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Abstract
Background—A recent report suggests that the combination of five single-nucleotide
polymorphisms (SNPs) at 8q24, 17q12, 17q24.3 and a family history of the disease may predict
risk of prostate cancer. The present study tests the performance of these factors in prediction
models for prostate cancer risk and prostate cancer-specific mortality.

Methods—SNPs were genotyped in population-based samples from Caucasians in King County,
Washington. Incident cases (n=1308), aged 35–74, were compared to age-matched controls
(n=1266) using logistic regression to estimate odds ratios (OR) associated with genotypes and
family history. Cox proportional hazards models estimated hazard ratios for prostate cancer-
specific mortality according to genotypes.

Results—The combination of SNP genotypes and family history was significantly associated
with prostate cancer risk (ptrend=1.5 × 10−20). Men with ≥ five risk factors had an OR of 4.9 (95%
CI 1.6 to 18.5) compared to men with none. However, this combination of factors did not improve
the ROC curve after accounting for known risk predictors (i.e., age, serum PSA, family history).
Neither the individual nor combined risk factors was associated with prostate cancer-specific
mortality.

Conclusion—Genotypes for five SNPs plus family history are associated with a significant
elevation in risk for prostate cancer and may explain up to 45% of prostate cancer in our
population. However, they do not improve prediction models for assessing who is at risk of getting
or dying from the disease, once known risk or prognostic factors are taken into account. Thus, this
SNP panel may have limited clinical utility.
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Introduction
Prostate cancer is a common disease in the U.S., with an estimated probability of being
diagnosed of 2.5%, 7% and 13% for men ages 40–59 years, 60–69 years and 70 years and
older, respectively (1). Established risk factors for prostate cancer include increasing age,
African ancestry, and a first-degree family history of prostate cancer. Family history can
help identify men with a genetic predisposition to prostate cancer, but recent technological
advances have allowed investigators to interrogate thousands of single nucleotide
polymorphisms (SNPs) across the genome to search for specific genetic markers associated
with risk of developing this complex disease.

Several recent linkage and genome-wide association scans have identified polymorphisms
that influence risk of prostate cancer (2–7) and many of the recent findings from large
association studies have been replicated in different populations. Even though the risk
estimates for individual SNPs have been modest (5,8–13), this has led to interest in the
possibility of developing a genetic test to predict risk. However, for a risk factor (e.g.,
biomarker) to function adequately as an effective screening test, it must be strongly
associated with disease (14,15). For example, Pepe and colleagues demonstrated that for a
binary marker to attain a test sensitivity of 80% (true positives) and a specificity of 90%
(10% false positives), an OR of about at least 36 is required for the marker-disease
association (15). None of the individual SNP associations reported to date has approached
this magnitude of risk.

In an effort to overcome this limitation, a recent study from Sweden (16) examined a
combination of five independent SNPs that map to 8q24, 17q12, and 17q24.3 (rs16901979,
rs6983267, rs1447295, rs4430796, and rs1859962) plus family history in relation to risk of
prostate cancer. Individually, the risk estimates for each SNP ranged from 1.2 to 1.5 in a
multivariate model with all five SNPs. However, men who carried four or more of the high-
risk genotypes (5.4% of cases, 2.2% of controls) had a risk estimate of 4.47 (95% CI 2.93 to
6.80), which increased to 9.46 (95% CI 3.62 to 24.72) in men with all five high-risk
genotypes or four high-risk genotypes plus a positive family history (1.4% of cases, 0.3% of
controls) relative to men with none of the high-risk genotypes and no family history. Initial
confirmation of these results has been reported (17), with an 11-fold increase in the relative
risk of prostate cancer for men with at least five of the six risk indicators (i.e., five SNP
genotypes and family history). In the Swedish study (16), there was no evidence that any of
the SNP genotypes was associated with features of more clinically aggressive prostate
cancer such as tumor stage, Gleason score, PSA level at diagnosis; there was also no
relationship with age at diagnosis or family history status. Nonetheless, based on the above
results, cancer risk tests have been developed as tools to assess an individual’s genetic risk
of developing prostate cancer (e.g., the Focus5™ Prostate Cancer Risk Test
www.proactivegenomics.com and the ProCa™ test, www.decodediagnostics.com).

The present study was designed to evaluate whether the findings of Zheng et al. (16) could
be replicated in a population-based sample of American Caucasian men and to evaluate how
the combination of SNP genotypes and family history function in prediction models for
prostate cancer risk and for prostate cancer-specific mortality.

Subjects and Methods
Study Population

The study population consists of participants from two population-based case-control studies
in residents of King County, Washington (Study I and Study II), which have been described
previously (18,19). Incident Caucasian and African American cases with histologically
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confirmed prostate cancer were ascertained from the Seattle-Puget Sound SEER cancer
registry. In Study I, cases were diagnosed between January 1, 1993, and December 31, 1996
and were 40–64 years of age at diagnosis. In Study II, cases were diagnosed between
January 1, 2002, and December 31, 2005 and were 35–74 years of age at diagnosis. Of the
2244 eligible prostate cancer patients identified, 1754 (78.2%) were interviewed. The main
reasons for non-response were patient refusal (13.9%), physician refusal to allow patient
contact (2.1%), patients were too ill to participate (0.9%), or died before interview (1.4%).
DNA for genotyping was prepared from blood samples collected from 1457 (83%)
interviewed cases using standard protocols (20).

Controls were male residents of King County, Washington without a self-reported history of
prostate cancer. They were identified using one-step random digit telephone dialing (21) and
frequency matched to cases by five-year age groups. Controls were recruited evenly
throughout both ascertainment periods for case patients. Complete household census
information was obtained for 94% and 81% of the residential telephone numbers contacted
for Study I and Study II, respectively. Of the 2448 men identified who met the eligibility
criteria, 1645 (67.2%) completed a study interview. The main reasons for non-participation
included refusal (29.1%) or too ill to participate (1.4%). Blood samples were collected and
DNA prepared from 1351 (82%) interviewed controls.

Subjects in both studies completed in-person interviews conducted by trained male
interviewers using a standardized questionnaire. Questions pertained to the time prior to
reference date, i.e., the date of prostate cancer diagnosis for cases and for controls, a pre-
assigned random date that approximated the distribution of cases’ diagnosis dates. The
questionnaire collected information on social and demographic factors, family structure,
cancer history and medical history. Clinical information on cases, including Gleason score,
stage of disease, serum PSA level at diagnosis, and primary treatment was obtained from the
cancer registry. For this analysis, only Caucasian cases (n=1308) and controls (n=1266)
were included.

Cases from both studies are under long-term surveillance with ascertainment of vital status
and underlying cause of death (prostate cancer or other causes). The patient file is linked to
the SEER cancer registry and for each deceased case patient a death certificate is requested
from the state where the patient died, to confirm the underlying cause of death. The date of
last follow-up for vital status for this analysis was November 1, 2007, with an average
length of follow-up of 7.6 years (11.9 years for Study I and 4.0 years for Study II). All study
procedures were approved by the Fred Hutchinson Cancer Research Center and NHGRI
institutional review boards and written informed consent was obtained from all study
subjects before participation.

Genotyping
SNPs were genotyped using the Applied Biosystems (ABI) SNPlex™ Genotyping System.
Identification of the specific SNP allele was carried out with the ABI 3730xl DNA Analyzer
with GeneMapper® software used for allele assignment (www.appliedbiosystems.com).
Quality control included genotyping of 140 blind duplicate samples distributed across all
genotyping batches, with 100% agreement between duplicates for the five SNPs. Each batch
of DNA aliquots genotyped incorporated similar numbers of case patient and control
samples and laboratory personnel were blinded to the case-control status of samples.

Statistical Analyses
Departure from Hardy-Weinberg equilibrium for the five SNPs in Caucasian controls was
assessed using Fisher’s exact test. Pairwise linkage disequilibrium (LD) between SNPs was
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also estimated based on r2 statistics calculated in controls. The association between prostate
cancer risk and either individual or cumulative SNP genotypes was estimated by odds ratios
(OR) and 95% confidence intervals (95% CI) from unconditional logistic regression models
(22). For each SNP genotype, models adjusted for age were used to test dominant, recessive,
and additive (zero, one, or two copies of the associated allele) genetic models. The best-
fitting genetic model for each SNP was selected based on the model with the greatest
likelihood. The cumulative effect of SNP genotypes across the five SNPs on prostate cancer
risk was tested by counting the number of high-risk genotypes in each subject. A similar
analysis counted a positive family history of prostate cancer in first-degree relatives as one
of the cumulative risk factors. Odds ratios for both analyses compared men with any of the
prostate cancer associated risk factors to men with none. Confounding was evaluated by
considering whether inclusion of other covariates changed the risk estimates by ≥ 10%. P-
values were derived from likelihood ratio-based test statistics obtained by comparison of
nested models. Statistically significant associations were those with a two-sided p-value
<0.05. Linear patterns in ORs were evaluated by a two-sided Cochran-Armitage test for
trend. Goodness-of-fit was evaluated with the Hosmer-Lemeshow test. The existence of
gene-gene and gene-environment interaction was evaluated using the likelihood ratio test
comparing the full model with main effects and an interaction term for the covariates of
interest to the reduced model without the interaction term. Statistical calculations were
performed using SAS (v9.1.3) and R (v2.6.0).

Population attributable risk percent (PAR%), the proportion of disease in the population that
can be attributed to one or more exposures, was calculated for each SNP based on the OR
obtained from multivariate models adjusted for the other SNPs, first-degree family history of
prostate cancer and five-year age groups (23). The joint PAR% for all five SNPs and for the
SNPs plus family history was calculated from the individual PAR%s for comparison with
results from Zheng et al. (16) Corrected PAR%s take into account the inflation resulting
from use of the ORs to estimate the relative risk for a disease that is not rare in the
population. Corrected individual PAR% were calculated by solving a quadratic equation in
which the absolute risk is a function of the observed OR(s), exposure prevalence in
population controls, and background disease prevalence (estimated from the SEER 9
limited-duration prevalence database) (24) and corrected joint PAR%s were then calculated
from the individual corrected PAR%s.

Cox proportional hazards models were used to estimate hazard ratios (HR) and 95%
confidence intervals for prostate cancer-specific mortality (25). Cox models were adjusted
for age, Gleason score (2–4, 5–6, 7=3+4, 7=4+3, 8–10), serum PSA at diagnosis, stage
(local, regional, distant), and primary treatment (radical prostatectomy, radiation, androgen
deprivation therapy, other treatments and active surveillance). The proportional hazards
assumption was assessed by testing the significance of time-dependent covariates created
from the interaction of the predictor and survival time, with any statistically significant
results indicating that the predictors were not proportional and the models not valid. The
interaction terms were used only to test that the hazard function was constant over survival
time and were not included in the models presented.

For predicting prostate cancer risk, logistic regression models were fit using the clinical
characteristics (age, serum PSA, and family history) with and without the five SNPs. This
analysis was restricted to cases (n=475) and controls (n=364) from Study I with complete
information for age, serum PSA (at diagnosis for cases and at interview for controls), family
history of prostate cancer, and genotypes for the five SNPs. Empirical receiver operating
characteristic (ROC) curves for ten-year prostate cancer-specific mortality were drawn using
risk scores from the Cox proportional hazards regression for the two models containing
clinical characteristics (age, stage, Gleason score, PSA at diagnosis, family history and
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primary treatment) with and without the five SNPs. The resulting ROC curves compare the
ability of models with and without the five SNPs to accurately classify cases vs. controls for
the risk model and among cases for ten-year prostate cancer-specific mortality.
Improvement in diagnostic accuracy due to the addition of the five SNPs was summarized
by the difference in the area under the curve (AUC). Confidence intervals for the difference
in AUC were calculated using the nonparametric bootstrap.

Results
The mean age of cases was similar to that of controls, 59.9 and 59.6 years, respectively. In
comparison with controls, a higher proportion of cases had a first-degree family history of
prostate cancer and reported having a PSA test within the five-year period before reference
date (Table I). The majority of cases had serum PSA values of 4.0–9.9 ng/mL at diagnosis,
localized stage disease and Gleason scores of 5 or 6; most were treated with radical
prostatectomy.

The SNPs evaluated were the five previously reported by Zheng et al. (16), except for
rs16901979. Instead, we genotyped rs6983561, which is perfectly correlated with SNP
rs16901979 (r2=1, based on HapMap CEPH individuals) and captures identical information.
All SNP frequencies observed in controls were consistent with Hardy-Weinberg
equilibrium.

Table II presents risk estimates for each SNP adjusted for the other SNPs and for first-
degree family history of prostate cancer. As shown, a first-degree family history of prostate
cancer confers a greater risk than any of the individual SNP genotypes (OR=2.32, 95% CI
1.85 to 2.92) even after controlling for all five SNPs. Risk estimates are presented separately
for cases and controls from Study I with complete information for age, serum PSA, family
history and the five SNPs. Results from this latter analysis were used to generate the ROC
curves in Figure 1. The genetic model presented for each SNP (dominant, recessive or
additive) follows the identical scheme as Zheng et al. (16) to allow for direct comparisons,
although slightly different results were obtained in the present study. In the Swedish study,
the best-fitting genetic model was selected from the statistical model with the highest
likelihood. Results were identical in the present study, with the exception of SNP
rs1859962, for which the dominant genetic model, as opposed to the recessive genetic model
of Zheng et al. (16), provided the best fit (pdominant=2.70= × 10−4 vs. precessive=1.9 × 10−2).
Stratifying the SNP analyses by a first-degree family history of prostate cancer revealed no
evidence for effect modification. There was also no evidence of gene-gene interaction
between the SNPs.

The uncorrected PAR% estimates (Table III) indicate that individual SNPs may account for
5% to 20% of all prostate cancers in the King County population, while the joint PAR% for
all five SNPs plus a family history is 47%. After correcting these estimates for inflation, the
joint PAR% drops to 45.4% assuming a 3% background prevalence of prostate cancer in the
population and to 45.0% for a 5% background prevalence (24).

The five SNPs have a cumulative effect when modeled together, with men who carry at least
one of the at-risk alleles having a significantly increased risk of prostate cancer
(ORany=1.89, 95% CI 1.42 to 2.52). Table IV shows that there is a linear increase in risk of
disease with increasing number of at-risk alleles compared to men who have none of the at-
risk alleles (ptrend = 1.2 × 10−12). When family history of prostate cancer is also considered,
the cumulative effect on risk is magnified (ptrend=1.5 × 10−20). Men who carry two or more
risk factors have over a two-fold increase in risk compared to men with none
(ORtwo risk factors=2.25, 95% CI 1.63 to 3.13), and the risk estimates increase with each
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additional factor up to an OR = 4.92 (95% CI 1.6 to 18.5) for men who have a family history
of prostate cancer and carry at least four of the at-risk alleles or for men who carry all five
at-risk alleles.

The ROC curve in Figure 1 provides information about the ability of this group of SNPs to
identify prostate cancer cases relative to controls. The figure compares a model with age at
reference date, serum PSA level (at diagnosis for cases, at interview for controls) and first-
degree family history of prostate cancer to a model with the five SNPs added. This figure
includes a subset of Study I cases (n=475) and a random sample of controls (n=364) with
complete data for age, serum PSA level, family history of prostate cancer and genotypes for
the five SNPs. No significant differences were detected between demographic or clinical
characteristics of cases who were and were not included in this analysis. No significant
differences existed for controls, either, except that those with serum PSA values had a mean
age of 56.0 years compared to those without serum PSA information, whose mean age was
57.0 years. The area under the curve (AUC) is 0.63 and 0.66, respectively (the difference
between the curves is 0.03, 95% CI −0.12 to +0.06). Based on this analysis, the SNP
genotypes do not substantially improve the ability to accurately predict risk of prostate
cancer. In addition, none of the five SNPs was significantly associated with serum PSA
levels in controls (data not shown).

Table V presents the association of SNP genotypes with ten-year prostate cancer-specific
mortality. None of the SNPs was associated with dying from metastatic prostate cancer,
neither in the multivariate model presented, nor in models with single SNPs (data not
shown). Further, there was no cumulative effect of the five SNPs on mortality (data not
shown). The addition of the five SNPs to an ROC curve (Figure 2) constructed with standard
clinical parameters used for predicting prognosis (age at diagnosis, serum PSA at diagnosis,
Gleason score, and tumor stage) did not appreciably increase the AUC for ten-year prostate
cancer-specific mortality. The difference between the model with and without the SNPs is
−0.005 (95% CI −0.01 to +0.02), indicating no improvement in prediction ability based on
knowledge of the SNP genotypes.

Discussion
In a recent report Zheng et al. (16) analyzed five SNPs previously associated with prostate
cancer risk and showed that the cumulative effect of carrying multiple at-risk genotypes plus
a family history of prostate cancer increased risk up to an OR of 9.46 (95% CI 3.6 to 24.7).
They also reported that this combination of risk factors (genotypes at five SNPs and family
history of prostate cancer) could explain 46% of all prostate cancer in the Swedish
population. To determine how these same factors relate to risk in a U.S. Caucasian
population, we genotyped samples from two population-based case-control studies. As in the
Swedish study, the five SNPs were significantly associated with prostate cancer risk in a
multivariate model adjusted for the other SNPs and for first-degree family history of prostate
cancer. The magnitude of risk estimates for individual SNPs and the combination of SNPs
with family history in the multivariate models were also similar to the estimates reported by
Zheng et al. (16) However, the cumulative effect of at-risk genotypes in our population was
lower than that observed in the Swedish population, with U.S. Caucasian men who carry
four or five of the at-risk genotypes having an OR for prostate cancer of 3.4 (95% CI 1.9 to
6.1) as compared to the OR of 4.5 (95% 2.9 to 6.8) reported in the Swedish population. Our
results also differed when first-degree family history of prostate cancer was considered. In
our population, men with five or six of the risk factors (i.e., 5 SNPs and family history) have
a 5-fold increase in risk compared to men with none (95% CI 1.58 to 18.53), compared to
the 9.5-fold increase in risk observed among the Swedish population (16). Interestingly, in
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both studies a family history of prostate cancer conferred an elevated risk that was of greater
magnitude than any of the individual SNP genotypes.

To further evaluate the potential clinical utility of these SNP genotypes for prediction of an
individual’s risk for prostate cancer, we generated ROC curves in a subset of men from
Study I with complete information for age, serum PSA, and first-degree family history of
prostate cancer (Figure 1). The results demonstrate that the addition of these SNP genotypes
contributes minimal information toward the accurate classification of prostate cancer case
patient status once age, PSA level and family history of the disease are taken into account.

The proportion of all prostate cancer cases in the population that can be explained by the
cumulative effect of genotypes at these five SNPs and family history (i.e., the joint PAR%)
was similar between the Swedish population (46.3%) and our U.S. Caucasian population
(46.7%). These PAR% estimates are based on the population prevalence of exposure and the
relative risk, which is estimated by the ORs in both case-control studies. For rare diseases,
the OR provides a good estimate of the relative risk, but prostate cancer is not rare in the
U.S. (1,24) As the prevalence of disease increases in the underlying population, the OR will
be further from the true relative risk (26,27). Thus, the resulting individual SNP PAR%
estimates will be inflated and this will lead to a compounding of the inflation effect when
they are combined to generate a cumulative PAR%. SNPs chosen from genome-wide
association studies for further analysis also tend to have inflated ORs due to their selection
as top candidates, leading to another source of bias in estimating the PAR%s. However, in
our data we did not observe such selection bias in the five SNPs, consistent with the
literature that this bias is negligible when the OR is at least moderate, e.g., OR >1.3 (28).
Based on SEER data, the estimated prevalence of prostate cancer in U.S. men of the same
ages as those in our study population sample was 3.14% (24). Thus, after adjustment for
inflation, our summary PAR% estimate was reduced from 46.7% to 45.4%, assuming a
population prevalence of prostate cancer of 3% (Table III). This suggests that the
combination of genotypes in these five SNPs and family history may explain up to 45% of
prostate cancer cases in our population.

One component of evaluating the potential clinical utility of a screening test is its ability to
improve disease outcomes. Zheng et al. (16) previously showed that the genotypes in five
SNPs do not correlate with stage of disease at diagnosis, Gleason score or PSA level at
diagnosis, which suggests that this SNP panel will not uniquely identify those men at higher
risk for more clinically aggressive phenotypes. To further evaluate this issue, we analyzed
the relationship between these SNP genotypes plus family history and prostate cancer-
specific mortality. In our dataset, none of the SNP genotypes was associated with prostate
cancer-specific mortality. The ROC curves demonstrate no benefit of adding the SNP
genotypes to existing clinical prognostic factors (age, Gleason score, stage, serum PSA level
and primary treatment) for identifying men who will die from prostate cancer (Figure 2).
However, an important limitation of this analysis is the small number of deaths (n=45).

On the basis of the association between these five SNPs and risk of prostate cancer, Zheng et
al. (16) are developing a genetic test, the Focus5™ Prostate Cancer Risk Test. In addition,
the ProCa™ genetic test developed by deCODE genetics includes these same five SNPs in
its panel of eight SNPs. Although the SNP genotypes are associated with an elevated relative
risk of prostate cancer, the magnitude of the risk estimates, even for the combination of
multiple at-risk alleles, suggests that this panel of gene variants may be of limited efficacy
as a genetic screening test. As mentioned previously, the strength of the association between
a risk factor and disease must be extremely strong (14,15) for the factor to perform well as a
screening test. Zheng and colleagues acknowledge that the genetic test they are developing
may only be useful for identifying men at high risk (17), who represent less than 2% of the
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controls in the current study population (see Table IV). It is anticipated that screening and
earlier detection in men at highest risk of prostate cancer will lead to better outcomes, but
randomized trials will be required to determine the efficacy of this genetic test panel in
predicting an individual’s risk of developing prostate cancer or disease outcome. The SNP
genotypes are associated equally with less aggressive and with more aggressive clinical
features of prostate cancer, so a screening test with these SNPs is unlikely to help in the
search for biomarkers of more aggressive prostate cancer phenotypes. Also, there was no
association detected between the SNPs and serum PSA levels at diagnosis, neither by Zheng
et al. (16) nor in the present study. Thus, some men classified as at-risk based on the SNP
panel will not have an elevated PSA level that would prompt a recommendation for prostate
biopsy. This leads to important clinical questions, such as whether a biopsy will be
considered for men who “test positive” based on their combined at-risk SNP profile despite
not having any other indications for biopsy. This may be premature given the lack of
evidence that the SNP panel can identify men at increased risk of developing more
aggressive forms of prostate cancer.

Over the past few years, the number of genetic variants associated with risk of prostate
cancer has increased substantially and there has been rapid replication of initial findings in
diverse populations, such as for the SNPs evaluated in this study. However, although results
from the SNP genotypes evaluated in this study and by Zheng et al. (16) contribute to our
understanding of genetic susceptibility to prostate cancer, these SNP genotypes alone may
be of limited clinical value for predicting risk of developing prostate cancer or of developing
more aggressive prostate cancer. Additional translational studies may ultimately reveal how
these common genetic variants may be used clinically, such as for risk stratification and in
communicating risk-based information to individuals interested in early detection and
prostate cancer prevention. However, finding and validating clinically useful screening tests
for more aggressive forms of prostate cancer, including genetic-based tests of underlying
predisposition remains an elusive goal.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
ROC curves for the effect of five SNPs in the 8q24, 17q12, and 17q243 chromosomal
regions in predicting risk of prostate cancer. Solid line indicates curve fit with clinical
variables only (i.e., age, serum PSA level at diagnosis or interview, first-degree family
history of prostate cancer) and dashed line indicates curve fit with clinical variables plus the
five SNPs.
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Figure 2.
ROC curves for the effect of five SNPs in the 8q24, 17q12, and 17q24.3 chromosomal
regions in predicting ten-year prostate cancer-specific mortality. Solid line indicates curve
fit with clinical variables only (i.e., age at diagnosis, stage, Gleason score, serum PSA level
at diagnosis, first-degree family history of prostate cancer, and primary treatment) and
dashed line indicates curve fit with clinical variables plus the five SNPs.
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Table I

Demographic and clinical characteristics of Caucasian study participants

Characteristic Cases Controls

n=1308 % n=1266 %

Age at reference date, years

 35–49 102 7.8 107 8.5

 50–54 188 14.4 178 14.1

 55–59 325 24.9 343 27.1

 60–64 395 30.2 334 26.4

 65–69 153 11.7 160 12.6

 70–74 145 11.1 144 11.4

1st Degree family history of PC

 No 1025 78.4 1125 88.9

 Yes 283 21.6 141 11.1

PSA at diagnosis or interview (ng/mL)*

 0–3.9 178 13.6 351 27.7

 4.0–9.9 721 55.1 33 2.6

 10.0–19.9 190 14.5 6 0.5

 ≥20.0 118 9.0 0 -

 Missing 101 7.7 876 69.2

Stage

 Local 1,015 78.1

 Region 253 19.5

 Distant 32 2.5

 Missing 8

Gleason score

 2–4 66 5.1

 5–6 681 52.2

 7=3+4 355 27.2

 7=4+3 76 5.8

 8–10 126 9.7

 Missing 4

Primary treatment

 Radical prostatectomy 770 58.9

 Radiation 352 26.9

 Androgen deprivation therapy 60 4.6

 Other treatment 11 0.8

 Active surveillance 115 8.8

*
Serum PSA level measured at diagnosis for cases and at interview for a random sample of controls from Study I.
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