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Purpose: To identify and examine polymorphisms of genes associated with aggressive and clinical significant forms of
prostate cancer among a screening cohort.
Experimental Design: We conducted a genome-wide association study among patients with aggressive forms of

prostate cancer and biopsy-proven normal controls ascertained from a prostate cancer screening program. We then
examined significant associations of specific polymorphisms among a prostate cancer screened cohort to examine their
predictive ability in detecting prostate cancer.
Results: We found significant associations between aggressive prostate cancer and five single nucleotide polymor-

phisms (SNPs) in the 10q26 (rs10788165, rs10749408, and rs10788165, p value for association 1.3 � 10210 to 3.2 � 10211)
and 15q21 (rs4775302 and rs1994198, p values for association 3.1 � 1028 to 8.2 � 1029) regions. Results of a replication
study done in 3439 patients undergoing a prostate biopsy, revealed certain combinations of these SNPs to be
significantly associated not only with prostate cancer but with aggressive forms of prostate cancer using an established
classification criterion for prostate cancer progression (odds ratios for intermediate to high-risk disease 1.8–3.0, p value
0.003–0.001). These SNP combinations were also important clinical predictors for prostate cancer detection based on
nomogram analysis that assesses prostate cancer risk.
Conclusions: Five SNPs were found to be associated with aggressive forms of prostate cancer. We demonstrated

potential clinical applications of these associations.

Introduction

Several genome-wide association studies (GWAS) have identified
a number of genomic variants which are associated with an
increased risk of prostate cancer, particularly from the 8q24
region.1-3 Although these associations are statistically significant,
it remains unclear to what extent these high-risk genotypes are
associated with aggressive forms of prostate cancer.4,5

A primary goal of evaluating biomarkers for the early detection
of prostate cancer is to distinguish patients who will eventually
develop metastases from those with more indolent forms of
cancer. Recently, a large, multi-centered study, including subjects
from the Physicians’ Health Study, failed to show any associations
with aggressive and lethal forms of prostate cancer with these and

other SNPs found from past GWAS.4 Also, a recent study
examining the most significant SNPs found by past GWAS study
found no associations to prostate cancer outcomes including
measures of aggressiveness and cancer-specific mortality.5 Thus,
although new SNP associations have been numerous, the clinical
benefit has been limited since in part that these SNPs cannot
identify patients with aggressive forms of prostate cancer.

In a typical GWAS, the cases and controls are not derived from
the same patient sample; however, this is not the case when
screened subjects are studied. In a screening study, controls may
be selected from men who screen negative for the cancer. Recent
data from the Prostate Cancer Prevention Trial6 has established
that men who are judged to be at low risk for prostate cancer
(i.e., normal patients), but who undergo a prostate biopsy, have a
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prevalence rate of 25% for prostate cancer. One-quarter of these
are high-grade, aggressive cancers.7 Thus, the misclassification of
cases as controls may diminish the potential of discovering SNPs
that help to identify men with aggressive, high grade prostate
cancer. By using men with negative biopsies as controls, the
potential for misclassification is minimized.

To identify new SNP variants for aggressive prostate cancer,
we conducted a GWAS among men who had a prostate biopsy,
using a two-stage approach. In the first stage, 316 cases and 229
controls were genotyped using the Affymetrix 500K SNP array
(443,816 SNPs). Cases were patients with aggressive forms of
prostate cancer using the established D’Amico classification
criteria,8 and controls were biopsy proven normal patients. In
the second stage, we genotyped positive SNPs found from stage 1
among 3439 patients who underwent prostate biopsy for prostate
cancer screening. We investigated their clinical significance by
examining their association with D’Amico criteria outcomes and
by nomogram analysis in predicting prostate risk.

Results

Stage 1: identification of novel SNPs from GWAS. We chose
three criteria to select positive SNPs from the 316 cases and 229

controls that underwent GWAS analysis and chose 20 SNPs from
them (Table 1): (1) a Bonferroni corrected p value of less than
0.01, and the SNP was from a region which has previously been
shown to harbor a locus associated with prostate cancer (n = 5);
(2) two or more SNPs were in linkage disequilibrium and the
Bonferroni corrected p value for each was less than 0.01 (n = 9);
or (3) the Bonferroni corrected p value was 1025 or less (n = 6).

Stage 2: replication of 20 SNPs from prostate biopsy cohort.
The 20 SNPs were tested in an independent sample of 3439 men
of various ethnicities. All 3439 men underwent a prostate biopsy;
1663 (48.4%) were diagnosed with prostate cancer, and 1776
(51.6%) did not have any evidence of cancer from biopsy
(Table 2). Among the 1663 men with cancer, 413 (24.8%) had a
low risk cancer (based on the D’Amico classification of prostate
cancer aggressiveness), 944 (56.8%) had an intermediate risk
cancer, and 306 (18.4%) had a high risk prostate cancer.

In the replication set, nine of the 20 SNPs were significantly
associated with prostate cancer. The strongest associations were
found from five SNPs: three SNPs at region 10q26 (p value
6 � 1027 to 3 � 10210) and two SNPs at 15q21 (p value 7 � 1026

to 1 � 1027) (Table 2). The remaining four SNPs were from
other regions, at 10q23 (rs7089868, rs11596082 and rs2351337)
and at 8q13 (rs2053140), but the p values of association ranged

Table 1. List of 20 SNPs found by genome wide association study (GWAS) using the 500K Affymetrix single nucleotide polymorphism (SNP) chip to be
associated with aggressive prostate cancer.

SNP p value/Bonferroni-corrected
p value

Chromosomal
region

Minor allele
frequency

Odds ratio
(95% C.I.)

Associated gene
(if applicable)

1st Criteria: Bonf. p value , 0.01 with region close to known prostate cancer gene (n = 5)

rs12699509 1.4 � 1028/0.006 7p21.2 0.29 2.7 (1.9.–3.8) ETV1

rs3114316 9.2 � 1029/0.004 7q11.23 0.12 3.4 (2.2–5.2) KIAA1505

rs3852402 2.9 � 1028/0.01 9q23.32 0.38 2.2 (1.7–2.9) FANCC

rs2226016 3.0 � 1028/0.01 11p14.1 0.34 2.3 (1.7–3.2) FSHB

rs4281668 9.9 � 1029/0.004 15q25.3 0.42 2.9 (2.0–4.1) AKAP13

2nd Criteria: Two or more SNPs in LD and Bonf. p , 0.01 (n = 9)

rs2053140 5.7 � 1029/0.002 8q13.2 0.47 2.6 (1.8–3.7) DEPDC2

rs4131931 2.8 � 1028/0.01 (8 kb apart)

rs7089868 1.8 � 1028/0.007 10q23.1 0.47 2.8 (2.0–4.1) KIAA1128

rs11596082 1.7 � 1028/0.007 (7 kb apart)

rs2351337 1.8 � 1028/0.007 (40 kb apart)

rs11199874 7.2 � 10211/3.0x1025 10q26.12 0.29 2.9 (2.1–4.1) No description

rs10788165 1.3 � 10210/5.5x1025 (12 kb apart)

rs1994198 8.2 � 1029/0.003 15q21.1 0.43 2.6 (1.8–3.7) No description

rs4775302 3.1 � 1028/0.01 (13 kb apart)

3rd Criteria: Bonf. corrected p value , 1025 (n = 6)

rs17018760 4.0 � 10212/1.7 � 1026 2p12 0.11 4.4 (2.8–6.9) CTNNA2

rs410259 2.2 � 10211/1.0 � 1025 2p22.1 0.12 4.0 (2.6–6.2) SLC8A

rs10749408 3.2 � 10211/1.0 � 1025 10q26.12 0.34 2.5 (1.9–3.3) No description

rs2429763 2.0 � 10211/1.0 � 1025 11p14.3 0.18 2.9 (2.1–4.0) No description

rs595018 2.0 � 10211/1.0 � 1025 11q12.2 0.19 2.9 (2.1–4.0) CCDC86

rs2347306 3.0 � 10211/1.0 � 1025 12q24.32 0.05 5.5 (3.2–9.7) No description

C.I., confidence interval.
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from 0.05–0.02. Because of the large difference in the level of
significance from the first five SNPs, the remaining four SNPs
were excluded from further study.

The associations between the five SNPs and prostate cancer
were only present among white subjects. No associations were
found for men of Asian or African ancestries, although the sample
sizes for these ethnic groups were smaller (Table S1). No other

significant association was found with the other 15 SNPs. Of the
three SNPs from region 10q26, two SNPs (rs11199874 and
rs10788165) were in strong linkage disequilibrium (r2 = 0.97 in
controls). The third SNP, rs10749408, was not in linkage
disequilibrium (LD) with either of the other two. The two SNPs
from region 15q21, rs4775302 and rs1994198, were in strong
linkage disequilibrim (r2 = 0.99 in controls).

We asked whether these SNPs were associated with prostate
cancer, after adjusting for established risk factors and other
variables [age, family history of prostate cancer, ethnicity, urinary
symptoms, prostate specific antigen (PSA) level and digital rectal
examination]. The adjusted odds ratios, based on the risk geno-
type classes for the five SNPs, ranged from 1.26–1.42 (Table 3).
To determine whether these variants were also associated with
aggressive prostate cancer, we used the D’Amico criteria to divide
the cases into low, intermediate and high-risk categories for
prostate cancer progression. This criteria combines Gleason Score
grade, clinical stage and PSA level at diagnosis into risk group
categories and is a well-established method of predicting prostate
cancer mortality.8

We chose one SNP to represent each of the two haplotype
blocks (the one with the highest odds ratio for prostate
cancer) resulting in three SNPs (rs11199874, rs10749408, and
rs4775302). We combined the risk alleles from the three SNPs
and compared the frequencies of patients with low, intermediate,
high risk prostate cancer and with no cancer, by the number of
risk alleles (Table 4). Within each risk category, the odds ratios
for cancer increased by the number of variant alleles (Table S2).
In particular, for patients who were diagnosed with high risk
prostate cancer, those with three variant alleles had a 3-fold
increase in risk (odds ratio being 3.0, 95% CI: 1.5–5.8) for hav-
ing high risk prostate cancer, compared with patients with no
variant allele. The odds ratios for high risk cancer for patients
with two variant alleles was 1.8 (95% CI: 0.9–3.4) and for one
variant allele was 1.2 (95% CI: 0.6–2.4) with a significant
increase in trend by the number of variant alleles (p , 0.0001)
(Table S2). There was a significant positive trend in the odds
ratios for having low, intermediate and high risk prostate cancer
for patients with the three variant risk alleles (p = 0.0002). No
significant trends were observed for patients with one or two
variant alleles across disease risk categories. Overall, there was a
global positive trend association by risk group and number of
variant risk alleles (p = 0.048).

To determine whether or not these SNPs could be used
clinically in diagnosing prostate cancer, we examined the effect
of SNPs within a multivariate logistic regression model in
predicting prostate cancer using nomograms, and also assessed
the clinical validity of these SNPs using sensitivity, specificity,
positive predictive value (NPV) and negative predictive (NPV)
analysis, as proposed by Kraft et al.14 To construct the nomo-
gram, all 20 SNPs were tested within the multivariate model.
Based on the concordance indices of bias-corrected probabilities
for any and aggressive prostate cancer, for each of these
SNPs, the performance of each of the 20 SNPs and the three
variant risk alleles were similar. Among white subjects, the
nomogram with the three risk alleles was a significant predictor

Table 2. Comparison between cases and controls of risk factors, tumor
markers for prostate cancer and the genotype frequencies of selected SNPs

Factor
total n = 3439

Cancer
n = 1663 (48.4%)

No cancer
n = 1776 (51.6%)

p value*

Age Group (years)
# 50
51–60
61–70
. 70

38 (2.3%)
397 (23.9%)
718 (43.2%)
510 (30.7%)

96 (5.4%)
554 (31.2%)
776 (43.7%)
350 (19.7%)

1.3 � 10221

Family History of PC
Absent
Present

1376 (82.7%)
287 (17.3%)

1545 (87.0%)
231 (13.0%)

0.0005

Ethnicity
Asian

Caucasian
Black
Other

55 (3.3%)
1382 (83.1%)
184 (11.1%)
42 (2.5%)

134 (7.6%)
1428 (80.4%)
127 (7.1%)
87 (4.9%)

7.4 � 10217

LUTS
# 7
. 7

926 (55.7%)
737 (44.3%)

864 (48.7%)
912 (51.3%)

5.5 � 1026

DRE
No Nodule
Nodule

1206 (72.5%)
457 (27.5%)

1500 (84.5%)
276 (15.5%)

7.3 � 10218

PSA (ng/mL)
# 4.0

4.1–10.0
10.1–20.0
. 20.0

135 (8.1%)
980 (58.9%)
387 (23.3%)
161 (9.7%)

353 (19.9%)
1011 (56.9%)
345 (19.4%)
67 (3.8%)

2.1 � 10234

SNP genotyping frequency

rs11199874, 10q26
GG
AG
AA

962 (57.9%)
567 (35.9%)
104 (6.3%)

869 (48.9%)
740 (41.7%)
167 (9.4%)

2.6 � 10210

rs10749408, 10q26
TT
CT
CC

813 (48.9%)
697 (41.9%)
153 (9.2%)

775 (43.6%)
803 (45.2%)
198 (11.2%)

6.9 � 1026

rs10788165, 10q26
TT
GT
GG

740 (44.5%)
734 (44.1%)
189 (11.4%)

673 (47.6%)
842 (47.4%)
261 (14.7%)

1.2 � 1027

rs4775302, 15q21
AA
AG
GG

496 (29.8%)
828 (49.8%)
339 (20.4%)

467 (26.3%)
833 (46.9%)
476 (26.8%)

4.1 � 1028

rs1994198, 15q21
TT
CT
CC

492 (29.6%)
802 (48.2%)
369 (22.2%)

498 (28.0%)
783 (44.1%)
495 (27.9%)

5.8 � 1027

*p value calculation based on Fisher’s exact test. **LUTS, lower urinary
tract symptoms.
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(p = 0.0002) of any cancer and high grade (Gleason Score 7 or
more) cancer (Fig. 1). When examining the importance of
each predictor from area under the curve (AUC) analysis, the
three SNP model was the fourth (out of six) most important
predictor for cancer (incremental drop of AUC being 0.004,
Fig. 1). It was a more important predictor than family history
of prostate cancer and urinary symptoms. When considering
the clinical performance of the three SNP model alone, the
sensitivity was 94.4% for any cancer for patients with one or
more variant alleles and the specificity was 78.2% for any cancer
for patients with three variant alleles (Table 5). The positive
and negative predictive values improved with the number of
variant alleles, but the absolute levels were low, compared with
the baseline prevalence. Also, the ROC curve for the 3 SNP
model was better at diagnosing aggressive cancer than for any
cancer (Fig. 2).

Discussion

It is well established that men diagnosed with intermediate or
high-risk prostate cancer based on the D’Amico criteria have
a high chance for progression to metastasis. It is of primary
importance to identify these men in a screening program. Our
study is the first to demonstrate association of 10q26 and 15q21
region SNPs with prostate cancer, and to show that a combination

of these risk alleles (three SNP model) is associated with aggressive
prostate cancer. From nomogram analysis, the clinical perform-
ance of our SNP variants was not superior to PSA or age, but was
important as other established risk factors, such as family history
of prostate cancer.

The stage 1 analysis of this study did not reveal any associations
between prostate cancer and previously-identified risk loci on
8q24 and 17q. This discrepancy likely reflects our specific analysis
of patients with aggressive prostate cancer, as our prior analysis of
the patient cohort included in stage 2, did reveal associations
between 8q24 and 17q SNPs and prostate cancer, but not aggres-
sive cancer.15 Similarly, results of two recent large, multi-centered
studies revealed no association of prostate cancer aggressiveness
and mortality with these or other putative prostate cancer SNPs
found by past large GWAS.4,16

The odds ratios for the five SNPs identified by our Stage 1
analysis were larger than those identified in Stage 2. This result
could reflect a “Winner’s Curse” phenomenon,17,18 wherein the
estimated effect of a marker allele from the initial GWAS may
be exaggerated related to the estimated effect in a confirmatory
study. Such a possibility could relate to our selection of “hyper-
normal” controls in Stage 1—men who had normal PSA levels or
had multiple biopsies with no evidence of cancer.

No previous studies have reported prostate cancer association
with the chromosomal 10q26 and 15q21 regions or with genes in

Table 3. Crude and adjusted odds ratio based on variant genotypes. Analysis for 10q26 was based on a recessive model and for 15q21 on a dominant
model. Multivariate model variables included age at biopsy, ethnicity, family history of prostate cancer, the presence of urinary voiding symptoms, prostate
specific antigen (PSA) level and digital rectal exam (DRE) status.

SNP Information Alternative
Alleles

Assoc.
Allele

Frequency Genotype Odds Ratio
(95% CI)

p value Adjusted Odds
Ratio (95% C.I.)

p value

Cases Controls Reference Associated

rs11199874 10q26 A/G G 0.75 0.70 A/A, A/G G/G 1.42 (1.221.6) 3.1 � 1028 1.27 (1.121.5) 0.001

rs10749408 10q26 C/T T 0.70 0.66 C/C, C/T T/T 1.26 (1.121.4) 6.0 � 1025 1.18 (1.021.4) 0.02

rs10788165 10q26 G/T T 0.67 0.62 G/G, G/T T/T 1.34 (1.221.5) 2.6 � 1026 1.29 (1.121.5) 0.0005

rs4775302 15q21 A/G A 0.59 0.50 G/G A/G, A/A 1.41 (1.221.6) 2.4 � 1026 1.31 (1.121.6) 0.001

rs1994198 15q21 C/T T 0.55 0.52 C/C C/T, T/T 1.34 (1.1 – 1.6) 3.4 � 1025 1.33 (1.1 – 1.6) 0.0009

C.I., confidence interval.

Table 4. Distribution of patients by aggressiveness of prostate cancer using low, intermediate and high risk categories for prostate cancer (D’Amico
Classification). Variant alleles based on a combination of a 3 SNP model (rs11199874, rs10749408 and rs4775302)

Number of Variant
Alleles (Frequency

Distribution)

Number of
patients with NO
CANCER (n = 1776)

Number of Patients with CANCER* (n = 1663)

LOW RISK** (n = 413)
Gleason Score 6, PSA , 10,

AND Stage T1c

INTERMEDIATE RISK**
(n = 944) Gleason Score 7,
PSA 10–20, OR Stage T2a/b

HIGH RISK** (n = 306)
Gleason Score 8–10, PSA . 20,

OR Stage T2c

0 (7.3%) 154 (8.7%) 25 (6.1%) 55 (5.8%) 18 (5.9%)

1 (34.3%) 669 (37.7%) 138 (33.4%) 293 (31.0%) 78 (25.5%)

2 (33.8%) 584 (32.9%) 148 (36.1%) 330 (34.9%) 100 (32.7%)

3 (24.6%) 369 (20.8%) 101 (24.5%) 267 (28.3%) 110 (36.0%)

*Comparison between patients with and without cancer by the number of variant alleles (2 � 4 table): chi-square = 44.6, p, 0.0001. **Comparison between
patients without cancer and cancer risk groups by the number of variant alleles (4 � 4 table): chi-square = 58.1, p, 0.0001. Comparison between risk groups
(cases only, 3 � 4 table): chi-square = 12.6, p = 0.05.
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these regions. The three disease-associated SNPs on chromosome
10q26 map within 70 kb from one another and the two SNPs in
LD (rs11199874 and rs10788165) are separated by 12 kb. These
three SNPs span a 590 kb region encompassing two genes,
WDR11 and FGFR2, that have been linked to glioblastomas19

and breast cancer.20 The two SNPs on 15q21 are 13 kb apart and
map 880 kb from the closest gene, GATM, which encodes a
mitochondrial enzyme.

A limitation of our study is that a proportion of our controls
may be misclassified due to false-negative results of the prostate

Figure 1. Nomogram analysis based on 2,810 white subjects: 1,428 with no evidence of cancer, 637 with low grade PCa (GS , = 6) and 745 with high
grade PCa (GS 7–10). The nomogram is used by first locating a patient’s position for each variable on its horizontal scale and then a point value is
assigned according to the points scale (top axis) and summed for all variables. Total points correspond to a probability value for having prostate cancer
or aggressive prostate cancer. PSA, prostate specific antigen; FH, family history of prostate cancer; DRE, digital rectal examination; AUA Score, American
Urological Prostate Urinary Symptom Score; and MOD3, 3 SNP risk allele model. For calibration plots, see Figure S2 .

Table 5. Comparisons of sensitivity, specificity, positive predictive value, and negative predictive value based on the combination of the risk alleles from the
three SNP model among white subjects only

Predictor variable Sensitivity (%) Specificity (%) Positive predictive value (%) Negative predictive value (%)

Any
cancer

GS 7 GS 8–10 Any
cancer

GS 7 GS 8–10 Any
cancer

GS 7
(26.5%)

GS 8–10
(5.6%)

Any
cancer

GS 7
(73.5%)

GS 8–10
(94.4%)

1 Variant allele cut-off 94.4 94.5 95.6 7.9 7.2 6.9 49.8 26.9 5.8 59.5 78.4 96.3

2 Variant alleles cut-off 62.0 62.0 70.4 46.6 43.9 43.1 52.9 28.5 6.9 55.9 76.2 96.1

3 Variant alleles cut-off 29.5 30.7 37.1 78.2 76.3 75.1 56.8 31.9 8.2 53.4 75.3 95.2
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biopsy. Approximately 10–20% of patients have been found to
have cancer from repeat prostate biopsy after an initial negative
biopsy.21,22 In Stage 1, this bias was minimized by selecting
control patients who had a low risk for having prostate cancer
with low PSA levels (, 10 ng/mL, with half having a normal PSA
level of , 4.0 ng/mL).

Thus, from a GWAS based on cases with aggressive prostate
cancer and controls with no evidence of cancer from biopsy, we
have found new associations of SNPs at 10q26 and 15q21.
Certain combinations of these SNPs are associated with aggres-
sive forms of prostate cancer and have similar clinical importance
compared with other risk factors for prostate cancer. Further
elucidation of additional SNPs or genes in these new regions
would be important to examine before these and potentially
other SNPs from these regions can be used clinically to predict
prostate cancer.

Materials and Methods

Study subjects. Patients were drawn from a sample of 4573 men
who underwent a prostate biopsy from a prostate cancer screen-
ing program between 1999 and 2008 within an urban, North
American-based population. Patients of any age were included
in the study if they had an abnormal prostate specific antigen
(PSA) value (. 4.0 ng/mL) or digital rectal exam (DRE). Patients
were also included if they had a normal PSA level (, 4.0 ng/mL)
or DRE, but were willing to undergo a prostate biopsy for

the purpose of prostate cancer screening (n = 408). Patients
eligible for this study were unselected and were accrued con-
secutively. No patient had a past history of prostate cancer. All
patients underwent one or more transrectal ultrasonography
(TRUS)-guided needle core biopsies. Patients were excluded if
they were not capable of giving consent to participate in a research
study (n = 46); or if they could not provide sufficient baseline
information (n = 53). Blood samples were obtained prior to
prostate biopsy. Six to fifteen ultrasound-guided needle core
biopsies were performed (median = 8), using an 18-gauge spring
loaded biopsy device. Samples were obtained using a systematic
pattern and additional targeted samples were obtained from sus-
picious areas. The primary endpoint was the histologic presence
of adenocarcinoma of the prostate in the biopsy specimen. All
grading was based on the Gleason scoring system.9 A urological
voiding history (AUA Symptom Score10), DRE results, serum
PSA level, family history of prostate cancer information, and
ethnic background were obtained. This study was approved by the
research ethics board (Sunnybrook Health Sciences Center).

Stage analysis. To maximize the probability of identifying
SNPs that can predict patients with aggressive forms of prostate
cancer we conducted our study in two stages. Stage 1 consisted
of a GWAS to identify novel SNPs. We restricted our GWAS
analysis to patients diagnosed with intermediate to high risk
prostate cancer for progression to metastasis defined by the
D`Amico criteria8 of prostate cancer risk in order to maximize
the probability of finding clinically significant SNPs (rather than

Figure 2. ROC plot of 3 SNP model based on method by Kraft et al. among white subjects only. For ROC plots of nomogram, see Figure S3 .
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those associated with indolent forms of prostate cancer). Stage 2
consisted of a replication study among a separate cohort to
determine whether the SNPs from Stage 1 could predict aggressive
forms of prostate cancer among a prostate biopsy screening cohort
who underwent a prostate biopsy. To fully evaluate whether SNPs
can be used in a clinical setting within the context of prostate
cancer detection and screening, we evaluated whether these
SNPs could predict any prostate cancer and its aggressive forms.

For Stage 1, subjects were derived from the first 1,000 subjects
who underwent a prostate biopsy. We identified 545 cases and
controls from the 1,000 eligible patients for SNP array analysis.
Of the 545 patients, 316 cases and 229 controls were genotyped
using the Affymetrix 500K SNP array (443,816 SNPs). Cases
were white patients with screen-detected prostate cancer and
who had a high risk of progression based on the D’Amico
criteria which is and established method of risk stratification for
prostate cancer progression; i.e., either a Gleason Score of 7 and a
PSA level of . 10 ng/mL or a Gleason Score of 8–10. Controls
were white patients who had no evidence of cancer, based on
one or more systematic multi-core (median number = 8 cores
per biopsy session) prostate biopsies; 105 controls had a normal
PSA level and 124 controls had a PSA level between 4.0 and
10.0 ng/mL.

For Stage 2, the remaining 3573 patients were included in the
replication study. The primary endpoint was the presence of
adenocarcinoma of the prostate. We assessed whether the SNPs
from Stage 1 was associated with any prostate cancer and aggres-
sive forms defined by the D’Amico criteria. This criteria
categorizes patients with prostate cancer into three groups: low,
intermediate and high risk based Gleason score, clinical stage and
PSA level. Because of the three categories of aggressiveness and the
potential multiple number of SNP genotypes found, to assess the
association with aggressive forms of prostate cancer, we grouped
the SNPs in combination and compared them to the D’Amico
risk groups. We also examined their ability to predict prostate and
aggressive forms of prostate within a nomogram model to assess
its clinical significance.

SNP array analysis and genotyping. In Stage 1, using the
500K Affymetrix SNP array, 443,816 SNPs were analyzed. Of
those SNPs, 401,593 were retained after being excluded for not
being in Hardy-Weinberg equilibrium (HWE)(p . 0.001), had a
minor allele frequency of, 0.05, or a call rate of, 95%. To deal
with population stratification, we used principal component
analysis to adjust for variances within ethnic subgroups with
EIGENSTRAT (Golden HelixTree, V6.4.1).11 Five eigenvectors
were used and three clusters were observed. A Q-Q plot is
provided in Figure S1.

Genotyping was conducted using mass-spectrometry-
based genotyping analysis and matrix-assisted laser desorption
ionization—time of flight (MassArray System, Sequenom Inc.)
following the manufacturer’s instructions. A standard protocol
for multiplex homogeneous mass extend assay developed by
Sequenom Inc. was utilized and modified according to designed
primers. For quality control, we assigned negative controls for
each test plate (Microseal TM 384 V2.0).

Data analysis for replication study. For Stage 2, we excluded
40 samples that failed on two or more of the assays used. The call
rates were at least 95% for each SNP. Genotype distributions for
all tested SNPs were in Hardy-Weinberg Equilibrium (HWE).
Cases were defined as patients with prostate cancer and controls
were men with no evidence of cancer. Allele frequencies for each
SNP were calculated for cases and controls and the distributions
were compared. Allelic odds ratios were calculated based on a
multiplicative model. For genotypes, frequency comparisons were
compared for an additive, dominant or recessive genetic model for
each of the SNPs with unconditional logistic regression. The
model with the highest likelihood was considered to be the best
fitting model for each SNP.12 We tested the cumulative effects
of selected SNPs for each model by counting the number of
genotypes associated with prostate cancer on the basis of the best-
fitting genetic model from single-SNP analysis; the odds ratios for
prostate cancer for patients with one or more variant genotypes
were estimated. In the multivariate analysis, we adjusted for age,
ethnic group, family history of prostate cancer, the presence of
lower urinary tract voiding symptoms, the total PSA level, and the
digital rectal examination. Unconditional logistic regression
analysis was used to examine how each of these factors, alone
and in combination, would predict the presence of prostate cancer
and aggressive forms of prostate cancer, defined by the D’Amico
classification.8

Nomogram construction. To develop a clinical instrument that
incorporates the SNP findings, we considered all SNPs in a
nomogram multivariate model, restricted to white subjects only.
This nomogram was designed to predict both prostate cancer
and aggressive cancer defined as having intermediate to high-
grade prostate cancer (Gleason Score 7 or more). Ordinal logistic
regression was used to model the probability of having low or
high grade cancer. Three outcome levels were defined: (1) no
cancer; (2) low-grade cancer (Gleason Score 6 or less; and (3)
intermediate to high-grade cancer (Gleason Score 7 or more).
Continuous variables were modeled with restricted cubic splines
to avoid linearity assumptions. The logistic regression model was
the basis for constructing a nomogram. All patients were used to
develop and validate the nomogram. Bootstrapping was used to
correct for optimism in the evaluation of discrimination and
calibration. All analyses were performed using S-Plus 2000
Professional software (Statistical Sciences) with the Design and
Hmisc libraries added.13
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