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Abstract

Objectives: To incorporate single-nucleotide polymorphisms (SNPs) into the Prostate Cancer Prevention Trial Risk Calculator
(PCPTRC).

Study Design and Setting: A multivariate random-effects meta-analysis of likelihood ratios (LRs) for 30 validated SNPs was per-
formed, allowing the incorporation of linkage disequilibrium. LRs for an SNP were defined as the ratio of the probability of observing
the SNP in prostate cancer cases relative to controls and estimated by published allele or genotype frequencies. LRs were multiplied by
the PCPTRC prior odds of prostate cancer to provide updated posterior odds.

Results: In the meta-analysis (prostate cancer cases/controls 5 386,538/985,968), all but two of the SNPs had at least one statistically
significant allele LR (P ! 0.05). The two SNPs with the largest LRs were rs16901979 [LR 5 1.575 for one risk allele, 2.552 for two risk
alleles (homozygous)] and rs1447295 (LR 5 1.307 and 1.887, respectively).

Conclusion: The substantial investment in genome-wide association studies to discover SNPs associated with prostate cancer risk and the
ability to integrate these findings into the PCPTRC allows investigators to validate these observations, to determine the clinical impact, and to
ultimately improve clinical practice in the early detection of the most common cancer in men. � 2015 Elsevier Inc. All rights reserved.

Keywords: Single-nucleotide polymorphism; Prostate cancer; Risk prediction; Likelihood ratio; Genome-wide association study; Meta-analysis

1. Introduction

As clinical practice increasingly focuses on personalized
medicine and the capitalization of data from rapidly ex-
panding data warehouses, so too must commonly used

clinical risk prediction tools evolve. Currently, there are
hundreds of clinical risk prediction tools available online,
with objectives ranging from the prediction of onset of dis-
ease for use in screening to prognosis of outcomes after
treatment. The most commonly used risk prediction tools,
such as the Framingham risk calculator for cardiovascular
events and the Breast Cancer Risk Assessment Tool, sum-
marize previous analyses of very large observational or
clinical trial populations. They serve two audiencesdthe
clinician/patient duo trying to make a medical decision
but also researchers concerned with the evaluation of new
markers of disease. Variables typically included in risk cal-
culators are the established factors routinely collected in
practice: blood serum markers, bio-measures, such as blood
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What is new?

Key findings
� Asimple and intuitive statisticalmethod to update ex-

isting disease risk calculators for single-nucleotide
polymorphisms (SNPs) based on published fre-
quencies, with the option to incorporate external
information on linkage disequilibrium, has been
developed. This method has been applied to incorpo-
rate 30 SNPs that have been validated in multiple ge-
nomewide association studies (GWAS) into the
online Prostate Cancer Prevention Trial Risk Calcu-
lator (PCPTRC).

What this adds to what was known?
� GWAS continue to discover novel SNPs for disease

and validate previously discovered SNPs. Concur-
rently, advances in clinical risk prediction tools
based on the established risk factors continue to
evolve. This study provides the link between the
two fields, by providing a method to incorporate
the latest SNPs into risk calculators.

What is the implication and what should change
now?
� The online PCPTRC now allows optional inclusion

of up to 30 SNPs to facilitate external validation in
other populations. Other established disease risk
calculators could similarly incorporate information
from newly discovered SNPs.

pressure, and demographic or behavioral factors, such as
age and smoking history.

As an example to be used in this article, the Prostate
Cancer Prevention Trial Risk Calculator (PCPTRC) pre-
dicts the likelihood of detecting prostate cancer if a prostate
biopsy was to be performed based on the risk factors,
prostate-specific antigen (PSA), digital rectal examination
(DRE) findings, age, race, family history of prostate cancer,
and prior biopsy history [1]. In addition to assisting clini-
cians and their patients around the world, posting of the
calculator online brought the additional advantage of facil-
itating dozens of external validations across a range of
international populations, thereby rapidly gaining evidence
regarding its appropriateness for these populations [2e13].

Since its establishment, the PCPTRC has been modified to
incorporate newly discovered and FDA-approvedmarkers for
prostate cancer, including the urine marker PCA3, serum
marker percent free PSA, and detailed family history of pros-
tate and breast cancer, through a Bayesian technique for up-
dating a risk tool, called the likelihood ratio (LR) applied to
data from external caseecontrol studies [14e16]. These
external caseecontrol studies comprised a different patient

population from that used to build the PCPTRC. In particular,
the PCPTRC was built on a primarily older and healthy
Caucasian US population undergoing screening for prostate
cancer, whereas the external caseecontrol studies were gath-
ered from symptomatic patients presenting to local medical
providers. These two populations were used to build separate
parts of the updated risk calculator, which was a necessity
because the new markers could not be retrospectively
measured on the original participants of the PCPTRC.
External validation of the updated PCPTRCon completely in-
dependent cohortswhere individual patients had both the orig-
inal PCPTRC risk factors and newmarkers measured was the
proof-of-principle that the potential bias incurred would not
outweigh the increase in predictive accuracy. To expedite
external validation, the updated PCPTRC calculators were
put online, soon thereafter they were validated, often multiple
times [17e19]. Nevertheless, simulation studies are currently
underway to assess the potential extent of bias by this
approach, and methodological studies are being performed
to find methods to ease the bias, such as by weighting obser-
vations in the caseecontrol study according to their similarity
to the patients used to make the base PCPTRC calculator.

Genetic markers, particularly single-nucleotide poly-
morphisms (SNPs), measured through increasingly less
expensive technological platforms, have the potential to in-
crease the practical utility of clinical risk prediction tools.
Multiple genome-wide association studies (GWASs) have
identified the most common SNPs associated with major
diseases, and efforts have begun to assess their added value
if added to existing clinical risk factors. In the common
cancers, the improvement by adding genetic factors has
been modest at best [20e29], but interest remains in
external validation of risk predictions incorporating the
genetic factors and the potential for new markers, including
geneeenvironment interactions to improve disease predic-
tion based on the established risk factors.

Of note is that the largest GWASs have been performed
on exclusively Caucasian populations from around the
world, including Iceland, Australia, Sweden, and the United
States among others, see the Supplementary Appendix at
www.jclinepi.com. Members of other races have been
excluded in attempt to preserve homogeneity of allele fre-
quencies, but there are still many population differences that
make combining into a single meta-analysis challenging.
The populations have undergone different screening and
referral patterns; controls may comprise younger men (the
Prostate Cancer Prevention Trial [PCPT] population was
55 years or older) or even children or women (many of the
GWASs only crudely describe the populations in their
Supplementary Appendix). Commonly, later published
GWASs include the same participants as in a prior publica-
tion. This is often but not always explicitly stated but can be
inferred from careful study of the participant descriptions. It
is important to exclude prior studies so as not to double
count patients; in the Supplementary Appendix at www.
jclinepi.com, such excluded studies are indicated. Examining
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