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Positive family history of prostate cancer (PCa) has been consistently associated with
increased PCa risk [1]. It is widely used in clinical practice and is a strong indication,
together with elevated prostate-specific antigen (PSA) levels, for prostate biopsy. An
advantage of family history is that the information can be obtained without a laboratory test.
However, rather than providing a direct measurement of the patient’s inherited risk, family
history captures PCa information of the patient’s relatives. Consequently, family history is
influenced by family size, age and survival status of male relatives, recall ability, family
communication, and prevalence of the disease in populations. Several scenarios highlight
these limitations: (1) Brothers are estimated to have exactly the same inherited risk for PCa
based on family history, but in fact they share only 50% of their genetic makeup on average;
(2) family history may change from negative to positive; and (3) in populations with low
prevalence of PCa, such as among Asians, positive family history is rare and thus is not
informative.

Genetic score is another recently proposed measurement of inherited risk for PCa. It is
calculated based on genotypes of multiple PCa risk-associated genetic markers, weighted by
their relative risk (RR) to PCa. A genetic score of 1.0 indicates an average risk in the general
population. Genetic score is now feasible because approximately 40 PCa risk-associated
single nucleotide polymorphisms (SNPs) have been identified from rigorously designed
genomewide association studies [2]. Risk alleles of these SNPs are common in the white
population, and although they confer modest risk to PCa individually, they have a stronger
cumulative effect on PCa [3,4]. Importantly, all published studies to date demonstrate that
genetic score based on combinations of these SNPs is informative in measuring individual
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risk and can serve as an independent predictor of PCa [5,6]. Genetic score requires a
laboratory test; however, this is a trivial task with high-throughput and low-cost genotyping
technology. For example, a panel of 33 PCa risk-associated SNPs can be assayed in 1 d from
a blood or saliva sample at a cost similar to a PSA test [6].

The goal of this study was to compare, head-to-head, these two measurements of inherited
risk for PCa in several study populations with different study designs (clinical trials,
observational prospective cohort, and case-control) and diverse geographic regions (North
America, Western Europe, Eastern Europe, and Sweden). In all study populations, family
history of PCa in first- and second-degree relatives was obtained by questionnaire, and
genetic score was calculated from 33 PCa risk-associated SNPs, as detailed elsewhere [6].

We found that the proportion of men with a positive family history of PCa differed
considerably among study populations, whereas mean genetic score was similar (Fig. 1a).
For example, among three geographic regions from the single clinical trial, Reduction by
Dutasteride of Prostate Cancer Events (REDUCE), the proportion of positive family history
was significantly different: 4.2%, 10.9%, and 22.8% in Eastern Europe, Western Europe,
and North America, respectively (0 < 0.001). These large differences were found even
though the same protocol was used to obtain family history information. Furthermore, even
for the two study populations from the same country (Sweden), the percentage of men with a
positive family history differed substantially: 25.8% in a prospective cohort of patients that
underwent prostate biopsy (Stockholm-1) and 15.5% in a case-control study (Cancer of the
Prostate in Sweden [CAPS]) (0 < 0.001). In contrast, the mean genetic score was similar
among different geographic regions within the REDUCE study (0.95-0.97, p=0.88) and
between the two different studies in Sweden (1.06-1.10, p= 0.02). Considering that genetic
susceptibility to PCa is likely to be similar among these white populations, the volatile
estimates of inherited risk obtained from family history expose the weakness of this
measurement. In contrast, genetic score is a more reliable measurement of inherited PCa
risk.

The effects of family history and genetic score on PCa risk are presented in Figure 1b. The
RR of family history for PCa differed considerably among geographic regions within the
REDUCE trial: 1.20, 1.53, and 1.91 in North America, Eastern Europe, and Western Europe,
respectively. Similarly, the RR of family history for PCa differed significantly between the
two studies in Sweden: RR was 1.60 in the prospective Stockholm-1 study and 2.24 in the
case-control CAPS study. The differences in RR estimates among these five study
populations were statistically significant (o= 0.01). In contrast, the RR estimates of genetic
score for PCa were similar among these five study populations, from 1.69 to 2.04 (p = 0.16).
These results suggest that genetic score has better precision for measuring the effect of
inherited risk on PCa risk than family history.

The performance of family history and/or genetic score in discriminating PCa status in five
study populations is shown in Table 1. The area under the receiver operating characteristic
curve (AUC) of genetic score for predicting positive PCa biopsy was significantly higher
(0.58-0.62) than family history (0.51-0.55) in each study population (p < 0.05).
Furthermore, in each of the five study populations, the AUC of combined genetic score and
family history was considerably higher than that of family history alone but was similar to
that of genetic score alone. These results demonstrate that genetic score has a better
predictive performance for biopsy outcome (PCa) than family history, and family history
alone is not sufficient to capture inherited risk for PCa.

It is possible that volatile estimates of positive family history and its effect on PCa risk
observed in this study may be due to heterogeneous ascertainment of family history among
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different studies; this highlights the limitation of family history measurement. Collection of
family history in real-world clinical settings is likely even more heterogeneous.

It is expected that additional PCa risk-associated SNPs may be identified in the future, and
these SNPs can be incorporated into genetic score to further improve its predictive
performance for PCa. However, due to the polygenic inheritance of PCa and the likelihood
that common PCa risk-associated SNPs with the strongest effect have already been
identified, the potential for improvement over the current set of SNPs is expected to be small
[7]. In contrast, rare and high-penetrance PCa risk-associated mutations may significantly
improve the predictive performance of PCa in small subsets of men, as demonstrated for the
newly identified G84E mutation of the homeobox B13 (HOXB13) gene [8].

In conclusion, if family history is accepted and used by urologists and primary care
physicians to assess an individual’s risk for PCa, we believe that genetic score should be
added to family history to improve assessment of inherited risk for PCa.
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(a) The distribution of family history and genetic score in five study populations: (left panel)
the proportion of men with one family member or more affected with prostate cancer (PCa);
(right panel) the mean genetic score. A chi-square test was used to test different proportions
of positive family history between study populations and an analysis of variance was used to
compare log-transformed mean genetic scores among different study populations. (b) The

association of PCa risk with family history of PCa or genetic score in five study populations.

The odds ratio (OR) was calculated from logistic regressions. Differences in OR among

study populations were tested using an interaction term (family history by study populations
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or genetic score by study populations) in the logistic regression model. ClI = confidence
interval.
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