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Abstract

Background—Unnecessary intervention and overtreatment of indolent disease are common
challenges in clinical management of prostate cancer. Improved tools to distinguish lethal from
indolent disease are critical.

Methods—We performed a genome-wide survival analysis of cause-specific death in 24,023
prostate cancer patients (3,513 disease-specific deaths) from the PRACTICAL and BPC3
consortia. Top findings were assessed for replication in a Norwegian cohort (CONOR).

Results—We observed no significant association between genetic variants and prostate cancer
survival.

Conclusions—Common genetic variants with large impact on prostate cancer survival were not
observed in this study.

Impact—Future studies should be designed for identification of rare variants with large effect
sizes or common variants with small effect sizes.

Introduction

Prostate cancer is the second leading cause of cancer death among men in the developed
world. Randomized trials have shown that PSA-based screening can reduce prostate cancer
mortality up to 40%, though at the cost of considerable over-diagnosis and over-treatment of
indolent disease(1). Thus, improved tools to distinguish lethal from indolent disease to guide
clinicians in treatment decisions are critical. Epidemiological studies support the existence
of a genetic component to prostate cancer prognosis(2). The purpose of this study was to
identify Single Nucleotide Polymorphisms (SNPs) associated with prostate cancer specific
survival. We performed a genome-wide search among individuals from two large prostate
cancer genetics consortia (PRACTICAL(3) and BPC3(4) with replication of top findings in
a Norwegian prostate cancer cohort (CONOR)(5).
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Materials and Methods

Study populations and genotyping

In total, 24,023 prostate cancer patients with follow-up on cause specific death from the
PRACTICAL (n =21,241) and BPC3 (n = 2,782) consortia were included in the present
study (Table 1). All men from BPC3 have an aggressive disease, defined by a tumor Gleason
score of eight or above. Participants had either been genotyped on a custom designed SNP
chip (iCOGS) with 211,155 markers or on standard genome-wide arrays (Table 1).
Imputation was performed using a cosmopolitan panel from the 1000 Genomes Project
(March 2012) to increase the genetic coverage. Only SNPs that had an imputation quality
above 0.75 and minor allele frequency (MAF) above 1% were assessed (1.2-9.5 million
SNPs in each separate study, Table 1). Detailed information regarding study populations,
genotyping and imputation is found in (3) and (4).

Statistical analysis

Replication

Results

Within each study, SNPs were assessed for association with disease survival, assuming an
additive genetic effect, in a Cox regression model allowing for left truncation and right
censoring of observational times. Results were combined in fixed-effects meta-analysis. In
the discovery stage, we considered an association to be genome-wide significant if the
overall meta-analysis achieved p < 5E-08 and the test for heterogeneity across studies was
non-significant (p > 0.05). We also adjusted the most associated SNPs for population
structure (principal components), age at diagnosis, diagnostic PSA and Gleason score but we
did not observe any confounding (data not shown).

Genome-wide significant SNPs in the discovery stage were directly genotyped in 1,783
individuals from the UKGPCS1 study (Table 1) using TagMan assays to verify imputation
quality, evaluated as the concordance rate between imputed and genotyped data (percentage
of individuals correctly classified by imputation). Significant SNPs from the discovery stage
with satisfactory imputation qualities were assessed for replication in a Norwegian case-
cohort study (CONOR(5)) comprising 1,496 prostate cancer cases of which 791 died due to
prostate cancer during follow-up. Genotypes were derived through TagMan assays and
analyzed in a proportional hazards model for case-cohort designs(6) with adjustment for age
at diagnosis.

Among the 24,023 prostate cancer patients included in the discovery stage, we observed
3,513 deaths due to prostate cancer (Table 1). No inflation was observed in the combined
meta-analysis (A1ggp = 1.02)(7). Ten SNPs reached genome-wide significance, two common
variants (MAF 7-8%) and eight rare variants (MAF 1-2%, Table 2). Six of these SNPs
failed genotyping in the UKGPCS1 sample (either because of unsuccessful assay design,
failed clustering or monomorphism) while the remaining four SNPs (rs114997855 on
chromosome 2, rs76010824 on chromosome 3, rs140659849 and rs723557 on chromosome
X) had an excellent concordance rate (98-99%) between genotyped and imputed data. These

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2017 November 07.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Szulkin et al. Page 3
four SNPs were put forward for replication in the Norwegian CONOR cohort. None of the
four SNPs showed any evidence of association in the Norwegian cohort (p > 0.05) and
inclusion of these results in the meta-analysis resulted in non-genome-wide significance
levels for each SNP (Table 2).

Discussion

We performed a genome-wide search for SNPs associated with prostate cancer survival by
combining data from the PRACTICAL and BPC3 consortia. Our null finding is in line with
previous smaller studies(8) and implicates that the existence of common genetic variants
with large effect sizes is unlikely. We would however like to stress that our analysis was
based on imputed data and some areas of the genome were not well represented due to a low
number of SNPs with good imputation quality.

Despite a reasonably large replication sample we saw no evidence of association among the
four SNIPs that were initially found to be genome-wide significant (p<5E-08). Two of these
SNPs were rare, in which spurious associations occur more easily. It is however more
surprising that the two common SNPs (MAF=7-8%) were false positives. This underlines
the importance of independent replication in genetic association studies.

From this study, we conclude that the search for SNPs that are associated with prostate
cancer survival should focus on the identification of rare variants with large effect sizes or
common variants with small effect sizes. Large study populations with complete follow-up
information regarding survival are warranted to successfully achieve this task.
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