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ABSTRACT
Introduction: Unsystematic screening for prostate
cancer (PCa) is common, causing a high number of
false-positive results. Valid instruments for assessment
of individual risk of PCa have been called for.
A DNA-based genetic test has been tested
retrospectively. The clinical use of this test needs
further investigation. The primary objective is to
evaluate the impact on the use of prostate-specific
antigen (PSA) tests of introducing genetic PCa risk
assessment in general practice. The secondary
objectives are to evaluate PCa-related patient
experiences, and to explore sociocultural aspects
of genetic risk assessment in patients at high PCa risk.
Methods and analysis: The study is a clusterrandomised, controlled intervention study with practice
as the unit of randomisation. We expect 140 practices
to accept participation and include a total of 1244
patients in 4 months. Patients requesting a PSA test in
the intervention group practices will be offered a
genetic PCa risk assessment. Patients requesting a
PSA test in the control group practices will be handled
according to current guidelines. Data will be collected
from registers, patient questionnaires and interviews.
Quantitative data will be analysed according to
intention-to-treat principles. Baseline characteristics will
be compared between groups. Longitudinal analyses
will include time in risk, and multivariable analysis will
be conducted to evaluate the influence of general
practitioner and patient-specific variables on future PSA
testing. Interview data will be transcribed verbatim and
analysed from a social-constructivist perspective.
Ethics and dissemination: Consent will be obtained
from patients who can withdraw from the study at any
time. The study provides data to the ongoing
conceptual and ethical discussions about genetic risk
assessment and classification of low-risk and high-risk
individuals. The intervention model might be applicable
to other screening areas regarding risk of cancer with
identified genetic components, for example, colon
cancer. The study is registered at the ClinicalTrials.gov
(Identifier: NCT01739062).

ARTICLE SUMMARY
Article focus
The objectives of this study are
▪ To evaluate the impact on the use of prostatespecific antigen (PSA) tests of introducing
genetic prostate cancer (PCa) risk assessment in
general practice.
▪ To evaluate PCa-related patient experiences.
▪ To explore sociocultural aspects of genetic PCa
risk assessment in patients at high PCa risk.

Key messages
▪ Use of PSA tests in unsystematic screening for
PCa increases the risk of overdiagnosis and overtreatment of indolent cancers. Valid instruments
for individual PCa risk assessment have been
called for.
▪ Retrospective studies of genetic PCa risk assessment have shown promising results in stratifying
high-risk and low-risk individuals.
▪ Use of genetic PCa risk assessment may reduce
the number of low-risk individuals who get
screened unsystematically.

BACKGROUND
Prostate cancer (PCa) is the most common
cancer type among men in Europe.1 The
strongest risk factors are old age, positive
family history and black race.2 PCa is associated with increased production of the
serum marker prostate-speciﬁc antigen
(PSA). The preferred method for early detection of PCa in older men with a family history
of PCa is the PSA test, although the method is
imprecise.3 4 Nearly 1055 men need to
undergo PSA screening and 37 PCa cases
need to be detected in order to prevent one
death from PCa.5 Treatment options include
surgery, radiotherapy and hormone therapy,
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Strengths and limitations of this study
▪ The study adds a genetic component to an already existing
risk assessment tool for PCa which employs family history
taking.8 Thus, we expect to see an increase in the proportion
of patients stratified to high risk, and a reduction in the
number of patients stratified to low risk who get proceeded by
normal PSA test. If, on the contrary, patients stratified to low
risk continue to request preceded by normal PSA tests, the
overall consequence might be an unwanted increase in the
use of PSA tests. We expect, however, to see a decrease in
the number of low-risk patients requesting a preceded by
normal PSA test because the genetic risk assessment may
work as a decision support for unsure patients who are not at
high risk according to the conventional risk assessment tool
with family history taking.
▪ Screening for cancer has dominated the health policy debate
for several years.7 57 58 Recent studies have shown the limited
effects of general screening for PCa.4 5 13 59 New national
guidelines for screening with PSA tests in men with familial
disposition are likely to be introduced during the study period.
A more restrictive guideline may reduce the effect of introducing genetic risk assessment on the use of PSA, compared
between the intervention group and the control group.
▪ The study provides the opportunity to study cancer risk perception in male patients who have been under-represented in
the literature about cancer risk perception.33 60 In this way,
the study may contribute to the ongoing conceptual and
ethical discussions about genetic risk assessment and classification of high-risk individuals.47 61–64
▪ The project is based on the present Danish recommendation
to PSA test only men who have two close relatives with PCa,
which approximates a lifetime risk of 33%. A certain proportion of those recommended not to have a PSA test will be
diagnosed at a later stage with PCa, and a PSA test might
have led to an earlier diagnosis. In this project, we aim to
detect men who may benefit from systematic PSA tests. We
maintain a cut-off point of 33% lifetime risk before a patient is
recommended screening with PSA tests. This means that 10%
of those with a normal PSA will be recommended to have the
test done, whereas none of those with a normal PSA today are
currently recommended to be tested, unless they have two or
more close relatives with PCa. We know very little about the
benefits and disadvantages for this group of joining a screening programme. However, the alternative at the moment is that
26% of patients get a preceded by normal test and thus establish their own ad hoc PSA screening programme. In comparison, the approach taken by this study offers a systematic and
potentially better alternative and it should be rigorously
evaluated.

often followed by signiﬁcant complications such as sexual
dysfunction, urinary incontinence and lowered quality of
life.6 A systematic Cochrane review from 2011 showed
insufﬁcient evidence to support general screening for
PCa with current methods (PSA tests, digital rectal exam
and biopsies).7 General screening with PSA test has not
been recommended by most health authorities due to
the high number of false-positive results and the risk of
overdiagnosis as well as overtreatment, and in Denmark,
2

PSA screening is recommended only for men with a
minimum of two close relatives with PCa, which approximates a lifetime risk of 33% of being diagnosed with
PCa.8 In spite of this, up to 26% of all tests requested in
general practice can be categorised as ‘preceded by
normal’, meaning tests which are performed within
2 years after a normal test. Tests in this category may indicate unsystematic screening.9
By now, scientiﬁc advancement in genome-wide association studies has identiﬁed more than 40 genetic variants for PCa risk, the so-called single nucleotide
polymorphisms (SNPs). The individual risk of PCa accumulates with the increasing number of these variants.
The risk is doubled if a patient has familial disposition
as well. In retrospective studies, non-genetic risk prediction models were compared to risk prediction models
containing both non-genetic factors and SNP analyses.
The genetic models had a signiﬁcantly higher speciﬁcity
than the non-genetic models.10–12 It has been argued
that genetic PCa risk assessment could reduce the use of
PSA tests, saving it for patients at high risk of PCa.11 13 14
This genetic PCa risk assessment tool needs further
investigation in a clinical setting.
Previous studies have indicated that men are interested in receiving genetic PCa risk assessments.15–18
Men’s reactions to information about PCa family history
have shown no signiﬁcant long-term psychological distress, but the studies remain small and inconclusive.18–22
There is a vast literature on female-speciﬁc genetic
cancer risk assessment and its consequences for clinical
practice and female patient behaviour.23–28 Few studies
about male carriers of the BRCA1/2 gene associated
with breast cancer have been conducted.29–32 Studies in
related ﬁelds have shown a gendered difference in
health-related behaviour and perception of risk, indicating that men more than women worry about
health-related risks that inﬂuence work life and sexual
life.33–38 Thus, male-speciﬁc genetic cancer risk assessment is likely to be inﬂuenced by sociocultural contexts
not described in the current literature.
The main study hypothesis is that genetic information
about low risk of PCa can reduce the number of patients
who get a PSA test as part of unsystematic screening.

DESIGN AND METHODS
Setting
Denmark consists of 98 municipalities divided between 5
regions. Central Region Denmark has 19 municipalities
and 1.2 mio. inhabitants. It has ﬁve large somatic hospital
units, each comprising between two and ﬁve region hospitals or health centres. The Aarhus University Hospital is
the largest hospital unit, including 54 clinical departments and 12 research units. The Department of
Molecular Medicine (MOMA) runs research projects
related to PCa, bladder cancer and colon cancer, and performs molecular diagnostics. MOMA performs genetic
analysis and genetic risk assessment for PCa in this study.
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The Central Region Denmark has 420 general practices.
General practitioners (GPs) act as gatekeepers to the rest
of the healthcare system, except for certain specialist
medical services and emergencies. Healthcare is ﬁnanced
largely through taxes, and patients have free access to
medical service in general practice. It is mandatory for
GPs to use electronic patient records, and most test requisitions and test results are transferred electronically.39
Participants
The study will be a blocked cluster-randomised, parallel
group, controlled intervention study with practice as the
unit of randomisation (ﬁgure 1). The 420 general practices in Region Central Denmark will be invited to participate. One-third of the practices are expected to
accept participation. Blocking will be applied to assure
the best possible balance between groups with respect to
practice size (number of doctors). Randomisation will
be undertaken by a program developed by an independent statistician to ensure allocation concealment.
On an average, each practice makes approximately 41
PSA test requisitions per year.9 Two-thirds of the tests are
incident PSA tests or preceded by normal PSA tests.
Eligible for inclusion are all patients listed at the randomised practices who receive a PSA test within the
study period, unless subject to one of the following
exclusion criteria: age over 80 years; elevated PSA level
(>4 ng/ml) concurrently or within previous 2 years;
prostate or bladder disease; and PCa.
Patients of East-Asian or Afro-American descent or
those unable to speak or read Danish (as assessed by the
GP) will not be offered the genetic risk assessment
regardless of the randomisation group, but will be
included in the intention-to-treat analysis as well as
patients declining to participate. In all, 75% of the
patients in the group randomised to intervention are
expected to actually receive the genetic risk assessment.

Intervention
The recommendation in the genetic PCa risk assessment
reply is based on the present Danish recommendation
to screen only individuals who have two close relatives
with PCa which is associated with a 33% lifetime risk of
being diagnosed with PCa, deﬁned as high risk.8 In this
study, low-risk patients (with a risk below 33%) will be
discouraged from getting PSA tests in the future, if not
otherwise indicated. Patients with two close relatives with
PCa and patients with a high genetic risk (>33%) will be
encouraged to receive regular PSA tests, that is,
screening.
The intervention consists of three steps:
1. When the GP makes an electronic PSA requisition for a
patient, a pop-up questionnaire is shown on the GP’s
screen with inclusion criteria for the patient. If the
patient fulﬁls the inclusion criteria, information about
a genetic risk assessment for PCa and its implications is
shown on the screen for the GP and the patient to
discuss. The information is printed out for the patient
who can bring it home for deliberation. The GP can
make an ordinary PSA test requisition if the patient
does not fulﬁl the inclusion criteria, or if the patient
wishes not to participate in the study.
2. If the patient wishes to have a genetic PCa risk assessment, two blood samples will be taken: one for the
PSA test and one for the genetic PCa risk assessment
(SNP test). The PSA test will be analysed and the
result will be reported back to the GP according to
the usual procedure. MOMA will assess the genetic
risk by identifying the relevant SNPs.
3. The GP will receive the result of the genetic risk
assessment as an electronic reply from MOMA. If the
genetic risk is low, the reply contains a recommendation for the patient to refrain from further PSA
testing. If the risk is high, the reply contains a recommendation to have regular PSA tests.
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Figure 1 Participants.

Genetic risk assessment for prostate cancer

Outcomes
The primary outcome is the number of patients at low
risk who get a preceded by normal PSA test within
2 years, that is, a PSA test which is performed within 2
years after a PSA test with a normal result.
The secondary outcomes are patient intentions to get
a PSA test, satisfaction, healthcare use and proportion of
patients stratiﬁed to high risk. In addition, the number
of included patients will be compared between groups,
as the option to receive a genetic risk assessment may
inﬂuence the propensity to request services in general
practice (table 1).

Data about GP-seeking frequency will be collected, with
a view to assessing association with the use of PSA tests.
Data about visits to the Department of Urology, PCa
diagnosis, PCa treatment and PCa death are assumed to
be infrequent in the relatively short study period. They
are, however, assessed to be important in a potential
long-term follow-up.
The data about the number of patients at low risk who
get a PSA test and healthcare use will be collected from
registers from laboratories and hospital administrative
systems. The questionnaires will contain questions about
intentions to get a PSA test, questions about psychological
well-being and questions about satisfaction and risk communication from the Comrade Scale.40 The questions
have been validated in Danish. To avoid the effect of cointervention in using patient questionnaires, patients in both
groups will receive questionnaires at 1 month (baseline),
1 year and 2 years follow-up, or be left untouched, only followed in registers. Questionnaires will be scanned and
coded electronically by data entry personnel, and in the
case of missing or apparently erroneous data, two of the
authors will discuss the interpretation until agreement is
reached. All data will be checked for errors before entering a customised database.
The social aspects of being genetically risk assessed will
be explored with the following research question: in which
ways does the social and cultural context inﬂuence the
interpretations and management of genetic risk assessment of PCa? Data will be produced through anthropological ﬁeldwork including interviews with approximately
20 patients at high genetic risk of PCa.41–43 The interviews
will take place in the patients’ homes and, if possible, as a
family interview or joint interviews.44 Each patient (with
family) will be interviewed 1 month after the genetic test
result, and reinterviewed 1 year and 2 years after this ﬁrst
interview. Participant observation will be conducted in
consultations where the high-risk patients consult their
GPs for a preceded by normal PSA test. The interview data

Table 1 Outcomes and data
Outcomes

Data

Primary outcomes
No. of low-risk patients who get a preceded by normal PSA test (ie, any tests after the index sample)
Secondary outcomes
Intentions to get the PSA test
Satisfaction with risk communication and decision-making
Psychological well-being
Proportion of high-risk patients
Number of
Prostate biopsies
Visits to the GP
Inpatient and outpatient visits to the Department of Urology
Surgical prostate treatments
Incident PCa
PCa deaths

Register data
Questionnaire data

Register data

GP, general practitioner; PCa, Prostate cancer; PSA, prostate-specific antigen.
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Pilot study
The three steps of the intervention were developed and
tested in a pilot study. Paper drafts for the screen dumps
with the information and the reply were presented to
12 patients who had a PSA test. Five of the patients
wished to have a genetic PCa risk assessment and provided a blood sample. The GPs and the patients were
interviewed about the feasibility of the information and
the reply. After this, the wording in the decision aid and
the reply was changed from a numbered format ( percentage) to a dichotomised risk format (high risk vs low
risk). Then, a research requisition system linked to the
standard requisition system was created. It contained a
module for inclusion and information based on the
feedback of the GPs and patients in the pilot. An electronic pathway between standard laboratories and the
research laboratory was established in order to transfer
the result of the genetic PCa risk assessment back to the
GP through the standard requisition. The next step in
the pilot study was to include ﬁve research practices to
test the electronic pathway. They recruited 34 patients
for a genetic PCa risk assessment. Feedback from the
GPs and the patients showed no signiﬁcant barriers in
the set-up. The questionnaires were developed, validated
by ﬁve patients and reﬁned for the intervention.

Genetic risk assessment for prostate cancer

Sample size
Currently, approximately 26% of patients with a normal
PSA test get a repeated test within 2 years. Guesstimating
12% of the initially tested to have a familiar disposition
of PCa, and assuming twice as high a frequency of
repeated testing compared to patients without familiar
disposition, it is estimated that the proportion having a
preceded by normal test is approximately 23% among
these low-risk patients. It is assumed in this study that
this proportion can be reduced by half among the 75%
in the intervention group, who are expected to receive
the genetic PCa risk assessment. This sums to an overall
retesting frequency of 15% in the intervention group as
deﬁned by intention-to-treat. Assuming that 33% of practices in the region accept participation and 86–88% of
initially tested patients are categorised into low risk (a
small difference in this proportion is expected between
the intervention and control groups), a study period of
4 months will accommodate the inclusion of 1244
patients, of which 1082 will be classiﬁed into low risk.
The study period will be extended if necessary to reach
the target sample size. Allowing for a design effect of
1.2, this can provide a study power of 89.8% at a standard signiﬁcance level of 5%. As the use of PSA tests is
registry based, correction for non-response is not relevant, and thus the study is adequately powered, though a
minor loss to follow-up due to emigration, death or PCa
diagnosed without further PSA tests must be expected.
Data analysis
Quantitative data will be analysed according to
intention-to-treat principles,45 that is, in the analysis,
patients will be assigned to the group to which they were
randomised, regardless of their subsequent compliance
to the intervention programme. Baseline characteristics
will be compared between groups. Longitudinal analyses
will include time in risk and the patients will be censored if they get PCa, die or migrate. Multivariable analysis will be conducted to evaluate the inﬂuence of GP
and patient-speciﬁc variables on future PSA testing.
The data from the interviews will be transcribed verbatim and analysed thematically using the Nvivo software.
The epistemological approach stems from social constructivist theories,46–53 and theories about social practice and meanings attributed to perception and
construction of risks will be applied to the data with a
view to adding empirical and theoretical insights into
the ﬁeld of social risk.54–56

of data between hospitals, laboratories and general practice; every patient has a personal identiﬁcation number;
and the patient registers are of high quality and easily
accessible, containing information on procedures, diagnosis, test and healthcare use.39 The development of an
intervention to support genetic risk assessment for PCa
in general practice might also be applicable to other
screening areas regarding risk of cancer, for example, cervical cancer, breast cancer and colon cancer.
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