We compared SNP allele frequencies among
control subjects to those available in the gnomAD non-Finnish
European population to ensure consistency with the reference po-
pulation. Hardy-Weinberg equilibrium (HWE) was assessed for all
SNPs among controls using R package HardyWeinberg.*° To assess
the assumption of SNP effects consistent with a multiplicative model,
we examined all possible pairwise SNP x SNP interactions associated
with PrCa using logistic regression, with a 1-df likelihood ratio test
for the interaction; P values were false discovery rate-corrected for
multiple testing. We additionally tested for higher order SNP inter-

actions using logic regression.*

2.4 | Statistical analysis

Based on the 72 established PrCa-risk SNPs, we computed a

population-standardized PRS for each individual using an approach

consistent with prior literature.’?> Using previously published esti-
mates of the per-allele odds ratios (ORs) and risk allele frequencies
(p) for each SNP, and assuming independent and additive risks on the
log OR scale, we computed the unscaled population average risk for

autosomal SNPs as:

#=(1-p)*+2p(1-p)OR + p?OR?

and for sex chromosome SNPs as:

u=pOR + (1 -p).

Adjusted risk values were then calculated as:

OR OR*
7"

for the three genotypes defined by the number of risk alleles: 0, 1, or
2, respectively. Missing genotypes were imputed with a population
average risk of 1.0. The adjusted risk values for each SNP were then
multiplied to estimate the overall PRS-associated risk as the
population-standardized PRS for each individual based on his/her
observed genotypes.

Logistic regression models were used to estimate the ORs for
PrCa by quartile of the PRS, with the 1st quartile category (<25th
percentile) as the reference. ORs for PrCa were also estimated for
the following percentiles of the distribution of the PRS, assuming
25th to 75th percentile as the reference: less than 1st, 1st to 10th,
10th to 25th, 25th to 75th, 75th to 90th, 90th to 99th, greater than
99th percentile. Sensitivity analyses of PRS-PrCa association were
performed for JHH and AG samples separately, as well as for Gleason
28 and Gleason <6 groups separately. A continuous PRS was tested
for association with FH, defined as a binary indicator for the
presence of greater than or equal to one first- or second-degree
relatives with PrCa, using logistic regression. To determine whether
the effect of the PRS varied by other patient characteristics such as
age at testing/last clinic visit (for JHH PrCa cases, age at diagnosis
was used) and/or FH, we used a 1-df likelihood ratio test to assess
evidence for interaction between PRS and each characteristic, by
comparing models with and without a multiplicative interaction term.
To further assess whether the PRS was associated with low- or high-
risk PrCa, we tested for association between PRS and Gleason score
among PrCa cases, with and without adjustment for diagnosis age;
PRS association with diagnosis age was also tested among cases.
Area under the receiver operating curve (AUROC) was computed
using R package pROC. R (v.3.5.1) and used for all statistical analyses;
all statistical tests were two-sided, and P<.05 were considered
nominally statistically significant.

Lifetime risk to age 85 years was estimated based on PRS-specific
ORs, population-based age-specific PrCa incidences rates, and both
all-cause and PrCa-specific mortality rates, to account for competing
causes of death. Population rates were based on non-Hispanic white
males in the United States (SEER, www.seer.cancer.gov°>*%). Absolute
risk was estimated with ABSRISK v.1.0.>*


http://www.seer.cancer.gov
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3 | RESULTS
3.1 | Patient characteristics

A total of 4327 patient samples underwent NGS for the present
study. After the assessment of bioinformatics QC and inclusion/
exclusion criteria, data from 3891 patients (1972 PrCa cases and
1919 controls) were available for analysis. The mean age at diagnosis
for cases and at testing or last clinic visit for controls was 59.5+7.2
and 57.2 +13.0 years, respectively. Detailed patient characteristics
by site were included in Table S2.

3.2 | SNP characteristics

The mean SNP call rate (the proportion of individuals whose geno-
type was successfully determined) was 99.8% +0.7% (range: 94.7%-
100.0%). SNP risk allele frequencies among controls ranged from
3.4% to 94.6% and were consistent with the gnomAD non-Finnish
European population (range: 3.1%-94.3%; mean+SD absolute
difference among SNPs: 1.6% + 1.5%; P =.98). Among the 69 SNPs
located on autosomal chromosomes, none deviated significantly from
HWE (all P >.001); the three SNPs located on the X chromosome are
not expected to meet classic HWE in an all-male population.®®
Consistent with the findings of previous large studies, we did not
detect any significant pairwise or high-order interactions among the

SNPs after multiple testing correction.™*

3.3 | PRS association with PrCa

The sum of the risk alleles across the 72 SNPs was approximately
normally distributed among cases (range: 49-83) and controls (range:
41-81) (mean = SD risk allele count: 64.7 +5.4 vs 62.2 +5.3; P<.0001;
Figure 1). The mean+SD PRS was significantly higher for cases vs
controls (1.42 + 1.11 vs 1.02 +0.76; P < .0001). The continuous PRS was
significantly associated with PrCa risk, with an OR per standard
deviation of the PRS of 1.72 (95% Cl: 1.59-1.88). Compared with men in
the 1st quartile of PRS, those in the 2nd, 3rd, and 4th quartile were
1.60 (95% Cl: 1.33-1.92), 2.32 (95% Cl: 1.93-2.79), and 3.85 (95% ClI:
3.19-4.65) times as likely to have PrCa (Table 1). Maximum AUROC for
PRS discrimination of cases and controls was reached at a threshold of
PRS =0.96, corresponding to a PPV =0.61 and NPV =0.60 (AUROC =
0.64; 95% Cl: 0.62-0.66; Figure 2). Adjustment for age resulted in nearly
identical PRS ORs per quartile and model discriminatory performance
(AUROC = 0.64) compared with the unadjusted model. Further adjust-
ment for FH resulted in slight attenuation of PRS ORs per quartile, but
similar AUROC (0.64), which was superior to the model of FH alone
(AUROC =0.60; 95% Cl: 0.58-0.61). Results were similar when stratified
by site (JHH and AG; Table S3). In the fully adjusted model, both FH and
PRS quartile were significantly associated with PrCa (all P<.001), im-
plying that each factor independently contributes to disease risk. The

small reduction in PRS effect estimates was driven primarily by the

The Prostate “\W || EY—L

~Control Case

0.06

0.04

Probability density

0.02

0.00

40 50 60 70 80
Risk allele count

FIGURE 1 Distribution of the sum of risk alleles across 72 single-
nucleotide polymorphisms, for cases (red) compared with controls
(blue). Probability density on the y axis represents the proportion of
cases and controls, respectively, with a given risk allele count (x axis).
The mean + standard deviation risk allele count in cases vs controls:
64.7+5.4 vs 62.2+5.3; P<.0001 [Color figure can be viewed at
wileyonlinelibrary.com]

strong relationship between FH and PrCa; the PRS was not associated
with FH among cases (P =.05) or controls (P =.47). Moreover, we ob-
served no significant interactions between the PRS and age (P =.64), or
FH (P =.90). Consistent with the findings of others, PRS-associated risk
for PrCa did not vary by increasing age or FH (Table 2).

Examining age- and FH-adjusted effects stratified by PRS percen-
tiles on a finer scale, we observed monotonic increasing ORs with in-
creasing PRS compared with the 25th to 75th percentile range (median
risk as the reference) (Table 3). Importantly, the ORs above and below
the median risk were comparable to and had 95% Cls overlapping with
two other large studies: a 25-SNP PRS and 147-SNP PRS assessed in
40414 and 72729 PrCa cases and controls of European ancestry, re-
spectively.’*> We also note that men with high PRS (290th percentile)
included 83 controls, of whom 64 (77%) were negative for PrCa FH.

3.4 | PRS associations with high- vs low-risk PrCa
and age of onset

Among 1740 cases with high- or low-risk Gleason scores (Table S2),
the PRS was associated with PrCa in both groups (Table S4). Inter-
estingly, ORs for the low-risk group were slightly higher than those
estimated for the high-risk group, although 95% Cl were largely
overlapping. There was no association between PRS and high- vs low-
risk PrCa (adjusted for diagnosis age: OR = 1.00; 95% Cl: 0.91-1.10;
unadjusted: OR=0.95; 95% Cl: 0.87-1.04); analysis of JHH cases
alone resulted in similar estimates (adjusted for diagnosis age:
OR=0.98; 95% Cl: 0.88-1.08; unadjusted: OR=0.93; 95% Cl:
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TABLE 1 Odds ratios (ORs) and 95% confidence intervals (Cls) for PrCa per quartile of PRS

Adjusted for age and FH®

Adjusted for age

Unadjusted

P value

95% CI

OR

P value

95% ClI

OR

P value

95% CI

Control, n OR

Case, n

PRS threshold

PRS quartile or covariate

1.00

1.00

1.00

636

337

<0.62

<25%

1.29-1.95 <.001

1.58

1.31-1.90 <.001

1.58

1.33-1.92 <.001

1.60

527

446

0.62-0.96

25%-50%

1.77-2.68 <.001

2.18

1.96-2.84 <.001

2.36

1.93-2.79 <.001

2.32

436

536

0.96-1.53

50%-75%

3.29-4.82 <.001 3.85 3.10-4.80 <.001

3.98

3.19-4.65 <.001

3.85

320

653

>1.53

>75%

1.05-1.07 <.001

1.06

1.03-1.04 <.001

1.03

Age

<.001

2.26-3.17

2.68

FH

BLACK ET AL

Abbreviations: FH, family history; PrCa, prostate cancer; PRS, polygenic risk scores.

2FH is defined as the presence or absence of at least one first- or second-degree relative with prostate cancer. Adjustment for FH resulted in reduced sample size and therefore altered PRS quartile thresholds,

because once samples were removed, the distribution is altered. Analyses including FH included 3344 (86%) of 3891 subjects meeting all inclusion/exclusion criteria and missing less than or equal to seven

SNPs; a total of 1877 (95%) cases and 1467 (76%) controls were included.

Sensitivity
0.6 0.8 1.0

0.4

0.2
|

T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

FIGURE 2 AUROC for the accuracy of the PRS in distinguishing
between prostate cancer cases and controls (AUROC = 0.64, 95% Cl:
0.62-0.66). AUROC, area under the receiver operating curve; Cl,
confidence interval; PRS, polygenic risk scores

0.84-1.03). However, the PRS was associated with diagnosis age
(P<.0001). On average, cases were 0.7 (+0.3) years younger per
quartile of increasing PRS. Men with a PRS in the less than 1st
percentile were on average, 65.4 + 5.7 years of age at diagnosis, while
those with a PRS in the greater than or equal to 99th percentile were
55.7 + 7.6 years, respectively (Table S5).

3.5 | PRS-associated lifetime risk

The mean * SD lifetime risk to age 85 estimated for all cases vs.
controls based on PRS-associated risk was 11.6% * 8.3% vs. 8.4% +
6.1%. By PRS percentile, cumulative lifetime risk to age 85 for men in
the less than 1st percentile of the PRS was 1.6% and increased with
increasing PRS percentile to 44.2% for men in the greater than 99th
percentile. Estimates of lifetime risk were similar for men with and
without an FH of PrCa, which ranged from 1.8% to 48.1% and from
1.7% to 40.1% for the former and latter, respectively (Figure 3).
Cumulative risk from ages 25 to 45 was close to 0% for all PRS
percentiles, as PrCa incidence is extremely low in this age range. Risk
by PRS percentile began to diverge at ~50 years of age, the age that
most men are first screened for PrCa in the clinical setting.

4 | DISCUSSION

We examined the performance of a 72-SNP PRS in a population of
men who were negative for rare RPVs in reported PrCa-susceptibility

genes. Our results demonstrate that the relative and lifetime risks of
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TABLE 2 Odds ratios (ORs) and 95% confidence intervals (Cls) per standard deviation of PRS in the presence or absence of family history of

PrCa, compared with Al Olama et al** and Schumacher et al*®

Present study”

Al Olama et al” Schumacher et al®

Family history Case, n Control, n OR 95% ClI OR 95% Cl OR 95% ClI
Positive 744 295 1.90 1.53-2.40 1.79 1.63-1.96 1.95 1.85-2.05
Negative 1133 1172 1.65 1.49-1.84 1.70 1.64-1.76 1.84 1.80-1.88

Abbreviations: PrCa, prostate cancer; PRS, polygenic risk scores.
?0ORs for the present study are adjusted for age.

PORs shown for Al Olama et al'* were adjusted for age.

“ORs shown for Schumacher et al’® were not adjusted.

PrCa associated with the PRS for these men are similar to those
reported previously in larger and/or broader populations. We also
found that the predictive performance of the PRS, while modest,
outperformed that of FH alone, as is consistent with prior literature.

Al Olama et al** from PRACTICAL, an international collaboration
of nearly 80 PrCa studies conducted across multiethnic populations,
evaluated the predictive performance of a 25-SNP PRS in 40414

men of European ancestry. Recently, Schumacher et al®’

reported
results from the PrCa OncoArray project, which aimed to identify
additional loci associated with PrCa and assessed a 147-SNP PRS in
72729 men of European ancestry. Investigators from both studies
reported a strong association between PRS and PrCa risk, with an OR
per PRS standard deviation of 1.74 (95% Cl: 1.70-1.78) and 1.86
(95% Cl: 1.83-1.89), respectively. Similarly, we estimated an OR of
1.72 (95% Cl: 1.59-1.88) for association with PrCa per PRS standard
deviation. After adjusting for age and presence of PrCa FH, Al Olama
et al reported that men with a PRS in the highest 10% of the dis-
tribution were 2.31 (95% Cl: 2.09-2.56) times as likely to develop
PrCa as those with a median-risk PRS (25th-75th percentile of

PRS distribution). Schumacher et al reported an OR of 2.69 (95% Cl:
2.55-2.82) for this same percentile category of PRS relative to the
median-risk category. Consistent with these findings, our age- and
FH-adjusted PRS-associated risk for men in the 90th to 99th PRS
percentile compared with the median range was 2.31 (95% Cl: 1.74-
3.10). As observed in a prior and this study, the PRS and FH were
independently associated with PrCa, and the PrCa risk associated
with the PRS did not vary by the presence or absence of FH. This
observation and recently increasing evidence suggested that PRS
captures genetic risk components not quantified by FH and RPVs.*¢

Compared with FH, which often suffers from incomplete
information and wide variation, the PRS demonstrated superior
predictive performance in this and a prior study.’® Further adjust-
ment of the PRS model for age and/or FH did not improve its dis-
criminatory performance, which implies that age and/or FH do not
add discriminatory power above that already accounted for by the
PRS. Several other large studies have reported similar observations,
with AUROCs for the PRS alone ranging from 0.59 to 0.62,*>%°” and
AUROCs for the joint model of PRS and FH ranging from 0.60 to

TABLE 3 0Odds ratios (ORs) and 95% confidence intervals (Cls) for PrCa per PRS percentile, compared with Al Olama et al** and Schumacher

et al'®
Present study” (72 SNPs) Al Olama et al” (25 SNPs) Schumacher et al° (147 SNPs)
PRS threshold Case,n Control,n Pvalue OR 95% CI OR 95% CI OR 95% CI

<1% <0.24 10 24 .003 0.30 0.13-064 0.14 0.08-0.24 0.15 0.11-0.20
1-10% 0.24-0.43 107 194 <.001 043 0.32-056 041 0.36-0.47 0.35 0.32-0.37
10-25% 0.43-0.63 222 279 <.001 0.64 0.52-0.79 0.63 0.57-0.70 0.54 0.51-0.57
25-75% 0.63-1.56 937 735 1.00 1.00 1.00

75-90% 1.56-2.29 349 152 <.001 1.86 1.48-233 1.68 1.54-1.83 1.74 1.67-1.82
90-99% 2.29-4.97 222 79 <.001 231 1.74-3.10 231 2.09-2.56 2.69 2.55-2.82
299% >4.97 30 4 .001 576 220-19.78 4.24 3.24-5.53 571 5.04-6.08

Abbreviations: PrCa, prostate cancer; PRS, polygenic risk scores; SNP, single-nucleotide polymorphism.

20Rs for the present study were estimated for percentiles of a population-standardized PRS, adjusted for age and family history. Family history was
defined as the presence or absence of greater than or equal to one first- or second-degree family member with a personal history of PrCa. ORs for some
percentiles of the PRS may be unstable due to a very small sample size (eg, 299%).

PORs shown for Al Olama et al*“ were estimated for percentiles of a weighted PRS, adjusted for age and family history. Family history was defined as the
presence or absence of greater than or equal to one first- or second-degree family member with a personal history of PrCa. Despite model differences, the
present study ORs for PrCa risk are similar to those estimated by Al Olama et al, except for the 299% category.

“ORs shown for Schumacher et al™® were estimated for percentiles of a weighted PRS, and are not adjusted for age or family history. Despite model
differences, the present study ORs for PrCa risk are similar to those estimated by Schumacher et al, except for the 299% category.
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FIGURE 3 Cumulative lifetime (absolute) risk for prostate cancer
by percentiles of PRS, stratified by family history (yes/no). PrCa,
prostate cancer; PRS, polygenic risk scores

0.64.'° Notably, our findings suggested that a large proportion (77%)
of unaffected men in the greater than or equal to 90th PRS percentile
who were PrCa FH-negative may have a high PrCa risk that might
otherwise go unrecognized by FH assessment alone.

We observed an association between PRS and diagnosis age
among PrCa cases, consistent with the findings of Schumacher et al
that PRS effects are greater in magnitude for early-onset PrCa (<55 vs
>55 years). 1> Also consistent with our findings, Schumacher et al
found no association between the PRS and disease aggressiveness (OR
[95% Cl] for low-/intermediate-risk vs high-risk PrCa: 1.89 [1.86-1.93]
vs 1.88 [1.83-1.93]). In a large-scale analysis of PrCa cases, ~85% of
whom had clinically defined aggressive disease, Siebert et al*® ob-
served association between a 54-SNP PRS and PrCa diagnosis age.*®

Absolute risks to age 85 reported by Al Olama et al ranged from
1.5% to 35.0% across the percentiles of PRS distribution for men
without an FH of PrCa, and from 3.7% to 65.8% for men with a po-
sitive FH."* We observed similar lifetime risks in men without an FH
and lower lifetime risks in men with an FH. Given the observed
divergence of lifetime risk by PRS at approximately age 50 and the fact
that 50 years is the age that most men are initially screened for PrCa,
an approach combining clinical assessment with PRS profiling for es-
timation of lifetime risk may be useful for clinical risk assessment.

While our study validates a PRS that may be utilized to assess
PrCa risk, we acknowledge its limitations. Our case-control study is
based on genotyping of retrospectively collected samples and limited
clinical information available from three different sites. Selection bias
may potentially confound our findings, although sensitivity analyses
demonstrated that PRS results and inferences were comparable be-

tween sites. This PRS is based on men of European ancestry, and

generalizing it to other races/ethnicities requires large-scale GWAs
and validation in samples of non-European ethnicity. Lastly, as our
study is based largely on retrospective data, it did not include esti-
mates of cost to assess the PRS in the clinical setting, which would

need to be addressed in a future clinical utility study.

5 | CONCLUSIONS

This analysis suggests that a 72-SNP PRS is predictive of PrCa and
may be used to identify unaffected individuals at high risk of devel-
oping PrCa. Large-scale population-based studies are needed for
assessing PRS association with prognosis. Additional studies are
needed to assess PRS association with clinical features, validation in
non-European populations, interaction with high- and moderate-
penetrance PrCa predisposition genes, and clinical utility.
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