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abstract

PURPOSE Recently developed clinical guidelines suggest that men in families with specific cancer syndromes,
such as hereditary breast and ovarian cancer (HBOC), consider genetic testing, especially in the setting of
aggressive disease. However, although a family history (FH) of the same disease among close relatives is an
established risk factor for prostate cancer (PC), a direct comparison of PC risk for men with each syndrome in
a single population is needed.

METHODS The Utah Population Database was used to identify 619,630 men, age $ 40 years, who were
members of a pedigree that included at least 3 consecutive generations. Each man was evaluated for FH of
hereditary PC (HPC), HBOC, and Lynch syndrome (LS) and for his own PC status. PC occurrences (N = 36,360)
were classified into one or more subtypes: early onset (EO), lethal, and/or clinically significant. Relative risks
(RRs) associated with each subtype, adjusted for important covariables, were calculated in STATA using
a modified Poisson regression with robust error variances to obtain corresponding RR CIs for each FH definition.

RESULTS An FH of HPC conveyed the greatest relative risk for all PC subtypes combined (RR, 2.30; 95%CI, 2.22
to 2.40), followed by HBOC and LS (both with 1 , RR , 2 and statistically significant). The strongest risks
associated with FH were observed for EO disease in all pedigree types, consistent with the contribution of genetic
factors to disease occurrence.

CONCLUSION In this large, population-based, family database, the risk of PC varied by cancer FH and was most
strongly associated with EO disease. These results are critically valuable in understanding and targeting high-risk
populations that would benefit from genetic screening and enhanced surveillance.

J Clin Oncol 38:1807-1813. © 2020 by American Society of Clinical Oncology

INTRODUCTION

Prostate cancer (PC) is the most common invasive
cancer diagnosed among men in the United States,
with an estimated 175,000 new occurrences pro-
jected to be diagnosed in 2019.1 It currently is the
second most common cause of cancer-related death
among men, with a projected 31,600 deaths in
2019.1 Although 5-year survival is essentially 100% in
men diagnosed with localized or regional PC, it de-
clines significantly (to approximately 30%) among
men first diagnosed with metastatic disease,2 em-
phasizing the importance of earlier detection and
treatment. Established PC risk factors include age,
ethnicity, and family history (FH) of PC.3 The relative
risk (RR) of PC increases approximately 2- to 3-fold
for those with an FH of the disease in $ 1 first-degree
relatives. Risk increases with an increasing number of
affected relatives and is inversely related to the age at
time of diagnosis among those relatives.4-6 Inherited
susceptibility is suspected to account for approxi-
mately 40% of all diagnosed PCs; however, genetic

variants and mutations discovered to date account for
only a subset of these cancers.7,8

Research and clinical studies have used different
definitions to identify men who may be at genetic risk
for PC according to their FH of PC. Familial PC (FPC)
has been defined as families with either 2 first-degree
relatives diagnosed with PC at any age or 1 first-
degree relative and $ 2 second-degree relatives di-
agnosed at any age.6 A more stringent definition of
hereditary PC (HPC) has been used to characterize
families with a particularly strong history of PC and
includes those families with $ 3 affected first-degree
relatives, or PC diagnosed in 3 successive genera-
tions of the same lineage (paternal or maternal), or
2 first-degree relatives both diagnosed with early-onset
disease (# 55 years).9

PC risk also has been implicated in other familial
cancer syndromes, including hereditary breast and
ovarian cancer (HBOC) syndrome and Lynch syn-
drome (LS). Associated with a germline mutation in the
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tumor suppressor DNA repair genes BRCA1 and BRCA2,
HBOC syndrome typically is found in families with multiple
breast, ovarian, and pancreatic cancer diagnoses, partic-
ularly with early age of cancer onset. Studies suggest that
the RR of PC for men, 65 years with a BRCA1mutation is
nearly 2-fold and more than 7-fold for mutations in
BRCA2.10-12 Deleterious BRCA2 mutations also are asso-
ciated with clinically aggressive disease, progression, and
higher rates of cancer-specificmortality.13,14 As a result, the
National Comprehensive Cancer Network (NCCN) rec-
ommends that BRCA2 mutation carriers begin PC
screening with prostate-specific antigen (PSA) testing and
a digital rectal exam by age 40 and that BRCA1 mutation
carriers consider testing at this age.15

LS, or hereditary non-polyposis colorectal cancer, is as-
sociated with germline DNAmismatch repair defects and is
clinically defined by the Amsterdam II criteria, which re-
quires at least 3 family members to have a related cancer
(eg, colorectal, endometrial, small intestinal, renal pelvic, or
ureteral).16 Individuals with LS are 2-5 times more likely to
develop PC during their lifetimes.16-19 However, in contrast
to PC in the setting of HBOC syndrome, no current NCCN
recommendations exist for PC screening in this cohort.

Given the importance of family cancer history in risk as-
sessment for earlier detection and treatment recommen-
dations, the objective of this population-based study was to
quantify the RRs of PC associated with different family
cancer histories (ie, HPC and FPC, HBOC, and LS). The RR
for PC in general as well as the risks for three PC
subgroups—early-onset, lethal, and clinically significant
PCs—was evaluated.

METHODS

This study used data from the Utah Population Database
(UPDB). The UPDB contains data on more than 11 million
individuals from the late 18th century to the present. The
UPDB links pedigree information from the Genealogical
Society of Utah and state vital records to a number of data
sources, including but not limited to statewide birth and
death certificates, medical records, and the Utah Cancer
Registry (UCR). The UCR is a statewide cancer registry
established in 1966 and has been part of the SEER registry
since 1973. This study was approved by the University of
Utah institutional review board and by the Utah Resource
for Genetic and Epidemiologic Research, the regulatory
oversight board of the UPDB.

Men were included in the study if they met the following
inclusion criteria: were members of a pedigree with at least
3 consecutive generations in the record, were age $

40 years by January 1, 2017, or at time of death, were
residents of Utah during the year 1966 or after (when
a diagnosis of PC could be captured in the UCR), and had
known birth years and birth states.

Qualifying patients with PC were identified using the UCR
and death certificates according to the following criteria:
histopathologically confirmed PC reported in the UCR and/
or PC as primary cause of death recorded either in the UCR
or on the death certificate. All eligible PC occurrences were
then classified as $ 1 of the following PC subtypes: early
onset, lethal, and/or clinically significant. Early-onset PC
was defined as a PC diagnosed at age # 55 years. Lethal
PC was identified if PC was listed as the primary cause of
death on a death certificate or if a UCR record indicated
that the patient died of PC. A PC occurrence was con-
sidered clinically significant if any one of 3 conditions were
met: Gleason score $ 7; missing Gleason score but UCR
stage 2 (regional, direct extension only), 3 (regional, re-
gional lymph nodes only), 4 (regional, direct extension, and
regional lymph nodes), 5 (regional), or 7 (distant metas-
tases/systemic disease); and lethal PC.

Each included man was evaluated for a positive or negative
FH of HPC, FPC, HBOC, and LS. The man’s own cancer
disease status was not used in any of the FH definitions.
HPC was defined by Carter et al9 in 1993. Although the
established criteria can delineate HPC families, it cannot be
applied immediately to determine if an individual has an FH
of HPC. As such, the criteria were adapted for use in this
study, as follows: $ 3 first-degree relatives with PC; $ 3
affected relatives spanning 3 generations out to third-
degree relatives and all on the same ancestral lineage;
and$ 2 first- or second-degree relatives diagnosed with PC
at age # 55 years (Fig 1). A positive history of FPC was
defined as having$ 2 first- or second-degree relatives with
PC on the same side of the pedigree.

For an FH of HBOC, the NCCN Guidelines, version 2.2017,
for BRCA-Related Breast and/or Ovarian Cancer Syndrome
were adapted to determine if an individual would meet the
BRCA1/2 testing criteria on the basis of FH alone
(Table 1).20 Some criteria refer to relatives who had PC with
Gleason scores $ 7. Because Gleason scores were not
available for all PC occurrences, the clinically significant PC
definition described earlier in the Methods was used to
identify these relatives.

49
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FIG 1. Example pedigrees for hereditary prostate cancer (HPC), with
probands meeting the following family history criteria: (A) $ 3 first-
degree relatives with prostate cancer (PC), (B) $ 3 affected relatives
spanning 3 generations (out to third-degree relative and all on same
side), and (C) $ 2 first- or second-degree relatives diagnosed with PC
at age # 55 years.
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Finally, the Revised Bethesda Guidelines for LS were
adapted to determine if an individual had a positive FH of
LS (Table 2).21 The LS-associated cancers included in the
criteria were colorectal, ovarian, pancreatic, ureter/renal
pelvis, brain, biliary tract, endometrial, small intestine,
sebaceous carcinoma, and stomach cancers. Only ma-
lignant LS-associated cancers were evaluated; benign LS-
associated tumors were not evaluated.

Statistical Methods

RRs of PC were calculated for each FH definition. This
calculation was completed in STATA (STATA Corp, College
Station, TX) using amodified Poisson regression with robust
error variances to obtain the RR CIs. Covariables repre-
senting 5-year birth year groups, birth state (Utah or non-
Utah), and number of male relatives were included in the
model to control for possible confounding. The 5-year birth
year group was included to control for differences over time
(PSA-based diagnosis, older individuals with more FH).
Birth state (Utah or non-Utah), was included to control for

the fact that the men born in Utah families likely have more
data in UPDB than those migrating to Utah. Number of
male relatives was included to control for the possible in-
creased likelihood of a positive FH of PC with more men in
the family available to evaluate. All calculations were re-
peated with early-onset, lethal, and clinically significant PC
each as the dependent variable.

RESULTS

A total of 619,630 men met the inclusion criteria for the
study, and 421,827 men (68.1%) were still alive at the time
of study query (August 2018). The median age at time of
query among those still alive was 57.5 years (interquartile
range [IQR], 48.1-66.9 years). The median age at time of
death for the remaining 31.9% of the cohort was 75.5 years
(IQR, 64.6-83.9 years). The prevalence of PC was 5.9% for
the cohort (n = 36,360); 2,562 patients met the criteria for
early-onset disease (7.0%), 4,044 patients (11.1%)met the
criteria for lethal disease, and 15,201 patients (41.8%) met
the criteria for clinically significant disease (Table 3). The
median age at time of diagnosis was 69.0 years (IQR, 63.0-
76.0 years; Data Supplement). Just more than 70% of men
were diagnosed with organ-confined disease, and ap-
proximately 6% were first diagnosed with metastatic dis-
ease. Approximately 71% of patients were missing
information on Gleason score. However, among those
patients with information on Gleason score (n = 10,523
men), 46.7% were diagnosed with Gleason score of # 6;
39.0%, with a Gleason score of 7; and 14.3%, with
a Gleason score of $ 8. When cancers were categorized
into early-onset PC, lethal PC, and clinically significant PC,
temporal trends were observed: in recent decades, more
patients had early-onset PC and fewer had lethal PC. No
consistent linear trends were observed for clinically sig-
nificant PC within the timeframe of the study (Data
Supplement).

Table 4 lists the RRs for PC according to FH. The risks were
highest among men with HPC, who experienced a 2.3-fold
increase in risk for PC overall (RR, 2.30; 95% CI, 2.22 to
2.40). An FH of PC (FPC), HBOC, and LS all were asso-
ciated with an increase in risk, albeit more modestly (RRs,
1.81 [95% CI, 1.76 to 1.86], 1.47 [95% CI, 1.43 to 1.50],
and 1.16 [95% CI, 1.12 to 1.19], respectively). Generally,
the greatest risk associated with any FH was for early-onset
disease. HPC was associated with a near 4-fold increase in
risk for early-onset PC (RR, 3.93; 95% CI, 3.33 to 4.61).
HPC also was associated with higher risks for both lethal PC
(RR, 2.21; 95% CI, 1.95 to 2.50) and clinically significant
disease (RR, 2.32; 95% CI, 2.17 to 2.48). Overall, modest
elevations in risk were associated with LS, with a 34%
increase in risk for early-onset disease (RR, 1.34; 95% CI,
1.18 to 1.52) and a small increase in risk for clinically
significant disease (RR, 1.15; 95% CI, 1.10 to 1.21).

Given the notable elevation in PC risk observed in HPC
families, we evaluated how each of the 3 definitions of

TABLE 1. Study Criteria for Hereditary Breast and Ovarian Cancer Family History

FDR or SDR with breast cancer diagnosed # 45 yo

FDR or SDR with breast cancer diagnosed # 50 yo with $ 2breast primaries

FDR or SDR to an index patient with breast cancer diagnosed # 50 yo and at
least a TDR (on same side as index patient with breast cancer) with

$ 1 breast cancer any age

$ 1 pancreatic cancer

$ 1 clinically significant PC

FDR or SDR with triple negative breast cancer diagnosed , 60 yo

FDR or SDR to an index patient with breast cancer diagnosed any age and at least
a TDR (on same side as patient with breast cancer) with

$ 2 breast, pancreatic or clinically significant PC

$ 1 breast cancer diagnosed # 50 yo

$ 1 ovarian cancer

$ 1 male breast cancer

FDR or SDR with ovarian cancer

FDR or SDR with male breast cancer

FDR or SDR to an index patient with clinically significant PC and at least a TDR
(on same side as index patient) with

$ 1 ovarian cancer

$ 1 breast cancer diagnosed , 50 yo

$ 2 breast, pancreatic, or clinically significant PC

FDR or SDR to an index patient with pancreatic cancer and at least a TDR (on
same side as index patient) with

$ 1 ovarian cancer

$ 1 breast cancer diagnosed # 50 yo

$ 2 breast, pancreatic, or clinically significant PC

NOTE. Adapted from NCCN Guidelines, version 2, 2017, for BRCA-Related
Breast and/or Ovarian Cancer Syndrome: BRCA1/2 Testing Criteria.20

Abbreviations: FDR, first-degree relative; PC, prostate cancer; SDR, second-
degree relative; TDR, third-degree relative; yo, years old.
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HPC ($ 3 first-degree relatives with PC; $ 3 affected
relatives spanning 3 generations out to third-degree rela-
tives and all on same side [eg, a paternal grandfather,
father, and brother]); and $ 2 first- or second-degree
relatives diagnosed with PC at age # 55 years) affected
an individual’s risk for PC (Table 5). The most common
HPC criteria was $ 3 affected relatives spanning 3 gen-
erations (n = 11,104), whereas the other 2 criteria were
uncommon. Men with $ 3 affected first-degree relatives
(n = 2,618) or men with . 1 first-degree and/or second-
degree relative with PC (n = 893) had increased risks for
being diagnosed with early-onset PC: 8.72 (95% CI, 6.60 to
11.5) and 8.92 (95% CI, 6.07 to 13.1), respectively.

DISCUSSION

To our knowledge, this is largest study to date about RR of
PC associated with pedigree characteristics indicative of
hereditary cancer syndromes. We observed that charac-
teristics consistent with HPC in the family were associated
with the greatest risk of PC, irrespective of clinical subtype,
followed by FPC, HBOC, and LS. Furthermore, risk esti-
mates generally were highest for early-onset disease, es-
pecially for men in families with HPC or FPC. The highest
risks for lethal and clinically significant PC also were

observed in HPC families (RRs, 2.21 and 2.32, re-
spectively). This result was unexpected, given reports of
DNA repair gene mutations (eg, BRCA1/2 and mismatch
repair genes) in men with metastatic PC.22,23 Prior research
using families with HPC for susceptibility gene identification
have been partially unsuccessful, because clinical het-
erogeneity of disease often was ignored. This observation
also suggests a renewed focus on families with HPC by
specifically segregating the lethal phenotype for gene
discovery research.

Our results are consistent with the larger body of literature
estimating PC risk as a function of family cancer history.
Genetic variants have been notoriously difficult to replicate
across studies, with only a few exceptions. The G84E
mutation in HOXB13 was first discovered in a linkage study
of PC families, with near complete cosegregation of the
mutation with disease in these families.24 The strongest
estimates of risk were observed among men with early-
onset disease.24 The mutation is considered moderately
penetrant, with a 4- to 5-fold increase in risk for PC.25-27

However, the G84Emutation is observed almost exclusively
in populations of European descent, occurs in less than 2%
of men, and has not been linked consistently to aggressive
disease; thus, its use for genetic screening, at least in the
general population, is limited.24,28,29

The breast cancer geneBRCA2 also has been implicated in
PC, particularly in HBOC families. The reported frequency
of BRCA2 mutations ranges from 1.3%-3.2% depending
on the study design and population.30 Unlike HOXB13, the
function of BRCA2 and its importance in DNA repair are
well known. Mutations in BRCA2 are associated with more
aggressive PC clinical features, mortality, and response to
poly (ADP-ribose) polymerase inhibitors, so it is an ac-
tionable mutation.11,13,31 In fact, recommendations about
genetic testing for BRCA2 mutations in the context of PC
are emerging from specific national consensus panels.32

In addition to these rare moderately to highly penetrant
mutations, genome-wide association studies have identi-
fied approximately 100 common loci that associate with
PC and have validation in independent cohorts that ex-
plain an estimated 30% of familial PC risk.7 Although
these loci have associations with PC at a high level of
statistical significance, the magnitude of risk remains
modest. In many cases, the functional significance of
identified genome-wide association study variants re-
mains unclear, with ongoing efforts at functional
annotation.33,34 Furthermore, no common variants have
been consistently associated with PC-specific survival,35

which is an important factor for the clinical use of germline
variants in informing management. Nevertheless, poly-
genic genetic risk scores using single-nucleotide poly-
morphisms consistently associated with PC increasingly
are being used to help stratify populations and identify
intermediate to high risks according to FH.36

TABLE 2. Study Criteria for LS

A man with an FDR or SDR diagnosed with CRC , 50 yo

A man with an FDR or SDR with CRC and another LS cancer

Amanwith an FDR or SDRwith CRC and at least 1 TDR (or closer) with CRC or LS
cancer diagnosed , 50 yo on the same side

Aman with an FDR or SDRwith LS cancer diagnosed, 50 and at least 1 TDR (or
closer) with CRC on the same side

Amanwith an FDR or SDRwith LS cancer and at least 1 TDR (or closer) with CRC
diagnosed , 50 yo on the same side

A man with an FDR or SDR with CRC and at least 2 TDR (or closer) with a LS
cancer (all on same side)

A man with an FDR or SDR with a LS cancer, at least 1 TDR (or closer) with CRC,
and at least 1 TDR (or closer) with a LS cancer (all on same side)

NOTE. Adapted from the Revised Bethesda Guidelines for Lynch Syndrome
(LS).21 Only malignant Lynch-associated cancers were evaluated; benign Lynch-
associated tumors were not evaluated. LS cancers: colorectal, ovarian, pancreatic,
ureter/renal pelvis, brain, biliary tract, endometrial, small intestine, sebaceous
carcinoma, stomach.
Abbreviations: CRC, colorectal cancer; FDR, first-degree relative; SDR, second-

degree relative; TDR, third-degree relative; yo, years old.

TABLE 3. Prevalence of PC in Study Population, Overall and by PC Subtype

PC Subtype No. of Patients
Prevalence

(% of all included men)

All qualifying PCs 36,360 5.87

Early-onset PC (# 55 yo) 2,561 0.41

Lethal PC 4,044 0.65

Clinically significant PC 15,201 2.45

Abbreviations: PC, prostate cancer; yo, years old.
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This study adds to the existing body of literature by using
data from the UPDB and UCR. These unique resources
have been used before to evaluate the RRs of PC among
men with different FH patterns of PC. In a study by
Albright et al,37 the overall PC rate was 2.85% in men with
sufficient information in 3 vertical generations (n =
635,443). The RR for men with 1 affected first-degree
relative was approximately 2.5-fold, with increases to
nearly 4-fold for 4 affected first-degree relatives. A sub-
sequent study led by the same team observed similar risk
trends in examining lethal PC.38 These investigations did
not consider the impact on early-onset disease or other
familial cancer syndromes that include PC. The obser-
vation in our study that men with either 3 first-degree
relatives with PC or 2 first- or second-degree relatives
diagnosed with early-onset PC had a more than 8-fold
increase in the diagnosis of early-onset PC is important
and merits replication in other studies, because this
confirmation would affect the age at which PC screening
should be initiated.

The study has notable strengths, including its large sample
size, which allowed for relatively precise estimates of risk in
the evaluation of rare pedigree phenotypes (HBOC, LS).
The linkage of UPDB and UCR is a unique resource to
study well-characterized family pedigrees with lengthy and
complete follow-up for postdiagnostic outcomes. We
chose to focus our investigation on men age $ 40 years,

recognizing that PC diagnoses at age , 40 years are ex-
ceedingly rare in the general population, even among
families demonstrating a predisposition to disease.

The study also has several limitations. First, PSA data
were not available for UPDB participants. In the Selenium
and Vitamin E Cancer Prevention Trial (SELECT), men
with a FH of PC were more likely undergo a prostate
biopsy even after adjusting for PSA levels and DRE results
which increased the likelihood of being diagnosed with
prostate cancer.39 Although analysis of PSA screening
could not be assessed, it is important to note that 23% of
patients with PC in our study were diagnosed before
1990, thus reflecting clinical diagnoses. Furthermore,
Bratt et al40 showed that men with an FH of PC have an
increased risk for all forms of PC, including high-risk
disease. Our analysis showed an elevation in risk for
diagnosis of clinically significant disease that is similar to
the risk for diagnosis of any PC (Table 4), which mitigates
the concern that excess PSA screening in men with an FH
of PC resulted in inflated PC risks according to the
identification of men with low-risk disease. Also, genetic
data are not currently available on UPDB participants, so
the impact of known susceptibility genes cannot be
assessed. The Utah population with deep pedigree in-
formation is relatively homogenous with respect to race/
ethnicity, so these findings may not be generalizable to
nonwhite populations. The Gleason score was missing for

TABLE 4. Relative Risks for PC for Men with Different Family Cancer Histories, by PC Subtypes

Family Cancer History No.a %

Outcome

Any PC Early Onset PC Lethal PC
Clinically Significant

PC

RR 95% CI RR 95% CI RR 95% CI RR 95% CI

HPC 13,499 2.18 2.30 2.22 to 2.40 3.93 3.33 to 4.61 2.21 1.95 to 2.50 2.32 2.17 to 2.48

FPC 77,078 12.44 1.81 1.76 to 1.86 3.38 3.05 to 3.75 1.70 1.57 to 1.83 1.79 1.72 to 1.87

HBOC 145,650 23.51 1.47 1.43 to 1.50 2.05 1.86 to 2.25 1.39 1.30 to 1.50 1.47 1.42 to 1.53

LS 62,431 10.08 1.16 1.12 to 1.19 1.34 1.18 to 1.52 1.08 0.98 to 1.18 1.15 1.10 to 1.21

NOTE. All RRs were significantly different from 1 at P , .001 except the risk of lethal PC on the basis of a family history of Lynch syndrome
(P = .116).

Abbreviations: FPC, familial prostate cancer; HBOC, hereditary breast and ovarian cancer; HPC, hereditary prostate cancer; LS, Lynch
syndrome; PC, prostate cancer; RR, relative risk.

aNo. indicates the number of men with a positive family cancer history.

TABLE 5. Relative Risks for PC for Men Meeting the Different Criteria for Hereditary PC by PC Subtypes

HPC Criteria No.a %

Any PC Early-Onset PC Lethal PC
Clinically Significant

PC

RR 95% CI RR 95% CI RR 95% CI RR 95% CI

3 or more FDRs 2,618 0.42 2.86 2.69 to 3.04 8.72 6.60 to 11.5 3.02 2.55 to 3.57 2.87 2.59 to 3.17

3 relatives spanning 3 generations 11,104 1.79 2.12 2.02 to 2.23 3.21 2.67 to 3.87 1.97 1.69 to 2.28 2.11 1.95 to 2.28

$ 2 FDRs or SDRs with early-onset PC 893 0.14 2.83 2.51 to 3.19 8.92 6.07 to 13.1 2.65 1.84 to 3.81 2.84 2.34 to 3.45

Abbreviations: FDR, first-degree relative; HPC, hereditary prostate cancer; PC, prostate cancer; RR, relative risk; SDR, second-degree relative.
aNo. indicates the number of men meeting the criteria.
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more than 70% of patients, so classification of clinically
significant disease relied on stage at diagnosis and/or
cause of death, introducing the potential for mis-
classification. Finally, as in all studies of FH, the expo-
sures of interest are not static, so changes in FH during
the study are not considered.

In conclusion, results from this investigation indicate that
pedigrees exhibiting HPC and other hereditary cancer
syndromes predict risk of PC, particularly early-onset dis-
ease. Future studies using 3 pedigree phenotypes will be
critical for the discovery of new PC susceptibility genes that
can be used in genetic screening and risk assessment.
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