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Abstract

Purpose—A detailed family history provides an inexpensive alternative to genetic profiling for 

individual risk assessment. We updated the PCPT Risk Calculator to include detailed family 

histories.

Materials and Methods—The study included 55,168 prostate cancer cases and 638,218 

controls from the Swedish Family Cancer Database who were 55 years old or older in 1999 and 

had at least 1 male first-degree relative 40 years old or older and 1 female first-degree relative 30 

years old or older. Likelihood ratios, calculated as the ratio of risk of observing a specific family 

history pattern in a prostate cancer case compared to a control, were used to update the PCPT Risk 

Calculator.

Results—Having at least 1 relative with prostate cancer increased the risk of prostate cancer. The 

likelihood ratio was 1.63 for 1 first-degree relative 60 years old or older at diagnosis (10.1% of 

cancer cases vs 6.2% of controls), 2.47 if the relative was younger than 60 years (1.5% vs 0.6%), 

3.46 for 2 or more relatives 60 years old or older (1.2% vs 0.3%) and 5.68 for 2 or more relatives 

younger than 60 years (0.05% vs 0.009%). Among men with no diagnosed first-degree relatives 

the likelihood ratio was 1.09 for 1 or more second-degree relatives diagnosed with prostate cancer 

(12.7% vs 11.7%). Additional first-degree relatives with breast cancer, or first-degree or second-

degree relatives with prostate cancer compounded these risks.

Conclusions—A detailed family history is an independent predictor of prostate cancer 

compared to commonly used risk factors. It should be incorporated into decision making for 

biopsy. Compared with other costly biomarkers it is inexpensive and universally available.
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AS cancer clinical practice moves toward personalized approaches and large-scale data 

specializing in individual risk factors become increasingly available, the need emerges to 

synthesize and incorporate this information into existing cancer risk prediction tools. For 

example, the completion of multiple confirmatory genome-wide association studies 

identifying common and rare single nucleotide polymorphisms has promoted their 

incorporation into commonly used cancer risk prediction tools.1–9 To date these markers 

have had only modest impacts on risk and they are often not widely used due to cost.10

A less expensive and more easily implemented alternative to genetic markers is the 

collection of a detailed family history of cancer. While the commonly used definition of a 

family history of disease is dichotomous (ie do you have a FDR with a history of the same 

disease? Yes or no), a detailed family history assesses for the disease in SDRs, the number 

of relatives diagnosed, ages at diagnosis and information on related diseases. Although a 

self-reported family history is easier to obtain and far less costly than genetic measures, it is 

prone to recall error and large sample sizes are needed to appropriately assess the association 

between rare family history patterns and disease outcomes.

The SFCD, which includes data on the entire population of Sweden (those born after 1931 

plus their biological parents), is the largest comprehensive family cancer registry in the 

world.11 Data housed in the registry are not self-reported but rather assimilated from a 

nationwide linked network of death and hospital registries. The latest SFCD update occurred 

in 2010 and it now includes more than 12.2 million individuals and more than 1.1 million 

first primary cancers.11 Analogous to the large genome-wide consortiums that maximize 

sample numbers for clinical outcome predictions based on genetic markers, the SFCD 

provides the large sample numbers needed to accurately identify the association between a 

detailed family history and cancer risk prediction.

After a large-scale twin study in Sweden, Denmark and Finland estimated the heritability of 

prostate cancer at 42%, a SFCD study identified the key detailed family history risk factors 

associated with the risk of prostate cancer in the next 10 years.12,13 These factors included 

prostate cancer detected in a FDR younger than 60 vs 60 years old or older, prostate cancer 

in a SDR, breast cancer in a FDR and esophageal carcinoma in situ in the index man or in a 

FDR. A comprehensive risk score based only on these factors was proposed for use in 

prostate cancer screening. This risk assessment score can be easily implemented in clinical 

practice, requiring that the patient only complete a short questionnaire.

An ideal method to implement a detailed family history into prostate cancer risk assessment 

would be to use a comprehensive tool that incorporates other validated measures of risk. The 

PCPTRC (http://myprostatecancerrisk.com/), the most commonly used tool for this 

assessment, includes PSA, DRE, family history of prostate cancer, prior negative biopsy (if 

done), age and race/ethnicity.14 Based on these risk factors a simple display of 

individualized predicted outcomes (negative biopsy and low vs high grade cancer) enables 

physicians to provide a context to counsel patients on their preference of whether to proceed 

to biopsy. The PCPTRC was externally validated in dozens of international diverse 

populations.15–25 Since its development, the calculator has been modified to incorporate 
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newly discovered and FDA (Food and Drug Administration) approved markers for prostate 

cancer, including PCA3 and percent free PSA, using a Bayesian technique to update a risk 

tool called the LR.26,27 As these updated PCPTRC calculators became available online, they 

have also undergone validation studies.28,29 We provide an updated online PCPTRC to 

incorporate a detailed family history into contemporary clinical prostate cancer risk 

assessment based on the established risk factors.

MATERIALS AND METHODS

Data on men with at least 1 FDR recorded in the 2010 version of the SFCD were extracted. 

The men were alive, 55 years old or older and free from prostate cancer at the beginning of 

the study period (1999 to 2010). The SFCD was collected under approval by the Lund 

University regional ethics committee in Sweden with an anonymous version used for this 

analysis. To establish prostate cancer cases and controls the men who met study eligibility 

requirements were segregated into those in whom prostate cancer did and did not develop, 

respectively, during the subsequent 11 years until 2010.

Based on the study by Roudgari et al13 FDR and SDR prostate cancer history, and FDR 

breast cancer history were selected as the detailed family history patterns relevant to prostate 

cancer risk. FDR prostate cancer history was stratified by whether cancer was diagnosed 

before vs at or after age 60 years as well as by whether zero, 1, or 2 or more FDRs were 

diagnosed. SDR prostate cancer and FDR breast cancer history were only stratified by no vs 

1 or more respective relatives diagnosed. Roudgari et al used the cutoff point of 60 years as 

the age most commonly serving as a discriminator for prostate cancer at younger ages, 

comparable to other published studies. Esophageal carcinoma in a FDR, which was included 

in the score of Roudgari et al, was not included due to its low incidence.

The LR was defined as the ratio of the proportion of prostate cancer cases with a specific 

family history pattern vs the corresponding proportion of controls with the pattern. Thus, a 

LR greater than 1 means that a specific family history pattern was more common in cancer 

cases, a LR less than 1 means that the pattern was more common in controls and a LR of 1 

means that the pattern was equally common in cases and controls.30 No adjustment was 

made for age or race to preserve sample size and obtain an empirical estimate without 

relying on a statistical model.

The LRs for FDR family history patterns were calculated for men with at least 1male FDR 

40 years old or older and at least 1 female FDR 30 years old or older. Because calculations 

with the more stringent requirement of at least 2 male FDRs 40 years old or older yielded 

almost identical results, the larger and less restricted sample was used to maximize statistical 

power. The LRs for joint FDR and SDR family history were calculated by multiplying the 

LRs for FDRs by the conditional LRs for SDRs stratified by FDR family history. The latter 

LRs were calculated for men with at least 1 male FDR 40 years old or older, at least 1 

female FDR 30 years old or older and at least 1 male SDR 40 years old or older. We 

calculated the CIs of LRs using the d method applied to the logarithm and the Bonferroni 

adjustment using the number of simultaneous intervals calculated to obtain 95% overall 

confidence.
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The PCPTRC was updated in a fashion similar to that in our previous studies of other 

markers.26,27 Specifically the prior odds of prostate cancer based only on the risk factors 

PSA, DRE, age, race and biopsy history were calculated using the latest release, PCPTRC 

2.0, assuming that the question on a FDR family history of prostate cancer was answered no. 

This was done so that the influence of family history would not be counted doubly from the 

PCPT and the SFCD. We used the available PCPTRC 2.0 formulas (http://

myprostatecancerrisk.com/). The LRs of the detailed family history trajectories were 

multiplied by prior odds to obtain the posterior odds according to the Bayes rule. New 

updated PCPTRC risks incorporating the detailed family history were obtained from the 

posterior odds.

RESULTS

Of 6,133,364 men with at least 1 FDR recorded in the 2010 SFCD version 4,993,373 were 

alive and free of prostate cancer at the beginning of the study period (1999 to 2010). About a 

fifth of these men (1,019,441) were 55 years old or older in 1999, including about 82% 

(832,110) with at least 1 recorded male FDR 40 years old or older, more than 85% (864,102) 

with at least 1 reported female FDR 30 years old or older, and more than 27% (272,798) 

with at least 1 documented male SDR 40 years old or older. The resulting cohort used for 

analysis comprised 693,386 men, of whom 8.0% were diagnosed with prostate cancer during 

the subsequent 11-year period.

The table shows the impact of a detailed FDR history of prostate and breast cancer. Family 

history patterns involving at least 1 FDR diagnosed with prostate cancer were more common 

among prostate cancer cases than controls. The patterns were statistically significant even 

after stringent adjustment for multiple testing except for cases with small observed numbers. 

A FDR diagnosed with prostate cancer at younger than 60 years incurred a higher risk than a 

FDR diagnosed at age 60 years or greater, and the risk increased as the number of diagnosed 

relatives increased from 1 to 2 or more. For example, 10.1% of patients with prostate cancer 

had 1 FDR 60 years old or older who was diagnosed with prostate cancer compared to 6.2% 

of controls (LR 1.63, CI 1.56 to 1.70). The percent of prostate cancer cases and controls with 

1 FDR younger than 60 years decreased (1.5% vs 0.6%) but the LR increased to 2.47 (CI 

2.20 to 2.79). Moving from 1 FDR younger than 60 years to 2 or more such FDRs became 

more rare and was almost 6 times more common in prostate cancer cases than in controls 

(0.05% vs 0.007%, LR 5.68, CI 2.75 to 11.74).

The supplementary table (http://jurology.com/) shows the impact of a SDR history of 

prostate cancer. The effects of having 1 or more SDRs with prostate cancer were not 

statistically significant except in men with no FDR family history of prostate cancer. This 

observation was ostensibly due to the much smaller population of men with a positive FDR 

family history. In men with no FDR family history the proportion of prostate cancer cases 

with a SDR family history was only slightly higher than the respective proportion of controls 

(12.7% vs 11.7%, LR 1.09, 99.4% CI 1.02 to 1.16).

The figure shows the impact of using the calculated FDR and SDR LRs to incorporate a 

detailed family history of prostate cancer into the PCPTRC. The greatest determinants of 
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risk were FDRs diagnosed with prostate cancer at younger than 60 years, which exerted 

larger effects than diagnoses at age 60 years or greater. Including the FDR history of breast 

cancer only slightly moved the curves and a SDR with prostate cancer moved the curves 

only negligibly.

DISCUSSION

A detailed family history is an inexpensive means of using genetic information that adds 

predictive value to the established clinical risk factors that are routinely used to screen for 

prostate cancer in the United States, including PSA and DRE. To our knowledge the 

comprehensive SFCD, which includes the entire population of Sweden (those born after 

1931 plus their biological parents), provides the only current resource with sufficient 

statistical power to determine the influence of a detailed family history on prostate cancer 

risk.

There are several limitations to this study. The first limitation is that there is currently no 

internal or external validation of the algorithm because to our knowledge no cohort currently 

exists with the detailed family history variables recommended by the recent analysis of 

Roudgari et al13 as well as the PCPT risk factors, including PSA measured within 1 year 

before biopsy. Thus, the updated PCPTRC to include detailed family history was made 

available at the PCPTRC website (http://myprostatecancerrisk.com/) to encourage groups at 

institutions to collect and synthesize the risk factors and pursue validation. This has always 

been the way that PCPTRC algorithms have been validated with more than 50 published 

validations of the algorithm and extended algorithms.15–30 Detailed family history is already 

collected at some clinics in Europe but in the United States this typically requires informed 

consent. We instigated this process at several clinical sites.

The extended calculator could not be validated because it was built from 2 cohorts for which 

nonoverlapping risk factors were collected, including the SFCD cohort with detailed family 

history and the PCPT cohort with PSA, DRE, race, age, FDR prostate cancer history and 

prior biopsy history. A single large study with all clinical and detailed family history 

variables recorded on the same individuals would have been preferable. Unfortunately to our 

knowledge such a large cohort of 693,386 men with detailed family history and PSA 

recorded within 1 year before biopsy (as required by the PCPT) is not available.

A second study limitation is that the clinically more relevant end point of lethal prostate 

cancer has not been considered. Mortality data are generally not available and would be the 

source of a greater degree of error due to bias in assessing cause of death. Gleason grade was 

unfortunately also not available in the SFCD and it is likely that detection and expectation 

bias contributed to inflated estimates of low grade, potentially over detected prostate 

cancers. Expectation bias would have occurred when subjects with a family history were 

more likely to be screened and, thus, have cancer detected. Detection depends on screening 

intensity, which was not controlled for in this comprehensive population study of Sweden 

from 1999 to 2010. We divided the 11-year followup into early (1999 to 2005) and later 

(2006 to 2010) periods, and recalculated the LRs to see whether they were increased in the 

later period. We found slight increases in most but not all family history patterns, supporting 
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the hypothesis of an increasing detection and expectation bias role in prostate cancer 

detection. However, our results importantly held true in each era, indicating that PSA 

screening did not dramatically affect the ability of a detailed family history to predict 

prostate cancer risk.

Based on PCPT data we previously found a statistically significant association of a FDR 

prostate cancer history with the detection of low grade (Gleason score less than 7) but not 

high grade disease.14 However, the associations were almost of the same magnitude (low vs 

high grade OR 1.31 vs 1.25). The lack of statistical significance could have been due to a 

lack of statistical power caused by the smaller number of high grade cases in the screening 

trial. Results of the updated PCPTRC risk of prostate cancer incorporating detailed family 

history will be presented with the PCPTRC risk of low vs high grade disease without 

incorporating detailed family history. An informal approximation of the risk of high grade 

cancer using the PCPTRC and incorporating detailed family history data could be obtained 

by multiplying the risk of overall prostate cancer by the fraction of high grade risk from the 

PCPTRC without incorporating detailed family history. More studies are needed to establish 

the association of detailed family history with consequential disease.

A third study limitation is the relatively homogeneous Swedish population. While these 

findings may not be more generalizable to the United States or other populations, to our 

knowledge the lack of a similar registry that could validate this finding in the United States 

or other homogeneous populations makes this a unique observation. The online risk 

calculator will expedite the needed external validation in diverse populations to ascertain its 

clinical usefulness.

CONCLUSIONS

This analysis demonstrates that risk assessment may potentially be improved using detailed 

family histories. This is available now via the online PCPTRC for the needed external 

validation to determine clinical usefulness.
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Abbreviations and Acronyms

DRE digital rectal examination

FDR first-degree relative

LR likelihood ratio

PCPT Prostate Cancer Prevention Trial

PCPTRC PCPT Risk Calculator
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PSA prostate specific antigen

SDR second-degree relative

SFCD Swedish Family Cancer Database
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Estimated risk of prostate cancer on biopsy using PCPTRC without detailed family history 

and updated PCPTRC with information on FDRs with prostate cancer according to PSA in 

65-year-old white man with normal DRE and no biopsy history. Since incorporating SDRs 

with prostate cancer or FDRs with breast cancer impacted risk only slightly or negligibly, 

those data are not shown. Dashed blue curve indicates 2 FDRs younger than 60 years. 

Dashed red curve indicates 2 FDRs 60 years old or older. Solid blue curve indicates 1 FDR 
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younger than 60 years. Solid red curve indicates 1 FDR 60 years old or older. Black curve 

indicates PCPTRC.

Grill et al. Page 10

J Urol. Author manuscript; available in PMC 2016 September 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Grill et al. Page 11

Pa
tie

nt
s 

w
ith

 p
ro

st
at

e 
ca

nc
er

 a
nd

 6
38

,2
18

 c
on

tr
ol

s 
w

ith
 0

, 1
, o

r 
2 

or
 m

or
e 

FD
R

s 
di

ag
no

se
d 

w
ith

 p
ro

st
at

e 
or

 b
re

as
t c

an
ce

r

N
o.

 F
D

R

P
t 

N
o.

P
ro

st
at

e 
C

a,
L

es
s 

T
ha

n 
60

P
ro

st
at

e 
C

a,
60

 o
r 

G
re

at
er

B
re

as
t 

C
a

N
o.

 C
as

es
 (

%
)

N
o.

 C
on

tr
ol

s 
(%

)
L

R
 (

99
.8

%
 C

I)
*

1
43

,0
06

(7
8.

0)
53

7,
99

6
(8

4.
3)

0.
93

(0
.9

2,
0.

93
)

2
1

3,
50

9
(6

.4
)

45
,2

19
(7

.1
)

0.
90

(0
.8

5,
0.

95
)

3
2 

or
 M

or
e

22
1

(0
.4

)
2,

55
6

(0
.4

)
1.

00
(0

.8
1,

1.
24

)

4
1

5,
59

7
(1

0.
1)

39
,7

75
(6

.2
)

1.
63

(1
.5

6,
1.

70
)

5
1

1
75

6
(1

.4
)

4,
63

2
(0

.7
)

1.
89

(1
.6

7,
2.

13
)

6
1

2 
or

 M
or

e
52

(0
.0

9)
37

8
(0

.0
6)

1.
59

(1
.0

1,
2.

51
)

7
2 

or
 M

or
e

66
2

(1
.2

)
2,

21
5

(0
.3

)
3.

46
(3

.0
2,

3.
96

)

8
2 

or
 M

or
e

1
99

(0
.2

)
30

9
(0

.0
5)

3.
71

(2
.6

0,
5.

29
)

9
2 

or
 M

or
e

2 
or

 M
or

e
8

(0
.0

1)
24

(0
.0

04
)

3.
86

(1
.0

9,
13

.6
1)

10
1

80
9

(1
.5

)
3,

78
5

(0
.6

)
2.

47
(2

.2
0,

2.
79

)

11
1

1
85

(0
.2

)
41

9
(0

.0
7)

2.
35

(1
.6

3,
3.

39
)

12
1

2 
or

 M
or

e
5

(0
.0

09
)

33
(0

.0
05

)
1.

75
(0

.4
0,

7.
72

)

13
1

1
19

3
(0

.3
)

61
2

(0
.1

)
3.

65
(2

.8
3,

4.
71

)

14
1

1
1

39
(0

.0
7)

65
(0

.0
1)

6.
94

(3
.7

1,
12

.9
8)

15
1

1
2 

or
 M

or
e

2
(0

.0
04

)
7

(0
.0

01
)

3.
31

(0
.2

8,
39

.3
7)

16
1

2 
or

 M
or

e
48

(0
.0

9)
79

(0
.0

1)
7.

03
(3

.9
9,

12
.3

7)

17
1

2 
or

 M
or

e
1 

or
 M

or
e

3
(0

.0
05

)
15

(0
.0

02
)

2.
31

(0
.3

3,
16

.3
3)

18
2 

or
 M

or
e

27
(0

.0
5)

55
(0

.0
09

)
5.

68
(2

.7
5,

11
.7

4)

19
2 

or
 M

or
e

1 
or

 M
or

e
4

(0
.0

07
)

6
(0

.0
00

9)
7.

71
(1

.0
5,

56
.6

8)

20
2 

or
 M

or
e

1
18

(0
.0

3)
21

(0
.0

03
)

9.
92

(3
.6

8,
26

.7
5)

21
2 

or
 M

or
e

1
1 

or
 M

or
e

3
(0

.0
05

)
3

(0
.0

00
5)

11
.5

7
(0

.9
3,

14
4.

21
)

22
2 

or
 M

or
e

2 
or

 M
or

e
11

(0
.0

2)
6

(0
.0

00
9)

21
.2

1
(4

.4
2,

10
1.

76
)

23
2 

or
 M

or
e

2 
or

 M
or

e
1 

or
 M

or
e

11
(0

.0
2)

8
(0

.0
01

)
15

.9
1

(3
.7

9,
66

.8
5)

* Pe
rc

en
t c

an
ce

r/
pe

rc
en

t c
on

tr
ol

s 
w

ith
 9

9.
8%

 C
I 

re
po

rt
ed

 to
 a

cc
ou

nt
 f

or
 s

im
ul

ta
ne

ou
s 

si
gn

if
ic

an
ce

 o
f 

23
 te

st
s 

at
 o

ve
ra

ll 
95

%
 c

on
fi

de
nc

e.

J Urol. Author manuscript; available in PMC 2016 September 23.


	Abstract
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	References
	Estimated risk of prostate cancer on biopsy using PCPTRC without detailed family history and updated PCPTRC with information on FDRs with prostate cancer according to PSA in 65-year-old white man with normal DRE and no biopsy history. Since incorporating SDRs with prostate cancer or FDRs with breast cancer impacted risk only slightly or negligibly, those data are not shown. Dashed blue curve indicates 2 FDRs younger than 60 years. Dashed red curve indicates 2 FDRs 60 years old or older. Solid blue curve indicates 1 FDR younger than 60 years. Solid red curve indicates 1 FDR 60 years old or older. Black curve indicates PCPTRC.
	Patients with prostate cancer and 638,218 controls with 0, 1, or 2 or more FDRs diagnosed with prostate or breast cancerNo. FDRPt No.Prostate Ca,Less Than 60Prostate Ca,60 or GreaterBreast CaNo. Cases (%)No. Controls (%)LR (99.8% CI)*143,006(78.0)537,996(84.3)0.93(0.92,0.93)213,509(6.4)45,219(7.1)0.90(0.85,0.95)32 or More221(0.4)2,556(0.4)1.00(0.81,1.24)415,597(10.1)39,775(6.2)1.63(1.56,1.70)511756(1.4)4,632(0.7)1.89(1.67,2.13)612 or More52(0.09)378(0.06)1.59(1.01,2.51)72 or More662(1.2)2,215(0.3)3.46(3.02,3.96)82 or More199(0.2)309(0.05)3.71(2.60,5.29)92 or More2 or More8(0.01)24(0.004)3.86(1.09,13.61)101809(1.5)3,785(0.6)2.47(2.20,2.79)111185(0.2)419(0.07)2.35(1.63,3.39)1212 or More5(0.009)33(0.005)1.75(0.40,7.72)1311193(0.3)612(0.1)3.65(2.83,4.71)1411139(0.07)65(0.01)6.94(3.71,12.98)15112 or More2(0.004)7(0.001)3.31(0.28,39.37)1612 or More48(0.09)79(0.01)7.03(3.99,12.37)1712 or More1 or More3(0.005)15(0.002)2.31(0.33,16.33)182 or More27(0.05)55(0.009)5.68(2.75,11.74)192 or More1 or More4(0.007)6(0.0009)7.71(1.05,56.68)202 or More118(0.03)21(0.003)9.92(3.68,26.75)212 or More11 or More3(0.005)3(0.0005)11.57(0.93,144.21)222 or More2 or More11(0.02)6(0.0009)21.21(4.42,101.76)232 or More2 or More1 or More11(0.02)8(0.001)15.91(3.79,66.85)*Percent cancer/percent controls with 99.8% CI reported to account for simultaneous significance of 23 tests at overall 95% confidence.

