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Abstract

 Objective—To assess the value of positive family history (FH) as a risk factor for prostate 

cancer (PCa) incidence and grade among men undergoing organized PSA-screening in a 

population-based study.

 Patients and Methods—The study cohort comprised all attendees of the Swiss arm of the 

European Randomized Study of Screening for Prostate Cancer (ERSPC) with systematic PSA-

tests every 4 years. Men reporting first-degree relative(s) diagnosed with PCa were considered to 

have a positive FH. Biopsy was exclusively PSA-triggered with a threshold of 3 ng/ml. Primary 

endpoint was PCa diagnosis. Kaplan-Meier and Cox regression analyses were used.

 Results—Of 4,932 attendees with a median age of 60.9 (IQR 57.6–65.1) years, 334 (6.8%) 

reported a positive FH. Median follow-up duration was 11.6 years (IQR 10.3–13.3). Cumulative 

PCa incidence was 60/334 (18%, positive FH) and 550/4,598 (12%, negative FH) (OR 1.6, 95% 

CI 1.2–2.2, p=0.001), respectively. In both groups, most PCa diagnosed had a low grade. There 

were no significant differences in PSA at diagnosis, biopsy Gleason score or Gleason score on 

pathologic specimen among men who underwent radical prostatectomy between both groups, 

respectively. On multivariable analysis, age (HR 1.04, 95% CI 1.02–1.06), baseline PSA (HR 1.13 

95% CI 1.12–1.14), and FH (HR 1.6, CI 1.24–2.14) were independent predictors for overall PCa 

incidence (p<0.0001 each). Only baseline PSA (HR 1.14, 95% CI 1.12–1.16, p<0.0001) was an 

independent predictor of Gleason score ≥7 PCa on prostate biopsy. The proportion of interval PCa 

diagnosed in between the screening rounds was non-significantly different.
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 Conclusion—Irrespective of the FH status, the current PSA-based screening setting detects 

the majority of aggressive PCa and missed only a minority of interval cancers with a 4-year 

screening algorithm. Our results suggest that men with a positive FH are at increased risk for low 

grade but not aggressive PCa.
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 Introduction

With an annual incidence of 233,000 in the United States [1] and 382,000 in Europe [2] 

prostate cancer (PCa) presents a major health issue. Population-based screening with 

prostate-specific antigen (PSA) has been shown to reduce cancer-specific mortality [3]. 

However, the main drawback of mass screening is the high rate of overdiagnosis of 

approximately 50% [4]. Overdiagnosis implies that the cancer detected by screening would 

have never become harmful during a man`s lifetime. One reason for this is the high 

prevalence of undiagnosed PCa shown in autopsy studies which indicates a partly low-

aggressive biology [5]. Consequently, in population-based screening studies, the majority of 

detected PCa have low risk features [3] most of which harbour a negligible risk to 

metastasize [6]. Ideally, these low-risk PCa should remain undetected which points at the 

need of risk-stratified screening [7].

Current urologic guidelines consider family history (FH) a strong risk factor for PCa [8, 9]. 

Evidence for this comes from a large twin study, showing that a positive FH is an important 

risk factor for future PCa development, particularly in men who have first-degree relatives 

affected from PCa [10]. Several other studies have confirmed FH as a risk factor of PCa [11, 

12]. However, most data on this topic were collected from population registers before or at 

the beginning of the PSA-screening era evaluating clinically diagnosed PCa while 

nowadays, opportunistic PSA-screening is increasing in Western countries [13, 14]. This in 

turn, has led to a shift towards more localized disease and therefore dramatically changed 

the face of PCa in terms of a sharp increment in incidence and stage migration over the past 

decades [15].

There is controversial data on whether FH has an effect on cancer aggressiveness [16]. For 

instance, FH was an independent predictor for biochemical relapse only in the early PSA era 

whereas men diagnosed later on presented with more favourable cancer characteristics [17]. 

Moreover, the relative risk for men with a FH for PCa decreased throughout the pre-PSA era 

suggesting a stage migration [18].

Even more importantly, a PCa diagnosis raises the awareness of the disease in family 

members as well as GPs of the index patients and thereby may expose male relatives to 

increased PSA-testing and subsequent prostate biopsy [19]. In this regard, it is noteworthy 

that FH is incorporated in current available risk calculators [20].
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We hypothesize that due to the increasing screening attitude with detection of particularly 

low-risk disease at an earlier stage, FH might have a reduced effect on aggressive PCa 

incidence.

The particular strength of the current study is a uniform screening protocol for every 

attendee where decision for prostate biopsy was based exclusively upon PSA-values without 

any accounting for FH status, thus eliminating any possible biases towards this particular 

risk factor.

 Materials and Methods

This study was conducted within the European Randomized Study of Screening for Prostate 

Cancer (ERSPC) – Switzerland. The study protocol and the population have been described 

previously [21]. From September 1998 to August 2003, 10,311 Swiss men aged 55–70 years 

were randomized 1:1 to the screening or control group, respectively. Randomization was 

done after informed consent. From a total of 5,129 eligible men randomized to the screening 

arm, 4,932 (96.2%) men underwent baseline PSA-screening and were included for further 

analysis. In accordance with the main protocol of the ERSPC [22] a 6 core transrectal 

ultrasound guided lateralized prostate biopsy (or 8 core if prostate volume was >40cc) was 

performed if the PSA-value was ≥3.0 ng/ml. Biopsy was exclusively PSA-driven as per 

study protocol and not performed upon positive FH. PSA-screening was continued every 

four years until the age of 75. In a side study, men with baseline PSA of 1–3 ng/ml and free-

to-total ratio ≤20% were also offered prostate biopsy at baseline (1998–2003) [23]. We also 

analyzed the rate of cancers emerging clinically between the screening visits. These PCa 

were diagnosed outside the screening protocol either by opportunistic screening, by 

transurethral resection of the prostate (TUR-P) or clinically, when organized PSA-screening 

missed the diagnosis. This type of cancer was termed "interval PCa". PCa risk was stratified 

according to the D’Amico classification [24]. Aggressive PCa was defined as Gleason score 

≥ 7 PCa.

All prostate biopsies were externally reviewed by an experienced uro-pathologist at the 

University Hospital Basel, Switzerland. Through periodic linkage of all men with the cancer 

registries, complete information on cancer incidence was obtained until December 2012. 

Several committees of the ERSPC accounted for the surveillance and quality of the data 

such as Epidemiology Committee, Pathology Committee, PSA Committee, Quality Control 

Committee, Causes of Death Committee with an independent Data Monitoring Committee. 

The Scientific Committee had access to the data and kept overview at any time [22]. The 

study protocol was approved by the local ethical committee.

 Statistics

Comparisons between patient characteristics for men with positive and negative FH were 

made using the Chi square test for proportions and Mann-Whitney U-test for continuous 

variables. Univariable and multivariable Cox regression analysis was used to examine the 

relationship between FH and time to PCa diagnosis during follow-up, with age, FH, 

International Prostate Symptom Score (IPSS) and baseline PSA-value as covariates. Kaplan-

Meier curves were used to estimate the cancer-free survival function.
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The Statistical Package for Social Sciences (SPSS) version 20 (IBM Corporation, NY, USA) 

was used. All tests were two-sided with a significance level set at 0.05.

 Self-reported data

A standardized, non-validated questionnaire including FH on first and second-degree 

relatives affected from PCa including also the (IPSS) amongst other parameters was mailed 

prior to PSA-testing to all attendees. In addition at each screening visit, all attendees 

underwent a structured personal interview by a trained study nurse who verified the reported 

data. Men who reported one or more first-degree relative(s) (father or brother) diagnosed 

with PCa were considered as having a positive FH.

 Results

 Clinical characteristics of 4,932 attendees at baseline

All men gave information about their relatives (response rate 100%). Overall, 334 (6.8%) 

reported a positive FH. Most men had their father affected, n=242 (72.5%) while n=70 

(21%) had brother(s) affected from the disease (table 1). Interestingly, the baseline IPSS 

score was higher in men with a positive FH (median 6 [IQR 3–10] vs. 5 [3–9], p<0.0001) 

(table 2). PSA at baseline was comparable between both groups. PSA-velocity at follow-up 

visit after 4 years was higher in men with positive FH (0.32 ng/ml/year vs 0.19 ng/ml/year, 

p=0.05). This difference disappeared during follow-up visit 8 years from baseline (0.07 

ng/ml/year vs. 0.06 ng/ml/year; p=0.8). When PSA converted to values ≥3ng/ml, biopsy 

compliance was comparable between both groups (77.8% [negative FH] vs. 77.3% [positive 

FH], respectively).

 PCa incidence and cancer characteristics among men with positive vs. negative FH

During a median follow-up duration of 11.6 years (IQR 10.3–13.3), more men with positive 

FH (18.0%) had been diagnosed with PCa as compared to men with negative FH (12.0%) 

(unadjusted OR 1.61, 95% CI 1.20–2.16; p=0.001). In case of PCa diagnosis, age at 

diagnosis and Gleason score were not significantly different between both groups (table 2 

and 3).

Of 334 men with positive FH, 17 (5.1%) were found to have aggressive disease defined as a 

Gleason score of >=7 as compared to 183 of 4,598 (4.9%) men with negative FH (OR 1.30; 

95% CI 0.77–2.15; p=0.3) (table 3). Seven (1.3%) men with negative FH were found to have 

metastasis at the time of diagnosis (none in the positive FH group). Three of 334 (0.9%) and 

14 (0.3%) of 4,598 died from PCa during follow-up (OR 2.97; 95% CI 0.85–10.38, p=0.07). 

In case of radical prostatectomy (n=334), Gleason score, T-stage and frequency of positive 

lymph nodes were not significantly different between both groups (table 4).

 Incidence of interval PCa

Interval PCa were diagnosed outside the screening protocol either by opportunistic 

screening, by TUR-P or clinically, when organized PSA-screening missed the diagnosis. 

During the entire follow-up period, 156 cancers (3.2%) surfaced in between the screening 

rounds or after termination of screening due to age >75 years and were therefore termed 
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interval cancer. Of those, 14 (4.2%) PCa emerged among men with positive FH and 142 

(3.1%) among men with negative FH, respectively (OR 1.46, 95% CI 0.83–2.56; p=0.2) 

(table 3). Biopsy Gleason scores of interval PCa were 3+3 (n=8 [57.1%]), 3+4 (n=5 

[35.7%]), 4+3 (n=1 [7.1%]), ≥4+4 (n=0[0%]) (positive FH) and 3+3 (n=79 [55.6%]), 3+4 

(n=31 [21.8%]), 4+3 (n=6 [4.2%]) and ≥4+4 (n=24 [16.9%] (negative FH), respectively 

(table 3). For 2 men, Gleason score could not be classified as diagnosis was achieved by 

clinical symptoms and PSA >100ng/ml.

 Risk factor analysis for the indidence of PCa

Figures 1a and b show the cumulative incidence of overall (a) and aggressive (b) PCa, 

respectively, stratified by FH status. In multivariable analysis age, PSA and positive FH at 

baseline were all strong independent predictors for overall PCa detection during follow-up 

(Table 5a; p<0.0001 each). However, for time to aggressive PCa, only PSA at baseline 

(p<0.0001), but not FH (p=0.1) remained an independent predictor (Table 5b).

 Discussion

In the current study, men with positive FH had a higher unadjusted risk for overall PCa 

diagnosis as compared to men with negative FH (OR 1.61, 95% CI 1.20–2.16; p=0.001). 

The PCa detection rate among men with FH is comparable to previous reports although 

considerably below the calculated risk of former epidemiological studies of more than twice 

the risk [25]. The overall prevalence of FH of 6.8% in the Swiss cohort is in line with other 

series and appears to be representative [26–28]. When we adjusted for other parameters, a 

positive FH remained an independent predictor for overall, but not aggressive PCa. 

Importantly, the frequency of "interval PCa” indicating a more aggressive cancer biology 

was only slightly but not significantly higher in men with positive FH (4.2% vs 3.1%, OR 

1.46; 95% CI 0.83–2.56, p=0.2 respectively). Thus, systematic PSA-screening with a 4-year 

algorithm seems to detect potentially aggressive PCa at an earlier stage. Without this 

organized screening schedule, we might expect more aggressive cases among men with 

positive FH as compared to negative FH as it was demonstrated in studies before the 

screening era [18]. However, the current screening attitude in the western world clearly drifts 

towards opportunistic screening with early retest intervals far below 4 years [13]. This 

intensive screening strategy seems to weaken the real predictive effect of a first-degree 

relative affected from PCa.

Meta-analysis support the fact of having a first-degree relative diagnosed with PCa to be a 

significant risk factor for future PCa development to the index patient [29, 30]. This effect 

was particularly true for (clinically diagnosed) disease before the PSA-screening era. 

Reported risk ratios varied from 2.5 to 3.4 times as compared to men with negative FH with 

a greater number of family members affected or younger age at diagnosis increasing this risk 

even further [12]. Basically, a positive FH seems therefore to be a key factor to identify 

those individuals who have inherited predisposition to PCa and the goal of FH inventory is 

to provide enough information for a risk assessment with respect to further investigations. 

However, the predominant part of the underlying data of those studies was gathered before 

or at the beginning of the PSA era. Having said that, some noteworthy contemporary studies 
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have failed to reproduce the correlation between a positive FH and PCa aggressiveness [31]; 

for instance, the Prostate Cancer Prevention Trial (PCPT) found PSA-levels, digital-rectal 

examination and previous biopsy but not positive FH as significant predictors for high grade 

disease despite a very high rate of positive FH of 17% [20]. However, a limitation of PCPT 

was the high rate of positive FH and the randomization of men with exclusively “low-risk” 

baseline PSA-values less or equally to 3ng/ml which does not reflect the characteristics of 

the general population. In another study by Roehl et al., clinicopathologic features and 7-

year progression-free survival were similar between sporadic and familial PCa cases after 

surgery [32]. Likewise, Siddiqui et al. found equivalent long-term oncological outcomes in 

patients with familial, hereditary and sporadic PCa after radical prostatectomy [33].

With the growing frequency of opportunistic PSA-based screening worldwide [13, 14, 34], 

the PCa incidence increased rapidly and most of PCa are nowadays detected at an earlier 

stage and lower grade [15]. Mass screening is associated with an overdiagnosis rate of 

roughly 50% [4]. Every overdiagnosed PCa in turn induces a switch from negative to 

“falsely-positive” FH in relatives, which seems to dilute the true effect of FH on the 

biological aggressiveness of PCa. The results of the current study underline this effect. 

Whereas in early days, the odds for PCa was 2.5 to 3-fold higher in men having a 1st degree 

relative affected from PCa [12], it dropped to 1.6 in our trial or 1.3 in the Finnish arm of the 

ERSPC [28]. This slightly lower RR of 1.3 as compared to the current study can be 

explained by less intensive screening protocol in Finland as men in range 3–4 ng/ml 

underwent prostate biopsy only if free-to-total PSA ratio was less than 16%. There are still 

true hereditary PCa having shorter lead-time and an increased risk of developing an 

aggressive disease [35, 36]. However, in population-based studies, this proportion represents 

only a minority of all PCa diagnosed. Additionally, the only slightly higher percentage of 

aggressive PCa in the current study of 5.1% (positive FH) versus 4.0% (negative FH) 

suggests that at least a part of these cancers among men with a positive FH were detected in 

their pre-clinical development phase which is actually one of the very purposes of the 

screening intervention.

While FH should still be considered as a risk factor in daily practice, the assessment should 

become much more sophisticated and detailed, including the exact origins of diagnosis, that 

is whether prostate cancer in relatives has been detected by PSA-screening or clinically; a 

detailed analysis of tumor characteristics; the exact age at diagnosis of the first degree 

relative affected etc.

Obviously, PCa diagnosis raises the awareness of the disease in family members as well as 

their GPs and thereby exposes male relatives to increased PSA testing and subsequent 

prostate biopsy. Also, a higher socioeconomic status was shown to be associated with 

detection of more localized but not metastatic PCa [19]. Thus, a percentage of men with a 

positive FH diagnosed with PCa are explained by increased screening behaviour.

There are several limitations in our study: First, we did not have complete data on tumour 

characteristics among affected relatives, nor had we information on the three-generation 

pedigree for more detailed FH evaluation. Second, we collected data on FH at the study 

entrance, but this might have changed slightly over time. Therefore, there might potentially 
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be more men with a positive FH during follow-up. However, if so, this would weaken the 

impact of positive FH even more. Finally, we have a relatively small sample size as far as 

aggressive PCa is considered.

It would be of interest to compare those with a positive FH undergoing screening to those 

with a positive FH not undergoing screening (the control group of ERSPC). However, in 

order to prevent any PSA contamination data on FH was not collected in the control group 

of our trial so this interesting question cannot be answered.

In conclusion, although our study has confirmed FH as a risk factor for PCa diagnosis, most 

of these men were classified as having low-risk disease in this contemporary population-

based screening cohort. A PSA-based screening setting detects the majority of aggressive 

PCa and missed only a minority of interval cancers with a 4-year screening algorithm. FH as 

a risk factor might therefore rather be used complementary to risk factors such as prostate 

volume, baseline PSA and age. In order to perform a more personalized screening for PCa, 

information on a positive FH might need to be obtained including complete information on 

cancer characteristics of the relative.
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Figure 1. 
a Kaplan Meier estimate for PCa-free survival comparing positive vs negative FH b Kaplan 

Meier estimate for aggressive PCa-free survival comparing positive vs negative FH
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Table 1

Distribution of family history among n=4,932 study attendees

Family History n %

Negative FH group (overall) 4,598 93.2%

First degree-realtive affected 334 6.8%

Constellation of affected first degree-relative(s)

  One brother affected 65 19.5%

  Several brothers affected 5 1.5%

  Only father affected 242 72.5%

  Father and brother(s) affected 8 2.4%

Father and grandfather affected 14 4.2%
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Table 2

Clinical characteristics of 4,932 men stratified according to family history

Variable pos FH neg FH p-value

Subjects, No. (%) 334 (6.8) 4,598 (93.2) -

Age at baseline, years

median
[IQR]

60.8
[57.1 – 64.4]

61.0
[57.6 – 65.2]

0.07

PSA at baseline, ng/ml,
median
[IQR]

1.13
[0.57 – 2.23]

1.01
[0.57 – 1.87]

0.3

PSA-Conversion rate to ≥3ng/ml 4 years from baseline, No (%) 54 (20.2) 776 (19.4) 0.7

PSA-Conversion rate to ≥3ng/ml 4 to 8 years from baseline, No (%) 57 (27.4) 680 (22.4) 0.1

PSA-velocity 4 years from baseline (ng/ml/year)
median
[IQR]

0.32
[−0.02 – 0.84]

0.19
[−0.05 – 0.67]

0.05

PSA-velocity 8 years from baseline (ng/ml/year)
median
[IQR]

0.07
[−0.01 – 0.2]

0.06
[0.01 – 0.2]

0.8

IPSS* at baseline
median
[IQR]

6
[3–10]

5
[3–9]

<0.0001

Cumulative detection rate of prostate cancer, No. (%) 60 (18.0) 550 (12.0) 0.001

PSA at diagnosis, ng/ml, No. (%)

median
[IQR]

4.70
[3.50 – 6.88]

4.55
[3.48 – 7.28) 0.1

Age at diagnosis, years   

median
[IQR]

66.0
[62.3 – 69.0]

67.0
[63.0 – 70.0] 0.1

  50 – 59, No. (%) 9 (15.0) 47 (8.5)

  60 – 69, No. (%) 39 (65.0) 341 (62.0)

  ≥ 70, No. (%) 12 (20.0) 162 (29.5)

IPSS = International Prostate Symptom Score

*
In 122 men IPSS questionnaire could not be evaluated (neurogenic bladder dysfunction, diuretics, etc.)
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Table 4

Pathologic characteristics of 334 men (38 of positive FH group and 296 of negative FH group) detected with 

PCa after radical prostatectomy

Variable positive FH
(overall PCa n=60)

negative FH
(Overall PCa n=550)

overall p-value

Subjects, No. (%) 38 (100) 296 (100) 334 -

Gleason score

3+3 18 (47.4) 146 (49.3) 164 0.8

3+4 11 (28.9) 84 (28.4) 94

4+3 5 (13.2) 33 (11.1) 38

≥ 4+4 2 (5.3) 28 (9.5) 30

T-stage

pT2 31 (81.6) 244 (82.4) 275

≥ pT3 7 (18.4) 52 (17.6) 59 0.9

N-stage

pN + 2 (5.3) 11 (3.7) 13

pN0 32 (84.2) 248 (83.8) 0.9

pNx 4 (10.5) 37 (12.5)

Of 5 men RP Gleason score was not available (negative FH)
Of 2 men RP Gleason score was not available (positive FH)
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