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BACKGROUND. The definition of hereditary prostate cancer (HPC) is based on family
history and age at onset. Intuitively, HPC is a serious subtype of prostate cancer but there are
only limited data on the clinical phenotype of HPC. Here, we aimed to compare the prognosis
of HPC to the sporadic form of prostate cancer (SPC).

METHODS. HPC patients were identified through a national registry of HPC families in the
Netherlands, selecting patients diagnosed from the year 2000 onward (n = 324). SPC patients
were identified from the Netherlands Cancer Registry (NCR) between 2003 and 2006 for a
population-based study into the genetic susceptibility of PC (n=1,664). Detailed clinical data
were collected by NCR-registrars, using a standardized registration form. Follow-up
extended up to the end of 2013. Differences between the groups were evaluated by cross-
tabulations and tested for statistical significance while accounting for familial dependency of
observations by GEE. Differences in progression-free and overall survival were evaluated
using x” testing with GEE in a proportional-hazards model.

RESULTS. HPC patients were on average 3 years younger at diagnosis, had lower PSA values,
lower Gleason scores, and more often locally confined disease. Of the HPC patients, 35% had
high-risk disease (NICE-criteria) versus 51% of the SPC patients. HPC patients were less often
treated with active surveillance. Kaplan-Meier 5-year progression-free survival after radical
prostatectomy was comparable for HPC (78%) and SPC (74%; P=0.30). The 5-year overall
survival was 85% (95%CI 81-89%) for HPC versus 80% (95%CI 78-82%) for SPC (P = 0.03).
CONCLUSIONS. HPC has a favorable clinical phenotype but patients more often under-
went radical treatment. The major limitation of HPC is the absence of a genetics-based
definition of HPC, which may lead to over-diagnosis of PC in men with a family history of
prostate cancer. The HPC definition should, therefore, be re-evaluated, aiming at a reduction
of over-diagnosis and overtreatment among men with multiple relatives diagnosed with PC.
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INTRODUCTION

Prostate cancer (PC) poses a major burden to
society. It is the most frequently diagnosed cancer
among Western males [1]. If detected at an early stage,
PC can be treated curatively. Serum prostate-specific
antigen (PSA), available since 1987, is the only
commonly used test for early detection of PC [2]. In
the Netherlands, the general practitioners’ guidelines
on prostate cancer testing require detailed counseling
about its pros and cons. As opposed to the general
population (in which predominantly sporadic
PC-SPC-occurs), where overtreatment due to PSA
testing is assumed to outweigh the proven mortality
benefit, PSA testing is advised to men in families with
hereditary PC (HPC) [3,4]. It is not entirely clear,
however, what the basis is for this advice.

In the Netherlands, the only genetic tests when a
high-penetrance genetic predisposition for PC is sus-
pected, are tests for BRCA2 mutations and, in some
centers, a HOXB13-variant. Because these and other
HPC-related mutations are rare and explain only a
small proportion of HPC families, the tests are not
widely used. As a result, the definition of HPC is still
based on family history and age at onset only [5].
HPC is defined as PC detected in at least (i) three
first-degree relatives; (ii) two first- or second-degree
relatives diagnosed before the age of 55; or (iii) three
consecutive generations. Since the introduction of this
definition in 1993, the increase in opportunistic PSA
testing, is even more marked among family members
of PC patients [6]. This may have led to an increase in
the detection of relatively many “low-risk” PCs within
families. As a consequence, an increasing part of the
HPC families might represent clusters of PC due to
increased PSA testing instead of high-penetrance
genetic predisposition. This is supported by the
findings of two recent studies that showed that the
same low-penetrance genetic risk variants are found
in SPC and HPC [7,8]. Even more so, screening
studies among unaffected men in HPC families did
not find an increased risk of PC [9,10]. These observa-
tions might also lead to the conclusion that HPC
patients have a relatively favorable prognosis, while
intuitively it is the more “serious phenotype” of PC.
Only a few studies, all comprising series from the pre-
PSA era, have specifically reported on the clinical and
prognostic characteristics of HPC. They did not
identify any differences in staging, grading, or prog-
nosis [11,12]. If the clinical phenotype of PC in HPC-
families is indeed similar or, given the increase in
prostate cancer case finding since the introduction of
PSA, even favorable as compared to SPC, the current
management of HPC families might need to be
revised. It would indicate a need for focusing on

The Prostate

prevention of over-diagnosis in men with a positive
family history. In this study, we aimed to evaluate
whether clinical phenotype differences exist between
HPC and SPC diagnosed in the PSA era.

MATERIALS AND METHODS
HPC Patients

The Netherlands Foundation for the Detection of
Hereditary Tumours (NFDHT) holds a nation-wide
registry of Dutch HPC-families. The NFDHT-registry
is clinician-driven, that is, all probands of families
have been referred by a physician who suspects HPC
based on family history taking. After referral, a
genetic registrar contacts the family and collects
pedigree and medical data for all PC patients. All
affected men are asked to provide written informed
consent for access to their medical files to confirm the
diagnoses. For men who are already deceased before
registration, their next of kin are requested to provide
informed consent.

For this study (conducted as part of the European
Union 7th Framework Programme “ProMark: genetic
PC variants as markers of disease progression”), all
HPC-families registered until June 2011 were con-
tacted (196 families, reporting 869 HPC patients, 676
of whom were confirmed by medical file review). The
NFDHT data were expanded by extracting standard
diagnostic data from the Netherlands Cancer Registry
(NCR) and by medical file review. The medical file
review was performed by the registrars of the NCR
held by the Netherlands Comprehensive Cancer
Organisation (IKNL) using a standardized registra-
tion form.

SPC Patients

From 2003 to 2006, all men up to 75 years of age
who were newly diagnosed with PC in the catchment
area of the Netherlands Cancer Registry (NCR),
location Nijmegen, were selected from the NCR to
participate in the European Union 6th Framework
Programme-funded Polygene study, which has been
described in more detail before [13]. In short, for this
study into the genetic susceptibility of PC, detailed
clinical information was collected from medical files
from a population-based series of PC patients
(n=1,664). In 2013, additional data were gathered for
all these men by the registrars of the NCR, using an
identical form as in the aforementioned data collec-
tion for HPC patients.

The completed data set for both groups comprised
PC diagnostics, clinical, and postsurgical TNM-stage
and Gleason grade (or WHO grade if Gleason score
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was not reported), primary and salvage therapies,
disease progression, and vital status. The patients
were stratified by PC aggressiveness, according to
the 2014 NICE-classification, which is similar to the
d’Amico classification: high-risk =all PC with lymph
node or distant metastasis and PC with the following
characteristics: >cT2c, PSA > 20, or biopsy Gleason
score > 8; intermediate risk=PC without high-risk
features and with cT2b, PSA 10-20ng/ml, or biopsy
Gleason score =7; low-risk = PC without high-risk or
intermediate-risk features [14,15]. For patients with an
unknown Gleason score, WHO-grade > 3 was consid-
ered as a criterion for high-risk, WHO-grade 2 for
intermediate-risk, and WHO-grade 1 for low-risk PC.
The study protocols were approved by the Institu-
tional Review Board of the Radboud University
Medical Center.

Statistical Analysis

To improve the comparability of the HPC and SPC
patients, only the HPC patients who were diagnosed
in the year 2000 or later (i.e., the PSA era) and who
were 75 years of age or younger at diagnosis were
selected. A total of 324 out of the 676 confirmed
HPC patients met these criteria. For three patients,
no clinical data could be retrieved (two because they
were diagnosed abroad, one because the medical
file was already destroyed), leaving 321 HPC patients
available for analysis. All 1,664 SPC patients were
included in the analysis. Differences between the
two groups were evaluated by cross-tabulations.
To account for familial dependence within the HPC
data, x* tests and Mixed Models using Generalized
Estimating Equations (GEE) were performed to test
for differences in categorical and continuous varia-
bles, respectively. Progression after radical prosta-
tectomy (RP) was defined as two separate serum
PSA measurements > 0.2ng/ml, histologically con-
firmed recurrence, initiation of salvage treatment
(started in the absence of “formal” recurrence) or
metastasis. To evaluate differences in Kaplan-Meier
progression-free and overall survival, we performed
GEE analyses with a proportional hazards-model.
Relative survival as an alternative for PC-specific
survival was calculated as the ratio of the survival
per patient group to the survival in the age- and
gender-matched Dutch population. To examine the
possible effect of age on this analysis, relative
survival was also calculated stratified by age (age at
diagnosis <55, 55-65, and 65-75 years of age).
Where appropriate, 95% confidence intervals (95%
CI) were calculated. Data analyses were performed
using SAS software (SAS system 9.3, SAS Institute,
Cary, NC).

RESULTS

The mean age of the HPC patients was 62.8 years
versus 65.6 years for SPC (mean difference 2.7 years,
95%CI 1.8-3.7 years) (Table I). HPC patients had
lower pre-diagnostic serum PSA values, for example,
18% of the HPC patients had a serum PSA >20ng/ml
versus 29% of SPC (P=0.02). The HPC patients less
often had locally extended disease (cT-stage > T3:
12.8% vs. 23.1% of the SPC patients, P < 0.01) and less
often presented with lymph node (5.0% vs. 8.3%,
P=0.04) or distant metastases (6.2% vs. 9.1%,
P =0.09). Gleason scores were more often unknown
for HPC patients (21% vs. 8%). When recoding the
WHO-grades into Gleason scores, HPC patients more
often had low-risk disease according to the NICE-
classification: 34% versus 21%. Also, HPC patients
less often had high-risk disease: 38% versus 51%
(P <0.01).

Despite the favorable stage and grade distribution,
HPC patients were less often treated with active
surveillance: 7% versus 14% (Table II). Most often, they
underwent localized radical treatment: 41% underwent
a RP and 21% received RT versus 36% and 11%,
respectively, of the SPC patients. HPC patients less
often received hormonal therapy (HT) as monotherapy.

The median follow-up was 66 months for HPC
patients and 94 months for SPC patients. Biochemical
recurrence rates after RP were comparable (Table II),
with a 5-year progression-free survival of 78% for
HPC versus 74% for SPC (P =0.30). The 5-year overall
survival was 85% (95%CI 81-89%) for HPC and 80%
(95%CI 78-82%) for SPC. The 5-year relative survival
was 98% (95%CI 94-100%) for HPC and 90% (95%CI
88-92%) for SPC (P < 0.01). When stratifying by age,
this advantage for HPC was present only in men
diagnosed under 65 years of age (Fig. 1).

DISCUSSION

We found that in the Dutch population, HPC
patients were diagnosed at a younger age. This is
logical considering one of the criteria for HPC is age-
related and it is consistent with previous reports
[11,12]. As men in HPC families are intuitively
expected to be at risk for early onset, aggressive PC,
men in “HPC families” are advised to undergo annual
PSA screening between 50 and 75 years of age in the
Netherlands [3]. This means that the screening advice
itself can lower the average age at PC diagnosis. A
similar phenomenon could occur if the first PC patient
in a family is one of the older brothers. His younger
siblings might be more aware of PC, which could lead
to lower ages at diagnosis. It may also lead to the
detection of more non-aggressive PCs and eventually
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TABLE I. Clinical Characteristics of the HPC Patients and SPC Patients

HPC patients (N =321)

SPC patients (N = 1664)

N % N % Difference
Age at diagnosis® P<0.01°
40-45 1 0.3 3 0.2
45-50 9 3.1 15 0.9
50-55 30 9.3 70 42
55-60 69 215 245 14.7
60-65 88 274 336 20.2
65-70 66 20.6 471 28.3
70-75 58 18.1 524 315
Period of diagnosis -
2000-2002 86 26.8 -
2003-2005 132 41.1 1,524 91.6
2006-2008 79 24.6 140 8.4
2009-2011 24 7.5 - -
Mean age at diagnosis in years® 62.8 65.6 Mean difference 2.7 years
(95%CI 1.8-3.7 years)®
Method of diagnosis P<0.01°
Needle biopsy 297 92.5 1,503 90.4
TURP 8 2.5 111 6.7
(Cysto) prostatectomy 1 0.3 23 14
Unknown/other 15 47 27 1.6
Serum PSA at diagnosis (ng/ml) P=0.02°
<4 48 14.9 170 10.2
4-10 134 41.7 653 39.2
10-20 62 19.3 342 20.6
>20 59 18.4 475 285
Unknown 18 5.6 24 14
cTNM-stage
cT1 120 374 622 374 P=0.02°
cI2 138 43.0 601 36.1
T3 34 10.6 333 20.0
cT4 7 2.2 52 3.1
cT0/Tx 22 6.9 56 3.4
c¢NO/Nx 305 95.0 1,526 91.7 P<0.01°
cN+ 16 5.0 138 8.3
cMO/Mx 301 93.8 1,513 90.9 P=0.09"
cM1 20 6.2 151 9.1
Gleason score biopsy P=0.30°
2-6 187 58.3 979 58.8
7 42 13.1 325 19.5
8-10 24 7.5 222 13.3
Gleason score unknown: 68 21.2 138 8.3
(WHO grade 1) 22 6.9 51 3.1
(WHO grade 2) 16 5.0 21 1.3
(WHO grade 3/4) 4 1.2 5 0.3
(WHO grade unknown) 26 8.1 61 3.7
NICE-risk stratification® P<0.01°
Low-risk PC 109 34.0 349 21.0
Intermediate risk PC 90 28.0 462 27.8
High-risk PC 122 38.0 853 51.3

95%ClI, 95% confidence interval; HPC, hereditary prostate cancer; PC, prostate cancer; PSA, prostate-specific antigen; SPC, sporadic
prostate cancer; TURP, trans-urethral resection of the prostate.

“The maximum age for inclusion in this study was set at 75 years of age, according to the Polygene study.
Py? test using generalized estimating equations to test for differences between categorical variables.

“Mixed model using generalized estimating equations used to test for differences between normally distributed continuous variables.
9PC risk stratification based on the 2014 NICE-guidelines. High-risk PC = all PC with lymph node or distant metastasis and localized
PC with any or more of the following characteristics: cT > T2¢, PSA > 20 or biopsy Gleason score > 8; intermediate risk PC =localized
PC without any of the high-risk features and with ¢T =T2b, PSA 10-20ng/ml or biopsy Gleason score =7; low-risk PC = localized PC
without any high-risk or intermediate-risk features, that is, cT1-T2a, PSA <10ng/ml and biopsy Gleason score < 6. If the Gleason
score of the biopsy was not reported/unknown, a WHO grade >3 was considered as a criterion for high-risk PC, WHO grade 2 was
considered a criterion for intermediate-risk PC and WHO grade 1 as considered a criterion for low-risk PC, if available.
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TABLE Il. Treatment Characteristics and Prognosis of the HPC and SPC Patients
HPC patients (N =321) SPC patients (N =1,664) Difference
Primary treatment
Active surveillance 22 6.9 227 13.7
Localized therapy
RP 130 40.5 600 36.1
Cryotherapy - 3 0.2
Radiation therapy 66 20.6 183 11.0
EBRT 34 10.6 123 7.4
Brachytherapy 32 10.0 60 3.6
RP +RT 2 0.6 5 0.3
Systemic therapy
RP+HT 5 1.6 16 1.0
EBRT +HT 50 15.6 288 17.3
HT monotherapy 37 11.5 323 194
Chemotherapy - - 1 0.1
Other therapy - - 3 0.2
Unknown 8 25 15 0.9
Progression after RP®
5-year progression-free survival 78% (95%CI 71-86%) 74% (95%CI 69-77%) P=0.30°
Survival
5-year overall survival 85% (95%CI 81-89%) 80% (95%CI 78-82%) P=0.03"
5-year relative survival 98% (95%CI 94-100%) 90% (95%CI 88-92%)

EBRT, external-beam radiation therapy; HT, hormonal therapy; RP, radical prostatectomy; RT, radiation therapy.

“Progression after RP was defined as the occurrence of any of the following events: biochemical recurrence, that is, two serum PSA
measurements > 0.2ng/ml; histological evidence of local recurrence; initiation of salvage treatment (e.g., radiation therapy) without
documented evidence of biochemical recurrence; detection of metastatic disease.

"% testing with generalized estimating equations in a proportional-hazards model was used to test for differences in survival.

even a HPC “diagnosis” [16]. The younger age at
diagnosis was accompanied by a beneficial clinical
phenotype of HPC, as can be illustrated by the lower
percentage of high-risk disease (38% vs. 51%). One
should bear in mind that, if the Gleason score was not
available, the WHO-grade was used for NICE-risk
stratification. This may have led to small differences,
as a higher percentage of the HPC patients had an
unknown Gleason score (21% vs. 8%). This was
probably due to the fact that part of the HPC patients
was diagnosed between 2000 and 2003, when WHO-
grading was still the standard. Because a central
pathology revision was not performed, we preferred
to use the WHO-grade as a surrogate for the Gleason
score, instead of leaving Gleason score “missing.”
HPC patients were less often treated with active
surveillance. This is remarkable, as more HPC
patients were eligible for this option according to the
risk classification (34% low-risk disease vs. 21% for
SPC). One explanation for this could be that active
surveillance was not yet commonly advised as a
therapy option in the beginning of the 21st century
(2000-2002). Another explanation may be that men in
HPC families were more inclined to undergo radical
treatment, that is, they might have been more afraid
of dying from PC or they have close relatives with

good experiences of a specific treatment. The role of
the urologist could also be of importance, although
we are not aware of any specific data on this topic.
Interestingly, brachytherapy was chosen more often
by HPC patients (10% vs. 4%). It could be that this
relatively low-impact treatment (as compared to RP)
was chosen as an alternative for active surveillance
for low-risk HPC patients.

No differences were seen in progression-free sur-
vival after RP. Unfortunately, the absolute numbers
were too small to evaluate progression after other
local therapies (including RT). Remarkably, for HPC,
the relative survival in patients diagnosed under
65 years of age was superior to SPC. This might be the
result of extensive and early PSA testing, which is
known to happen particularly within families [6].

Unfortunately, we were not able to stratify the SPC
cohort into men with and without a family history of
PC, that is, “familial PC” (FPC) and “true” SPC, as the
questionnaire covering this item was only completed
by 956 of the 1664 Polygene-participants at a later
stage of the study in 2008. In an attempt to deal with
this, family history was included as an item in the
clinical data collection, but it appeared not to be
reported in the medical files in a remarkably high 75%
of the cases. An exploratory analysis of the 956 SPC
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patients who completed the questionnaire identified a
beneficial stage distribution for the 210 men with
FPC, which would be in line with the overall results
in this study (FPC vs. SPC: cT>T2c 28% vs. 37%
[P=0.06]; cN+ 4% vs. 8% [P =0.06]; cM+ 3% vs. 5%
[P=0.22]). The differences were not statistically sig-
nificant though, and the Gleason score distribution
was similar (data not shown).

Another limitation of this study is the relatively
short median follow-up of 5 years for HPC patients
and 8 years for SPC patients. Although the survival
analyses take the differences in length of follow-up
into account, obviously, longer follow-up is required
to see whether the suggested observations for the
patients with longer follow-up will also hold for the
rest of the group.

A possible further limitation of this study is that
the HPC cases and SPC cases came from different
catchment populations: the whole country and the
Nijmegen region, respectively. We can, therefore, not
exclude that regional differences in treatment prefer-
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ence have caused differences in treatment choice
between the two groups. These treatment preferences
can be either urologist-based, but also family-based.
Particularly if the proband has had a positive treat-
ment outcome with his treatment of choice, one might
expect to see similar treatment choices within a HPC
family. This could be one of the possible explanations
for the relatively low number of HPC patients treated
with “active surveillance.”

Recent studies showed that SPC and HPC were
largely similar with respect to the prevalence and
associated risks for known low-penetrance genetic
variants [7,17,18]. Most of these studies focused on
the potential of these single nucleotide polymor-
phisms (SNPs) to aid in the identification of men at
increased risk of PC, concluding that the SNPs also
explain part of the PC risk in familial PC (FPC) or
HPC. Much fewer studies have reported in detail on
the clinical phenotype of HPC. A literature search
(November 2015) in PubMed identified only two
original (non-review) articles on prognosis of FPC
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and HPC [11,12]. Gronberg et al. evaluated the
prognosis for 241 familial PC cases as compared to
304 non-familial cases, whereas Bratt et al. evaluated
201 HPC patients and 402 age-matched controls with
non-hereditary PC. Both found no differences with
respect to tumor grade, initial therapy, or overall and
prostate-cancer specific survival. To our knowledge,
the current analysis is the largest and only PSA era
study into the clinical characteristics of HPC. Given
our results and the results of the literature search, we
conclude that there is no convincing evidence that
HPC is more aggressive than SPC.

Obviously, in a certain proportion of HPC families,
aggressive PC is highly prevalent. In these families, it
is important to provide timely PC counseling and
screening. Even more so, in families with many high-
risk PCs, testing for BRCA2- and HOXB13-mutations is
more and more becoming the standard of care. Low-
penetrance markers have been discovered that also
appear to play a role in HPC, although the proportion
of HPC that is attributable to known variants in these
genes is small. Because of this fact and the diagnostic
dilemma’s as discussed before, HPC appears to be a
multifactorial disease more than anything else [10]. In
families in which mainly asymptomatic low-risk PCs
are diagnosed, it is doubtful whether family members
benefit from increased PC awareness, diagnostics, and
treatment. Therefore, in the absence of a genetic test for
HPC, we suggest that HPC might be redefined. The
focus should move from the number of affected
relatives to the phenotype of the PCs within a family.
One suggestion could be to ignore all patients with
low-risk PC (i.e.,, <cT2b stage and Gleason score <6
and PSA <10) as well as patients with localized
prostate cancer with an estimated life-expectancy of
less than 10 years. On the other hand, in families with
only one or two male siblings, the minimum number
of PC cases to consider PC testing for offspring might
have to be ignored if the PC phenotype is very
aggressive. In the future, this phenotypic definition of
HPC may be replaced by a genetic definition, if a
comprehensive genetic PC-test including all known
high-risk mutations as well as the PC susceptibility
SNPs would become available and proves to be useful
in clinical practice [19,20]. Although the currently
performed research cannot be used to provide direct
evidence for these suggestions, we feel that the results
of this study into the phenotypic differences between
SPC and HPC warrants a critical review of the
usefulness of the current HPC definition.

CONCLUSIONS

HPC in the PSA era has a beneficial clinical
phenotype as compared to SPC, emphasizing the

need for an incorporation of the clinical phenotype
into the HPC definition. This might reduce over-
diagnosis and overtreatment among men with multi-
ple relatives diagnosed with PC.
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