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Abstract
Background—A strong cumulative effect of five genetic variants and family history on prostate
cancer risk was recently reported in a Swedish population (CAPS). We carried out this study to
confirm the finding in two U.S. study populations and perform a combined analysis to obtain a more
stable estimate of the Odds Ratio (OR) for prostate cancer.

Methods—We evaluated three SNPs at 8q24 and one SNP each at 17q12 and 17q24.3 in two study
populations in the U.S. The first was a hospital-based case-control study population at Johns Hopkins
Hospital (JHH), including 1,563 prostate cancer patients and 576 control subjects. The second was
the National Cancer Institute Cancer Genetic Markers of Susceptibility (CGEMS) Initiative,
including 1,172 prostate cancer patients and 1,157 control subjects.

Results—We confirmed a cumulative effect of five risk variants on prostate cancer risk. Based on
a total of 5,628 cases and 3,514 controls from JHH, CGEMS, and CAPS, men who carry any
combination of 1, 2, 3, and 4 or more of these five risk variants have an estimated OR (95% CI) of
1.41 (1.20-1.67), 1.88 (1.59-2.22), 2.36 (1.95-2.85), and 3.80 (2.77-5.22) for prostate cancer,
respectively, compared to men who do not have any of these five risk variants. When family history
was included, the cumulative effect was stronger.

Discussion—These results provide an important confirmation for the cumulative effect of five
genetic risk variants on prostate cancer risk. The more stable OR estimates of the cumulative effect
of these six risk factors are a major step toward individual risk characterization for this disease.

Keywords
association; interaction; 17q12; 17q24.3; 8q24

A strong cumulative effect of five genetic variants on prostate cancer risk was recently reported
by our group, based on analyses of Cancer of the Prostate in Sweden (CAPS), a Swedish
population-based case-control study [1]. In that study, five prostate cancer risk associated
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variants [2-7] previously identified through genome-wide association studies were evaluated
in 2,893 prostate cancer patients and 1,781 control subjects. While each of these variants was
found to be independently and moderately associated with prostate cancer risk, combinations
of risk alleles had a stronger cumulative effect on prostate cancer. Compared to men who did
not have any of these five risk variants and family history, men who carried any combination
of 2, 3, 4, and ≥ 5 of these risk factors had an odds ratio of 2.07, 2.71, 4.76, and 9.46, respectively
(P-trend = 3.93 × 10−28).

The strength of the cumulative effect of these common risk variants, if confirmed, would
provide an important step in identifying men who have increased risk for prostate cancer. In
this study, we performed independent confirmation studies in two additional study populations
and subsequently performed a combined analysis to obtain more stable risk estimates.

The first study population consisted of samples from the Johns Hopkins Hospital (JHH). Case
patients were 1,563 men of self-reported European American (EA) ancestry who underwent
treatment for prostate cancer at the hospital between 1999 and 2006. Each patient’s tumor was
graded using the Gleason scoring system [8] and staged using the TNM (tumor–node–
metastasis) system [9]. During the same time period, men who were undergoing screening for
prostate cancer at the hospital were asked to participate as control subjects. A total of 576 men
met our inclusion criteria as control subjects for this study: EA, age above 55 years, normal
digital rectal examination, and a serum prostate-specific antigen (PSA) level < 4.0 ng/mL. All
five of the risk variants reported in the study were directly genotyped using the same Sequenom
iPLEX method [1], including rs4430796 at 17q12, rs1859962 at 17q24.3, rs16901979 at
Region 2 of 8q24, rs6983267 at Region 3 of 8q24, and rs1447295 at Region 1 of 8q24.

The second study population was from the National Cancer Institute Cancer Genetic Markers
of Susceptibility Initiative for prostate cancer (CGEMS-prostate) [5]. The CGEMS-prostate
study included 1,172 prostate cancer case patients and 1,157 control subjects of EA who were
selected from the Prostate, Lung, Colon and Ovarian (PLCO) Cancer Screening Trial using an
incidence density sampling strategy. Individual genotype data were downloaded from
http://cgems.cancer.gov/data/. Four (rs4430796, rs1859962, rs6983267 and rs1447295) of the
five SNPs were directly genotyped as part of the 550,000 SNPs in the CGEMS-prostate
genome-wide association study [5]. One SNP (rs16901979) was imputed from the adjacent
genotyped SNPs at 8q24 using the computer program IMPUTE [10-11]. The average
confidence score for the imputed SNP was 1.00, suggesting a reliable imputation for the SNP.

We evaluated the association of prostate cancer risk with each of these five risk variants in the
JHH and CGEMS-prostate study populations using single SNP analysis and adjusted for age
in each 5-year interval. Using the best genetic model observed in the CAPS [1], we found the
risk genotypes of each SNP were more common in cases than in controls in each of these two
study populations. When these SNPs were included in a multivariate analysis where all five
risk variants, family history (not included in the JHH because of incomplete data), and age
were included, three SNPs (rs4430796, rs6983267, and rs1447295) in the JHH and 4 SNPs
(rs4430796, rs1859962, rs6983267, and rs1447295) in the CGEMS-prostate were
independently and significantly (P < 0.05) associated with prostate cancer risk (Table 1).

Similar to the results of the CAPS study [1], we observed a stronger cumulative effect of these
five risk variants on prostate cancer risk in both of these confirmation study populations (Table
2). Compared to men who do not have any of these five risk variants, men who carry any
combination of 1, 2, 3, and 4 or more of these risk genotypes have gradually increased OR for
prostate cancer (Figure 1). The trend test was statistically significant in JHH (P = 3.19 ×
10−7), in the CGEMS-prostate (P = 1.06 × 10−10), and in the combined CAPS, JHH, and
CGEMS-prostate (P = 7.45 × 10−33).
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Because family history was independent from the cumulative risk genotype effect, we included
it as another risk factor and estimated cumulative effect of these six risk factors on prostate
cancer in the CGEMS-prostate population (The JHH population was not included because of
incomplete data on family history). Similar to the analysis in CAPS [1], we found a stronger
cumulative effect in the CGEMS-prostate study population (Table 3). The estimated ORs for
groups of any combination of 1, 2, 3, 4, and 5 or more were similar to that of CAPS. The trend
test was statistically significant in the CGEMS-prostate (P = 4.75 × 10−14), and in the combined
CAPS and CGEMS-prostate (P = 1.94 × 10−39). The large sample size of the combined analysis
provided more stable estimates of OR for prostate cancer. Compared to men who do not have
any of these six risk factors, men who carry any combination of 1, 2, 3, 4, and 5 or more of
these risk factors have estimated OR (95% CI) of 1.64 (1.34-2.00), 2.07 (1.70-2.51), 2.82
(2.28-3.50), 4.61 (3.40-6.25), and 11.26 (4.74-24.75) for prostate cancer, respectively (Figure
2).

In the case-only analysis, no statistically significant association was found between the five
risk variants and Gleason score, age at diagnosis, presence of family history (CGEMS-prostate
only), or aggressiveness of prostate cancer, as defined in the study of Duggan and colleagues
[12] (data not shown). This was not surprising, considering the original studies which identified
these risk variants were focused on overall prostate cancer risk, and not on clinical subsets of
this disease.

Results from this study independently confirmed the finding of cumulative effect of the five
risk variants and family history on prostate cancer risk reported by Zheng and colleagues [1].
Previously, Yeager et al [5] and Zheng [7] had shown that two independent variants at 8q24
had an additive effect on prostate cancer risk. We now demonstrate that increasing the number
of independently associated SNPs increases the observed risk. Thus, it is likely that additional
risk-associated SNPs may further improve risk assessment. It is also important to note that the
large sample size of the present study provides more stable OR estimates for prostate cancer.
Such information may prove useful in predicting individual risk of prostate cancer and
identifying men who may benefit from more frequent screening. Additional studies in various
races/ethnicities, and preferably prospective studies are urgently needed.
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Figure 1.
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Figure 2.
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