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Abstract In our study, we investigated the utility of genome-wide association study results in
defining a risk score based on prostate cancer risk variants in the Romanian population.
The study population consisted of 1301 unrelated histopathologically confirmed prostate
cancer (PCa) cases and 1,073 male controls consisting of patients admitted for
urological and surgical conditions, excluding cancer.

None of the tested variants in the Romanian GWAS reached a genome-wide
significance (p-value lower than 5x10-8), but 36 markers reached p-values of 1x10-7. 17
of the previously-reported SNPs replicated in the Romanian cohort. Evaluating the total
risk observed in the general PCa GWAS compared with the GWAS performed in the
Gleason Score <7 subcohorts, we found a 5.1 times difference in-between the two
predicted risk scores in individuals carrying all 17 variants.
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Introduction

Prostate cancer (PCa) is the most common cancer
for the male population in Europe. The heritability of
prostate cancer is contributed mostly to a large number
of moderate to commonly occurring Vvariants
conferring lower risks and rarely to rare, occurring
genetic variants with higher penetrance (BENAFIF &
al. [1]) . The incidence rates of prostate cancer vary
substantially worldwide, with a much higher incidence
observed in the Western world than in Asian countries
(MATSUDA & al. [2]).

The identification of genetic variation that
increases susceptibility for PCa may help to inform
screening strategies and clinical management of
patients in the future. Despite the genetic variants
individually only modestly influencing the risk, their
cumulative impact is substantial (DADAEV & al. [3]).
There are now more than 100 PCa risk-associated
single nucleotide polymorphisms (SNPs) that have
been described, and it has been estimated that these
genetic loci increase the estimated proportion of the
familial risk to 33% (Al OLAMA & al. [4]). These
variants can be incorporated into a survival analysis to
estimate their effects on the aggressiveness of prostate
cancer and their impact can be estimated in the form of
a genetic risk score.

The estimated age-standardized incidence of PCA
in Romania is 37.9 per 100,000 men in 2012, and the
estimated age-standardized mortality rate for PCA is
16.9 per 100,000 men (FERLAY & a [5]). From an
epidemiological perspective, several studies were
performed recently investigating the genetic profile of
PCa in Romania. The results of these studies are
indicating that many of the variants showing the most
reliable statistical values in the Romanian population
reside at loci that have been associated with several
cancer types, so-called cancer hubs (IORDACHE PD
& al. [6]). This clustering of the previously reported
variants can provide a framework for possible risk
score estimation in the Romanian population. In the
present study, we investigated the utility of genome-
wide association study results in defining a risk score
based on prostate cancer risk variants in the Romanian
population.

Materials and Methods

Study population

The subjects included in this study were male
patients admitted between 2008 and 2016 in four
clinics from Bucharest for various medical conditions.
The study comprises 2374 hospital patients; 1301
unrelated histopathologically confirmed PCa cases,
most of which had elevated PSA levels, and 1074
controls, consisting of patients admitted for urological
and surgical conditions other than cancer. Blood
samples and buccal swabs were collected for
genotyping. PSA levels in plasma were measured for
all subjects at hospital admission but were not used as
exclusion criteria. All subjects gave written informed
consent prior to enrolment and accepted the use of
personal and clinical data and biological samples for
genetic research (MAZILU & al. [7]).

Table 1. Clinical characteristics of the cohort
Decade % cases
under 50 0.30%

50-60 1%
60-70 35.50%
70-80 44%
80-90 15%
Over 90 0.20%
T Staging % cases
1A 2,32%
1B 1,11%
1C 15,65%
2A 1,71%
2B 1,91%
2C 4,04%
3A 43,80%
3B 6,06%
4 23,33%
Gleason score % cases
2 0.20%
3 0.30%
4 1%
5 3.30%
6 13.20%
7 45.10%
8 20.30%
N Staging % cases
NO 21.50%
N1 3.20%
Nx 75.30%
M Staging % cases
MO 22%
M1 10%
Mx 68%
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The Bioethical Committee of the Romanian
College of Physicians approved the study, and the
study protocols were approved by the National Ethical
Board of the Romanian Medical Doctors Association
in  Romania. Trained interviewers performed
face-to-face interviews, using standardized
questionnaires, to collect personal data (ethnicity,
marital status, education, height, and weight), lifestyle
data (occupation, smoking, coffee, and tea
consumption) and medical history (personal and
familial). All subjects were of self-reported European
descent. No significant differences were observed in
other epidemiological features: BMI, smoking or
alcohol consumptions (Table 1).

Genotyping and analysis of SNP data

DNA was extracted from whole blood and saliva
at deCODE Genetics (Reykjavik, Iceland) and
genotyped using Infintum OmniExpress-24 bead chips
(Mumina). A total of 716,503 SNPs were genotyped
for each included in the study. The genotype data were
filtered using Plink! v1.07 (O’CONNEL & al. [8])
Approximately 10% of the SNPs genotyped were
removed using a Hardy—Weinberg equilibrium
significance threshold of 5 X 10—6 and by excluding
markers with a minor allele frequency lower than 1%.
Prior to the imputation, each chromosome was phased
in a single run using SHAPEIT (DELANEAU & al.
[9]). Markers from Phase 3 October 2014 of the 1000
Genomes (GIBBS & al. [10]) were imputed into the
2024 chip-typed individuals using the IMPUTE2
software (HOWIE & al. [11]) with a posterior
probability of 0.9 as a threshold to call genotypes. The
set of genotypes were tested for population
heterogeneity using principal component analysis in
the ADMIXTURE software (ALEXANDER & al.
[12]) and the results were consistent with a
homogeneous population.

A total of 24,295,558 markers were generated by
imputation for each in the study. Quality control for
the imputation results was performed by removing
markers with minor allele frequency less than 1%, call
rate of 0.95 and info of 0.8. In total, 8,506,022 markers
met the filtering criteria. An association test was
performed between the 8.5 million imputed markers
and a phenotype represented by a positive biopsy for
prostate cancer. The association test was calculated

using SNPTEST (MARCHINI & al. [13]), using a
single binary variable as a response; all reported
P-values are two-sided.

Selection of SNPs for replication of previous

findings

A systematic literature review of variants
associated with prostate cancer from previous GWAS’
was completed on 01 September 2018 using the
NHGRI catalogue of published genome-wide
association studies (WELTER & al. [14)] as a starting
point. A search query with ‘prostate cancer’ as a
keyword was performed, and the inclusion criteria for
selection were as follows: P-values <5 x 10—8 and a
minor allele frequency above 5%. For each study, the
following variables were collected: country and
ethnicity of the participants, genotyping method, the
source of controls and source of replication cohort, and
several cases and controls in both discovery and
replication study.

A total of 48 articles were initially obtained from
the GWAS catalogue based on the keyword search.
Twelve of the studies reported results only tangentially
related to prostate cancer, while the remaining 25
studies reported associations with prostate cancer risk.
We identified 123 unique markers previously
associated with PCa.

Results

In an attempt to identify susceptibility loci for
PCa, 1301 diagnosed PCa cases, and 1074 controls
were tested. A total of 8.5 million imputed markers
with a successful imputation score of >0.90% were
included in the association test. Results across the
genome are graphically illustrated in Figure 1, while
the top findings are presented in Table 2.

Chromosome

Figure 1. For the plot, the —log10 P-values
(y-axis) of sequence variants are shown
according to their chromosomal position(x-
axis)
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Table 2. Variants in the Romanian GWAS with lowest
Frequency

P-values for each locus MAF = Minor Allele

sne | e | position | RO | e | iesses | wontrole | OR | PValue |
(510490219 | chr2 | 8400895 T c 0.08 0.05 187 | 155607 | 1
(53923300 | chr8 | 126142476 C G 0.11 0.07 165 | 233607 | 1
1513253942 | chr8 | 126154649 A G 0.11 0.07 165 | 257E-07 | 1
(34903473 | chr8 | 126156276 C G 0.11 0.07 165 | 257E-07 | 1
(535215140 | chr8 | 126200988 T c 0.11 0.07 166 | 355607 | 1
1535401436 | chr8 | 126185276 A T 0.11 0.07 166 | 370E-07 | 1
(534246020 | chr8 | 126246328 A G 0.11 0.07 165 | 370E+47 | 1
(12675943 | chr8 | 126260092 A G 0.11 0.07 169 | 447E-07 | 099
(513273034 | chr8 | 126134996 G A 0.11 0.07 166 | 454E-07 | 0.99
(35336507 | chr8 | 126256028 G A 0.11 0.07 17 | 482607 | 099
(35055519 | chr8 | 126256027 T G 0.11 0.07 17 | 517607 | 099
(72720569 | chr8 | 126258407 T G 0.11 0.07 168 | 6.11E-07 | 99
(54601320 | chr8 | 126254561 c T 0.11 0.07 169 | 687E-07 | 0.99
(72779189 | chr2 | 8395447 G A 0.08 0.05 188 | 7.99E-07 | 0.99
S1A09307T7 | etz 8395953 c CTIG 1 0.8 0.05 188 | 8.03E-07 | 0.99
(72779193 | chr2 | 8403566 A G 0.08 0.05 185 | 8.13E-07 | 0.99
(516866634 | chr2 | 8375001 A G 0.09 0.05 178 | 835E-07 | 0.98
(6706154 | chr2 | 8398487 C T 0.08 0.05 184 | 107E-06 | 0.98
199049 | chrz 8402794 CA C 0.08 0.05 184 | 117E-06 | 0.98
(55037624 | chr2 | 8388038 A G 0.08 0.05 192 | 1.18E+46 | 0.97
(572779188 | chr2 | 8393977 c 0.08 0.04 195 | 120E-06 | 0.95
(534313605 | chr8 | 126271948 G A 0.12 0.08 166 | 1.20E+46 | 0.94
(72779172 | chr2 | 8361400 c G 0.08 0.05 185 | 1.30E-06 | 0.94
(72779171 | chr2 | 8359538 A G 0.08 0.05 186 | 1.38E-06 | 0.94
(516000462 | chr8 | 126250796 A G 0.14 0.1 161 | 1.43E+46 | 087
$H1282499 1 ohve | 126227755 T G 0.11 0.07 165 | 144E-06 | 1
(516000452 | chr8 | 126243100 A G 0.11 0.07 165 | 144E-06 | 1

None of the tested variants in the Romanian
GWAS reached genome-wide significance (p-value <
5-10-8) but 36 markers had p-values < 1-10-7. In Table
1 there are presented the strongest association signals
seen at 2p25.1 (LINCOO299 gene, intron 7/8) and
8024.13 (NSMCE2 gene, intron 2/6). The data was
obtained by filtering with the following conditions:
imputation info >0.8, tested alleles frequency in
controls >0.005.

Next, we tested the effect of 123 previously
reported PCa variants in the Romanian population. 17
SNPs from 17 different loci were replicated in the
Romanian cohort (P-value <0.05).

Also, for the 17 markers, we performed a second
GWAS using a subcohort of PCa patients with the
values of Gleason score above 7. The 17 markers
replicated in the Romanian population are presented in
Table 3.
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Table 3. Previously reported PCa risk markers associated toPCa risk in the Romanian population with a P
value < 0.05

RS-ID E‘T‘;Tg ATI(;];e OR P-value OR for the second test for-{r:]:si-(;/c?r:lcjietest
RS35148638 C A 1,1905 0,000731 1,4213 0,000236
RS2242652 A G 0,8721 0,002897 0,9412 0,002546
RS4713266 C T 1,2541 0,0005421 1,8714 0,0002277
RS8102476 C T 1,3323 0,003562 1,2224 0,0029581
RS10993994 A G 0,9830 0,004372 0,9901 0,005376
RS2659124 A T 1,1245 0,000939 1,3324 0,000672
RS4245739 A G 0,4212 0,00321 0,7832 0,000913
RS11691517 G A 0,9643 0,000574 0,7614 0,000729
RS6465657 T C 1,0676 0,00473 1,1310 0,0061
RS9364554 T C 0,8235 0,000671 0,9436 0,00064
RS35148638 C A 0,9245 0,000731 0,9924 0,009722
RS12597458 G C 0,8244 0,00095 0,9007 0,0012353
RS2005705 C G 0,8543 0,003994 0,8130 0,003926
RS7127900 C A 0,9676 0,000802 0,9887 0,000967
RS58262369 G T 1,0557 0,0044 1,4412 0,00764
RS12791447 G A 1,3215 0,00014 1,0324 0,00004
RS2238776 G A 1,0400 0,000315 1,1900 0,000348

Evaluating the total risk observed in the general
PCa GWAS compared with the GWAS performed in
the Gleason Score <7 subcohorts, we found a 5.1 times
difference in-between the two predicted risk scores in
individuals carrying all 17 variants. The overall risk
score for the 17 variants in the general PCa cohort is
0.63 compared to the risk score of 3.27 observed for
the Gleason Score <7 subcohorts.

Discussions

A large amount of information on prostate cancer
risk associated SNPs is available for multiple white
case-control samples. However, less is known about
whether these associations can be consistently
replicated in Eastern European populations (JINGA &
al.[15]; ARNOLD & al. [16]). Before trying to
establish risk-based score on our results, we evaluated
the expected p-values compared to the observed p-
values. We observe no excess signal in the Q-Q plot

when testing all marker (Figure 2-a); the observed p-
values (blue line) show a comparable trend to the
expected p-values (the red line).

However, we observe an excess of signals in the
Q-Q plot when restricting to the set of previously
reported variants (Figure 2-b); the observed p-values
(blue line) show a comparable trend to the expected p-
values (the red line). The Q-Q plots concurred with the
plots from the study “Profile of common prostate
cancer risk variants in an unscreened Romanian
population,” our study expanding the cohort of the
above-mentioned paper (PANTEA S. & al [17];
NITIPIR C. & al [18]).

When we compare the odds ratios (OR) of the 17
variants in the general PCa GWAS to the GWAS
performed in the Gleason Score <7 subcohorts, we
observed a constant increase in risk for each replicated
variant. The distribution of both OR sets is graphically
illustrated in Figure 3.
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Figure 3: Distribution of OR’s values for the 17 replicated markers

Conclusions

Including the 17 replicated Romanian SPNS can
provide better risk assessment and can help guide
relatives regarding the time of initiation and frequency
of PCa screening. Although the genetic risk score can
significantly improve screening practices in Romania,
the complete clinical significance of this finding
requires further evaluation. Furthermore, the inclusion
of additional genetic variants from established prostate
cancer susceptibility regions will improve disease
prediction.
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