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Abstract
• To explore the potential prognostic role of family history (FH) of prostate cancer and

prostate cancer risk single nucleotide polymorphisms (SNPs) in patients undergoing
active surveillance (AS) for prostate cancer.

• This is the first study to date, which has investigated the potential prognostic role of SNP
profiles in an AS cohort

• FH data were collected from patients in the Royal Marsden Hospital AS study.

• In all, 39 prostate cancer-risk SNPs identified from published genome wide association
studies (GWAS) were genotyped using the Sequenom Platform and TaqMan™ assays
from available DNA.

• The cumulative genetic-risk scores for each patient were then calculated using the
weighted effect estimated from previous GWAS (log-additive model).

• FH status and the genetic-risk scores were assessed against adverse outcomes in AS, time
to treatment and adverse histology on repeat biopsy, using univariable and multivariable
Cox regression models to address time to treatment; and binary logistic regression to
address biopsy upgrade.

• Of 471 patients, 55 (13.6%) had adverse histology on repeat biopsies and 145 (30.8%)
had deferred treatment.
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• On univariate analysis, there was no significant relationship between FH of prostate
cancer in any degree of relation, and adverse histology or time to treatment.

• For risk score analyses, 386 patients’ DNA was studied; and there was also no
relationship found between the calculated genetic risk scores and adverse histology or
time to treatment (P = 0.573 and P = 0.965, respectively).

• The retrospective study design and the few events was the main limitation of the study.

• There is currently insufficient data to support the use of FH status or prostate cancer SNP
profile-risk scores as prognostic factors in AS and these should not be used to influence
management decisions.

• As more genetic variants are discovered this may change and should be reassessed in
multicentre AS cohorts.
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Introduction
Prostate cancer is one of the most heritable cancers and a positive family history (FH) of
prostate cancer increases risk to first-degree relatives by over two-fold [1]. Mutations that
have moderate to high penetrance for prostate cancer, including BRCA2 and HOXB13, have
been implicated in some families, but these rare variants are unlikely to explain the inherited
genetic predisposition to prostate cancer in the vast majority of the population [2, 3]. The
search for further causative genetic variants has led to genome-wide association studies
(GWAS), which have so far identified 47 susceptibility loci associated with prostate cancer
that occur more commonly but are of a lower penetrance. Following on from the discovery
of these variants, efforts are now underway to evaluate their potential clinical application.

Epidemiological studies have reported differences in outcomes amongst races in prostate
cancer [4], which persist despite correcting for socio-economic factors, e.g. access to
healthcare and screening. Retrospective cohort studies have also shown familial aggregation
of fatal prostate cancer cases [5]. These results suggest a potential role of inherited factors as
prognostic markers for worse disease. However, the GWAS susceptibility loci have so far
not been conclusively linked to disease aggressiveness and survival [2]. Their clinical utility
as prognostic markers is therefore still undefined. The ability to predict disease
aggressiveness or response to treatment, using inherited variables including FH and genetic
variants would be invaluable, allowing clinicians to tailor treatment according to risks. A
cohort where this might prove useful is in active surveillance (AS) cohorts where early
identification of disease progression is vital.

AS is an accepted management option for early prostate cancer. Several groups have
reported results from AS programmes, which support its use [6]. For favourable-risk
cancers, AS is seen as a potential option to avoid toxic therapies. The challenge is to identify
disease progression to ensure prompt treatment before local advancement of the cancer or
the development of distant metastases [6]. Men are monitored regularly with PSA testing
and repeat biopsies to look for evidence of progression. However, there exists a certain
subset of men, who have early disease progression and spread, despite their low-risk disease.
Over the years, several advances have been reported that improve our ability to identify men
early who are at risk of disease progression including, MRI scanning techniques and
transperineal prostate biopsy mapping, which improves tumour sampling by reducing the
random and systematic errors of TRUS-guided biopsy [7]. PSA kinetics as prognostic
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markers have also been investigated by different groups with conflicting outcomes [8, 9].
The Transatlantic Consensus Group’s recommendations, were published recently, which
emphasised the need for further studies to define an optimal approach for AS with regard to
determination of disease progression and trigger for active treatment [7]. The roles of
genetic variants or FH as predictors for disease progression in this cohort have not been
clearly defined. If patients with a positive FH or those with specific genetic profiles are at
risk for worse outcomes, these men should potentially be discouraged from AS. Here, we
report a study exploring the potential prognostic roles of FH or genetic-risk scores in
patients managed by AS.

Patients and methods
Patients were selected from a prospective clinical cohort study of AS (National Institute for
Health Research [NIHR] 1592; http://prostate.icr.ac.uk/ActiveSurveillance.htm) that was
initiated at the Royal Marsden Hospital, and were enrolled from April 2002 to May 2011.
The outcomes of patients in this AS cohort have been reported by Selvadurai et al. (paper in
preparation). All patients gave informed consent and had histologically confirmed prostate
cancer, stage T1/2a, N0, M0, Gleason score 3+3, PSA level of < 15 ng/mL with cancer
present in <50% of the total number of biopsy cores. Gleason 3+4 was only allowed if
patients were aged > 65 years. All biopsies were reviewed centrally. Patients were aged
between 50 and 80 years and fit for radical treatment but chose AS as their initial
management.

All patients underwent an AS programme consisting of 3-monthly serum PSA level testing
in the first year, 4-monthly in the second year, and 6-monthly thereafter. TRUS-guided
octant prostate biopsies were taken after 18–24 months on AS, and every 2 years thereafter.
Patients who have adverse features on the AS protocol, i.e. PSA velocity of > 1 ng/mL/year,
based on a minimum of four values taken over 6 months, or adverse histology were
recommended for radical treatment. Adverse histology was defined as >50% of cores
involved, or any increase in primary Gleason score, or an increase in composite Gleason
score of ≥8, on any repeat biopsy after consent. An exception is made for baseline Gleason
scores of <3+3, which are considered as equivalent to a baseline score of 3+3 (Selvadurai et
al., paper in preparation).

FH data acquisition
For the FH analyses, all those enrolled in the Royal Marsden Hospital AS study were
eligible. FH was obtained using detailed questionnaires. For those with missing or
incomplete data, hospital records were used. Patients were then classified into three
prognostic groups to further stratify their inherited genetic risk:

1. One or more first-degree relatives with prostate cancer (with or without any
number of second-degree relatives with prostate cancer);

2. One or more second-degree relative(s) but no first-degree relatives with prostate
cancer;

3. No first- or second-degree relative with prostate cancer;

Genotyping methods
For the DNA analyses, in addition to the criteria described above, patients also had to be
enrolled in the United Kingdom Genetic Prostate Cancer Study (UKGPCS; NIHR869;
www.icr.ac.uk/ukgpcs), which is an on-going prospective cohort study investigating genes
predisposing to prostate cancer. This ensures the identification of only patients for whom
consent has been given for DNA analyses.
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Single nucleotide polymorphism (SNP) genotyping was done using the Sequenom
MassARRAY iPLEX Platform, which is a high throughput genotyping technique using a
standard widely-published protocol [10]. At the time of genotyping (May 2011), 39 SNPs
were identified from GWAS publications (Table 1) [14, 23–34], which were fitted into two
plexes for analyses. A single SNP (rs5945619) could not fit into either plex and this was
genotyped using the TaqMan™ assay technique [11]. Standard quality control was employed
using internal negative controls, which were 2% per 384-well plate, and 2% duplicates were
genotyped as external controls with a requirement for at least a 98% concordance of called
genotypes. The cumulative risk scores for each patient were then calculated by summing
risk alleles for each loci using the weighted effect, as estimated in the previous published
GWAS studies. This is the log-additive model, which has been previously reported and used
[12]. The risk scores were analysed as a continuous variable. In addition the risk scores were
used to generate a risk distribution curve and the outcomes of the highest and lowest
extremes of the curve compared to evaluate for worse outcomes.

Statistical methods
FH status and the SNP-risk scores were analysed against defined adverse outcomes in AS,
including adverse histology on repeat biopsy and time to treatment, to determine their
prognostic value.

For adverse histology, the analyses were performed using adverse histology as a binary
outcome, i.e. yes/no, and also as a continuous variable, using the time to adverse histology.
When predicting for adverse histology on repeat biopsy, only patients with at least one
repeat biopsy were included.

Time to treatment was described in the population using the Kaplan–Meier method. Time
was measured from the date of consent into the AS study, to the first treatment date.
Possible modes of treatment included: external beam radiotherapy, brachytherapy,
prostatectomy, and androgen-deprivation therapy. Patients were censored at the date of last
follow-up/death. Patients who died without treatment were censored at date of death.
Patients who withdrew from the trial before treatment (e.g. in favour of watchful waiting)
were censored at date of withdrawal.

FH status and the SNP-risk scores were analysed separately (univariate analysis) using
either Cox regression (time to adverse histology, time to treatment), or binary logistic
regression (adverse histology). If either variable was significant in univariate analysis,
further evaluation in a multivariate model using stepwise model selection techniques for
potential confounding factors was used.

Results
In all, 471 men were enrolled in the AS trial and were eligible for analyses. The baseline
characteristics are listed in Table 2. In all, 416 were of Caucasian ethnicity (88.3%), 24
Black-Caribbean (5.1%), 10 Asian Indian (2.1%), eight Black-African (1.7%), eight Asian
Other (1.7%) and five Unknown (1.1%). The median (range) follow-up was 5.6 (0.3–9.1)
years. In all, 412 men underwent repeat biopsy, of whom 56 (13.6%) had histological
upgrade on repeat biopsies. Overall, 145 (30.8%) men from the total cohort have undergone
deferred treatment.

In the FH analyses, 423 patients had FH recorded. When analysing FH against adverse
histology, the results were not significant (P = 0.154; Table 3). For time to adverse
histology, the analysis also did not show any significant association with a first-degree
relative with prostate cancer (hazard ratio [HR] 0.3, 95% CI 0.1–1.4) or with a second-
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degree relative with prostate cancer (HR 1.3, 95% CI0.4–4.2). When analysed against time
to treatment, there was again no significant association with a FH of a first-degree relative
with prostate cancer (HR 1.1, 95% CI 0.7–1.9) or a second-degree relative (HR 0.8, 95% CI
0.3–2.1; Table 4.)

For the genetic prostate cancer-risk score analyses, 386 patients were eligible. The mean
(range) calculated risk score was 1.400 (0.192–5.393). The risk score distribution is shown
in Figure 1. On univariate analysis, there was no significant association between the
calculated genetic-risk scores and adverse histology (P = 0.573), time to adverse histology
(HR 0.921, 95% CI 0.748–1.134) or time to treatment (HR 0.965, 95% CI 0.798–1.168).
When analysing differences between the higher and lower genetic-risk groups (defined as
the top 25% and lowest 25% of the genetic risk distribution), there was again no relationship
between time to adverse histology and time to treatment using chi-squared testing (P = 0.767
and P = 0.481, respectively). Figure 2 shows the overlapping risk scores’ distributions
between those who did or did not have adverse histology (2a), and those who did or did not
receive treatment (2b), highlighting the statistically non-significant findings, as no
separation of the curves was seen. We were not able to evaluate the risk distribution in
smaller percentiles due to the low numbers encountered. Multivariate analyses were not
carried out in view of the non-significant findings.

Subgroup analyses were also conducted using risk scores generated from loci thought to be
associated with aggressiveness, which were SNPs in 8q24 region [13] and the androgen
receptor SNP (X-chromosome SNP rs5919432) [14]. These also showed no significant
correlation for all the adverse outcome endpoints.

As GWAS risk SNPs have been shown to be associated with PSA level [15], further
analyses on the effect of SNP-risk scores on PSA kinetics were also performed. Both PSA
velocity and PSA-doubling time at 2 years were analysed for this cohort, but again, there
were no significant correlations found with the risk scores.

Discussion
To our knowledge, this is the first study to date, which has investigated the potential
prognostic role of SNP profiles in an AS cohort. It is the larger of just two known studies
that have reported on the impact of FH as an independent prognosticator in AS. The present
results were consistent with the study reported by San Francisco et al. [16]. Despite having
more patients, we also found no significant association between FH and adverse outcomes in
AS. We also further stratified our cohort according to the degree of relation, to reflect the
associated higher genetic risks encountered with closer relatives [1]. However, this did not
alter the non-significant association observed.

For the risk SNP analyses, there was no significant association with outcome. McGuire et al.
[17] recently reported that some of the risk SNPs were more significantly prevalent in
patients with unfavourable post-prostatectomy pathology compared with the baseline
biopsy, and could potentially be used to screen AS patients to identify and exclude these
men from this management strategy. This finding was not replicated in the present study.
The disparity of the results could be due to the differences in the cohorts used. Their study
was a retrospective evaluation of patients with prostate cancer in a prostatectomy cohort,
who, based on their baseline pathology, was suitable for AS. The present study used a
prospective cohort actually undergoing AS and only 44 of our cohort had radical surgery.
Adverse histology was assessed from biopsies and is subject to potential sampling error,
which might reduce our ability to detect a true association. To avoid this potential bias,
analyses could be done by restricting the analyses of adverse histology events to only
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patients who have undergone radical prostatectomy. This method would allow a thorough
assessment of their pathology. The few patients in the present cohort did not allow for
meaningful analyses using surgical pathology outcomes. However, the present study concurs
with previous reports of a lack of predictive use of the GWAS risk SNPs [2]. There is
emerging evidence that some rarer genetic variants are associated with more aggressive
disease outcome [18]. As further genetic variants are found that are associated with risk this
may alter. Further validation is therefore still needed.

There could be several reasons for the lack of associations found. Firstly, we have a small
sample size with a relatively short follow-up for a low-risk prostate cancer cohort. As such,
the number of events was low decreasing the power of the present study. Potential solutions
include re-analysis after a longer follow-up period to increase the number of events.
However, it is likely that combined analyses with other research groups with similar AS
cohorts will be needed to increase patient numbers and hence increase the power. An
example of the power that can be achieved with collaborations is that, assuming that a
genetic risk profile of SNPs is associated with a similar risk of adverse outcomes to that for
prostate cancer risk, ≈1000 patients will provide >90% power to detect a difference in risk
scores between cases who do or do not experience adverse outcomes in AS at P < 0.01. It is
clear from published AS reports that single centres are unlikely to have sufficient numbers
with enough follow-up data available to perform these analyses [6]. Collaborations are
therefore needed and these could be done within the Clinical ELLIPSE (Elucidating Loci
Involved In Prostate Cancer Susceptibility) Consortium, which is an National Institute of
Health (NIH) funded post-GWAS initiative investigating the clinical application of the
prostate cancer risk SNPs [19].

Secondly, the impact of environmental or lifestyle factors could play an important role.
Cancer survivors have been shown to seek better diet, medication and lifestyle changes (e.g.
physical activity, and statins intake) after a cancer diagnosis [20]. Their protective effects
have been described [2]. The present analyses did not consider these factors, which could
potentially be significant in an AS cohort, where they live with the impact of a cancer
diagnosis for many years. These variables are not routinely collected, but it should be done
to evaluate their impact in this setting.

Thirdly, we have still yet to discover the full extent of the genetic inheritability of prostate
cancer, which has implications on the calculation of the risk scores. We included 39 SNPs
that were known at the time of genotyping. GWAS continue to report novel SNPs with new
studies due to be published, e.g. the Collaborative Oncological Gene-Environment Study
(COGS) analysis [21]. These undiscovered genes might yet reveal potential links. Re-
calculating the risk scores using more up to date SNP panels associated with prostate cancer
risk might improve their predictive ability. The risk score calculation in the present study
also resulted in a positively skewed distribution with a mean score close to one, i.e. close to
the population average. The reason for this is unclear and could be a chance finding due to
the small numbers. Alternatively, this could indicate that the risk scores are less predictive
for the present low-risk prostate cancer cohort. A comparison of profiles between this cohort
and a non-prostate cancer (control) cohort should be done to evaluate this further.

Finally, the present risk score analyses did include 11.7% of patients of non-Caucasian
ethnicity. This could potentially reduce the power to detect any differences, as the GWAS
risk SNPs were originally identified in Caucasian populations. However, recent analyses in
the Multi-Ethnic Cohort study have suggested that a large fraction of the prostate cancer
variants identified in populations of European ancestry are global markers of risk [22]. This
would therefore suggest potential application across different populations. Confirmation in
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these cohorts is needed, but our low study numbers did not allow for further meaningful sub-
analyses according to other ethnic groups.

In conclusion, although the present study has not shown FH status or prostate cancer risk
SNP profiles to be prognostic factors, we were limited by the few events. Collaborative
efforts in the form of combined analyses from multiple AS studies should be considered for
future research. Current guidelines exist for clinicians and patients summarising evidence
relating to the best outcomes of different prostate cancer treatment methods. FH and risk
SNPs could potentially add to this stratification. The attraction of selecting the best
treatment method based on FH status or SNP profiles is clear and studies like these are
important to investigate this link further. Meta-analyses will be needed to define if this is
appropriate in the clinical care pathway.
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What’s known on the subject? and What does the study add?

Family history (FH) is a major risk factor for the development of prostate cancer. The
search for genetic variants has led to genome-wide association studies (GWAS), which
have so far reported 47 susceptibility loci that predispose men to prostate cancer.
However, the use of genetics or FH status in predicting clinical outcomes after prostate
cancer diagnosis remains uncertain. Guidelines currently exist for clinicians and patients
summarising evidence relating to the best outcomes of different prostate cancer treatment
methods. Genetics and FH could potentially add to this stratification.

Our study aimed to ascertain the potential prognostic roles of FH or genetic risk scores in
patients managed by active surveillance.
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Figure 1.
Risk score distribution generated from SNP genotyping of the AS cohort.
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Figure 2.
Risk score distributions for patients with or without adverse histology (a) and for patients
who did or did not receive active treatment (b).
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Table 2

Baseline characteristics at diagnosis

Variable Value

Median (range):

 Age, years 66 (51–79)

 PSA level, ng/mL 6.0 (0.2–36)

 Max % cancer in any biopsy core 10 (1–95)

N (%):

 Gleason score:

  ≤3+3 439 (93.2)

  3+4 32 (6.8)

 T stage:

  T1 400 (84.9)

  T2 71 (15.1)

 FH:

  0 first/second-degree relative 350 (82.7)

  ≥1 first-degree relative 54 (12.8)

  ≥1 second-degree relative 19 (4.5)
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Table 3

Impact of FH on biopsy upgrade analysed as a binary outcome.

Relatives with prostate cancer Number with biopsy upgrade (%) Number with no biopsy upgrade (%) Total number

0 first/second-degree relative 45 (14.2) 271 (85.8) 316

≥1 first-degree relative 2 (4.3) 44 (95.7) 46

≥1 second-degree relative (no first degree) 3(17.6) 14 (82.4) 17

P = 0.154 (chi-squared test)
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Table 4

Impact of FH on time to treatment.

Relatives with prostate cancer Total number of patients Number of time to treatment events HR (95% CI)

0 first/second-degree relative 350 106 1

≥1 first-degree relative 54 16 1.1 (0.6–1.9)

≥1 second-degree relative (no first degree) 19 4 0.8 (0.3–2.1)
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