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ABSTRACT
Objective: To describe the study design of the G€OTEBORG prostate cancer screening (PC) 2
(G€oteborg-2), a prospective, randomised, population-based trial of PC screening. This trial evaluates
whether prostate-specific antigen (PSA) testing followed by 3 Tesla prostate magnetic resonance imag-
ing (MRI) and targeted biopsy can reduce overdiagnosis, while maintaining the detection of clinically
significant cancer, compared to PSA-screening and systematic biopsy.
Materials and methods: A random sample of men 50–60 years in the G€oteborg area, Sweden, identi-
fied from the Total Population Register, were randomised to either a screening or control group (CG).
Participants in the screening group (SG) were further randomised into one of three arms: (1) PSA-test;
if PSA � 3 ng/mL, then MRI and systematic biopsy, plus targeted biopsy to suspicious lesions as per
Prostate Imaging – Reporting and Data System, version 2 (PI-RADSv2) 3–5; (2) PSA-test; if PSA � 3 ng/
mL, then MRI, and targeted biopsy only if PI-RADSv2 3–5; (3) identical to Arm 2, except lower PSA-cut-
off �1.8 ng/mL. The primary outcome is the detection rate of clinically insignificant PC (defined as
Gleason Score 3þ 3 [Grade Group 1]) comparing all men with PSA � 3 ng/mL in Arm 1 vs. Arm 2þ 3.
Results: Randomisation and enrolment started in September 2015. Accrual has hitherto resulted in
38,770 men randomised to the SG. The participation rate is 50%. Invitation to the first screening round
was completed in June 2020.
Conclusions: The G€oteborg-2 trial will provide new knowledge about the performance of prostate
MRI in a screening setting.
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Introduction

Background and rationale

Curative treatment for localised prostate cancer (PC) is effect-
ive [1,2] and prostate-specific antigen (PSA) testing can
enable the detection of PC at an early, curable stage [3–5].
The main problem with PSA-testing is overdiagnosis and the
subsequent risk of overtreatment [6–8]. Due to the low speci-
ficity of the PSA-test many men are subjected to unnecessary
biopsies with associated discomfort and risk of side-effects
such as infections and bleeding [9,10]. The use of systematic
biopsy technique, which was the standard clinical method
until recently, together with the large number of slow-grow-
ing cancers in the prostate never causing harm, are the main
mechanisms behind overdiagnosis [11,12].

Reduction of PC mortality by regular PSA-testing has been
convincingly demonstrated [13–15]. However, the beneficial

mortality reduction is not presently considered to outweigh
the harms of screening. A refined screening strategy that
maintains the PC mortality reduction while avoiding
unnecessary biopsies and detection of clinically insignificant
cancers, is much needed. In recent years, there has been a
fundamental shift in the diagnostic work up of men with
clinical suspicion of PC with magnetic resonance imaging
(MRI) performed before prostate biopsy to guide, and some-
times even omit, biopsy [16]. MRI of the prostate is intended
to discriminate insignificant cancers from harmful ones, and
in this manner avoid unnecessary biopsies and overdiagnosis
[17–19]. The findings of the PRECISION study, and several
others, confirmed this and led to the recent paradigm shift
in patients with clinical suspicion of cancer [20–23].

In a pilot study embedded within the last screening round
of the G€oteborg-1 trial, we evaluated prebiopsy MRI in a
screening setting with promising results; MRI-targeted biopsy
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detected almost as many clinically significant cancers as the
strategy with systematic biopsy, while reducing the detection
rate of insignificant cancers [24]. However, the role of MRI as
a screening tool has not yet been documented in large-scale,
randomised screening trials. To bring clarity to this matter,
we launched the “G€oteborg-2 trial” in 2015, as a prospective,
randomised, population-based trial of PC screening with PSA
testing followed by prostate MRI. Herein, we describe the
study design, procedures and participation rate of the trial.

Methods

Trial design

The G€OTEBORG prostate cancer screening 2 (G€oteborg-2)
trial is a single-centre study administered from the depart-
ments of Urology and Radiology, Institute of Clinical
Sciences, Sahlgrenska Academy, University of Gothenburg. It
is designed as a 2-step, 3-arm randomised screening study
aiming to include at least 54,000 men and to compare differ-
ent screening algorithms.

The study protocol is registered as International Standard
Randomised Controlled Trial ISRCTN94604465. The trial web-
site, with study protocol and amendments, is available at
http://g2screening.se/

Objectives

Primary objective
The primary objective of the trial is to evaluate whether
changing the screening algorithm in men with PSA �3ng/mL

from systematic biopsy to pre-biopsy MRI and
MRI-targeted biopsy can reduce the risk of detecting clinically
insignificant cancers.

Secondary objectives
1. To evaluate whether screening with pre-biopsy MRI and

only MRI-targeted biopsy in men with PSA � 3 ng/mL
can maintain the detection rate of clinically significant
cancer compared to systematic biopsy.

2. To evaluate whether detection of clinically significant PC
can be improved in screening with pre-biopsy MRI and
only MRI-targeted biopsy if the PSA-cut off is lowered
from 3 to 1.8 ng/mL.

3. To evaluate whether bi-parametric MRI is non-inferior to
multiparametric MRI in the detection of PC in a screen-
ing setting.

4. To evaluate whether screening with PSA and MRI can
reduce PC mortality compared to no screening or oppor-
tunistic screening (comparing the screening group [SG]
vs. the control group [CG]).

All outcome definitions are defined in Table 1. The pri-
mary definition of clinically significant PC is Gleason Score
�3þ 4 (also known as Grade Group 2) on biopsy but will
also be analysed with other definitions provided in Table
2 [25].

Enrolment, randomisation and allocation concealment

The participants are randomised and enrolled in two steps.
First, a random sample is identified from the Total
Population Register of men aged 50–60 years in the city of

Table 1. Primary and secondary outcomes in G€oteborg-2 trial.

Outcome Definition Time of assessment

Primary Proportions of clinically insignificant cancersa Arm 1 vs Arm 2þ 3b. After completion of SR 1.
Primary Proportions of clinically insignificant cancersa Arm 1 vs. Arm 2. After completion of each SR after SR 1 (every 2 years).
Secondary Proportions of clinically significant cancersa Arm 1 vs. Arm 2þ 3b. After completion of SR 1, 2 (at 2 and 4 years) and 8 years

after SR 1.
Secondary Cancer detection ratec bpMRI vs mpMRI. After completion of SR 1.
Secondary Proportion of clinically significant cancers Arm 2 vs. Arm 3. After completion of each SR with start after SR 2.
Secondary Cancer-specific incidence and mortality SG vs. CG (intention to

screen analysis).
12 years after randomisation (31 December 2027) and every

third year after.

SR: screening round; SG: screening group; CG: control group; bpMRI: bi-parametric MRI; mpMRI: multiparametric MRI
aClinically insignificant cancer is primarily defined as Gleason score 3þ 3 in prostate biopsy and clinically significant cancer as Gleason score >3þ 3.
bThe number of insignificant and significant cancers are only related to the number of men with PSA � 3 ng/mL. Thus, cancers diagnosed in Arm 3 in men
with PSA 1.8–3 will not be included in the statistical analysis.

cCancer detection rate is defined as the ratio between number of men who are diagnosed with PC at biopsy and the total number of men who under-
went MRI.

Table 2. Definitions of clinically significant cancer.

Clinically significant cancer Clinically insignificant cancer

Primary definition Gleason score � 3þ 4 Gleason score ¼ 3þ 3
Definition 2a Gleason score ¼ 3þ 3,

Clinical stage T1C,
PSA-density < 0.15,
� 2 positive sectors and
unilateral cancer

Definition 3b Gleason score � 4þ 3, or cancer core � 6mm
Definition 4b Gleason score � 3þ 4, or cancer core � 4mm
aIn definition 2, the modified Epstein criteria is used. In order to not overestimate cancer extent in men who underwent targeted biopsies, the number of posi-
tive cores is translated into positive sectors.
bDefinitions 3 and 4 are adapted from the PROMIS trial [17]. For cancer core length in targeted biopsies a mean value is calculated from the three to four cores
of targeted biopsies.
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Gothenburg, Sweden and six surrounding municipalities
[26]. To ensure full allocation concealment, a secure, pass-
word-protected computer-based algorithm performed by an
external person without the study investigators’ involve-
ment is used. The sample is updated from the Total
Population Register every three months. Men in this sample
are randomised to either the screening group (SG) or the
control group (CG). When invitation started in September
2015, the allocation ratio was 1:1. Since January 2017, due
to an observed lower than anticipated participation rate,
the allocation was changed to 2:1 in order to reach a suffi-
cient sample size in the SG to evaluate the primary object-
ive at four years. In order to achieve comparable groups,
half of the CG before this date was randomly selected
based on age group and geographical region for the
main analysis.

In the second step, men randomised to the SG and fulfill-
ing the eligibility criteria (Table 3) are invited for PSA-testing.
Men accepting participation are further allocated to one of
the three screening-arms.

Screening intervention

Men in the SG are subjected to different screening strategies
depending on arm allocation (Figure 1):

1. Arm 1 (reference arm): PSA � 3 ng/mL leads to further
evaluation with prostate MRI followed by systematic
biopsy – regardless of MRI result. Targeted biopsies are
added in case of suspicious lesions (PI-RADS 3–5)
on MRI.

2. Arm 2: PSA � 3 ng/mL leads to further evaluation with
prostate MRI, followed by targeted biopsy in men with
suspicious lesions (PI-RADS 3-5) on MRI.

3. Arm 3: is identical to arm 2 except that the PSA-cut off
for biopsy is lower, 1.8 ng/mL.

Irrespective of MRI results, due to high risk of lethal can-
cer and in order to harmonise with the Swedish national
guidelines, men in Arms 2 and 3 with PSA � 10 ng/mL are
recommended systematic biopsy. Participants with PSA-levels
below the cut-offs for further evaluation according to arm

Table 3. Eligibility criteria.

Inclusion criteria Exclusion criteria

� Alive on randomisation date
� A registered address in the county of Gothenburg or any of six specified

surrounding municipalities in Sweden
� Age 50–60 years

� Previous diagnosis of prostate cancer
� Emigration during the period between randomisation and update of the

Total Population Register, to which the study participants’ unique
personal identification numbers are linked.

� Death during the period between randomisation and update of the Total
Population Register, to which the study participants’ unique personal
identification numbers are linked.

Figure 1. Study Schema of the G€oteborg-2 trial. Figure 1 shows the study layout of the G€oteborg-2 trial. MRI interpretation is performed according to Prostate
Imaging-Reporting and Data System (PI-RADS), v.2.1. MRI þ: positive MRI defined as PI-RADS 3, 4 or 5. MRI�: negative MRI defined as PI-RADS 1 or 2. �All men with
PSA � 10.0 ng/mL are recommended 12-core systematic TRUS biopsy plus additional targeted biopsy if positive MRI. ��All men with an MRI showing PI-RADS 5
are recommended 12-core systematic TRUS biopsy.
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allocation are re-invited at pre-specified re-screening intervals
given in Figure 1. Similarly, all participants with PSA-levels
above the cut-offs who have benign biopsies and partici-
pants in Arms 2 and 3 without suspicious MRI-lesions are
re-invited. Termination of screening is determined by partici-
pant age in combination with the last PSA-value as described
in Figure 1.

Equipment and infrastructure

Blood sampling
Blood sampling for PSA and pre-MRI serum creatinine is
offered at 13 health care facilities in the region (one hospital
and 12 primary care facilities). Approximately 5mL of blood
is sampled in heparinised tubes and stored in a refrigerator
until transported to the laboratory. All blood samples are
analysed by a central laboratory (UniLabs Sweden Ltd,
Sk€ovde, Sweden) using Advia Centaur XP and XPT (Siemens
Healthcare Diagnostics Inc. US and Germany). PSA is analysed
within 24 h from blood draw unless the blood tests are
obtained before a weekend (72 h).

Imaging – protocol and review
MR imaging is performed at the Department of Radiology,
Sahlgrenska University Hospital using a 3-Tesla scanner
(Philips Medical System) with a pelvic phased-array coil.
Preparation includes 4 h of fasting and a micro-enema 2h
prior to imaging. Compliant to the PI-RADSv2 (Prostate
Imaging – Reporting and Data System) guidelines [19],
multiparametric MRI is performed with three sequences;
multiplanar fast spin echo T2-weighted imaging, axial diffu-
sion-weighted imaging with b-values of 0, 100, 1000 and
1500 s/mm2, all but b-value of 0 used for calculation of the
apparent diffusion coefficient-map, and axial dynamic con-
trast-enhanced T1-weighted imaging as the final sequence,
with the administration of gadolinium-based con-
trast medium.

All images are read by two out of three radiologists (all
with >5 years of prostate MRI experience) in consensus and
blinded to trial arm, PSA-level and clinical data. MRI findings
are classified according to the most current PI-RADS version
(PI-RADSv2.0 from study start until 1 June 2019 when the
updated protocol PIRADSv.2.1 was introduced). A positive
MRI is defined as PI-RADS 3–5. Each lesion is given a localisa-
tion according to a 24-sector template, based on the
Swedish National PC Guidelines [27]. From April 2019, the
protocol for multiparametric MRI is only used in screening
round 1. All men referred for MRI in subsequent screening
rounds (round 2 and onwards) undergo bi-parametric MRI
without the contrast medium sequence.

Urological examination and biopsy
Participants with an indication for prostate biopsy are sched-
uled for an examination by an experienced urologist with
digital rectal examination (DRE) and transrectal ultrasound
(TRUS) followed by TRUS guided biopsy of the prostate. The
assessment of clinical tumour (T) stage and TRUS findings

are performed blinded to trial arm, PSA-level and MRI-results.
After unblinding of the MRI-results, men are subjected to
prostate biopsy according to the protocol for their allocated
screening arm (Figure 1). An amount of 750mg ciprofloxacin
is administered as a single dose before biopsy. Prolonged
prophylaxis is given in men with increased risk of infection
according to the Swedish National PC Guidelines [27].
Systematic biopsy with 12 cores is obtained from the periph-
eral zone of the prostate and their localisation described
according to the previously mentioned national template.
For men with suspicious lesions on MRI (PI-RADS 3–5), tar-
geted biopsy is obtained with four cores directed towards
the sector in which the centre of each MRI lesion is
described; if systematic biopsy has already been directed to
a sector, only three targeted cores are added. All men in
Arms 2 and 3 with PC detected at targeted biopsy are
rebiopsied with systematic biopsy in order to judge cancer
extension in the prostate.

Central pathology review
All prostate biopsies are centrally reviewed by one experi-
enced prostate pathologist at the department of Pathology,
Sahlgrenska University Hospital. To validate the histopath-
ology diagnoses, all cancers detected during the first screen-
ing round will be reviewed by two external specialised
prostate pathologists.

Management of database and data collection

Data are prospectively and continuously recorded in a cen-
tral database located at University of Gothenburg and will be
kept for 30 years from study start. Extraction of data from
the database is regulated in the protocol and logged. PSA-
results and MRI results are digitally transferred to the data-
base on a regular basis. Clinical variables at TRUS examin-
ation are entered directly by the urologist into the study
database. Participant questionnaires are self-administered
and collected electronically at baseline and at follow-
up visits.

The management of data ensures the privacy of the sub-
jects. Data will be analysed and reported only on group lev-
els and no data will be linked to any individual.

Voluntariness and ethical considerations

The Regional Ethics Review Board at Gothenburg University
approved the G€oteborg-2 trial in January 2015, registration
number 890-14.

All men randomised to the SG or CG receive by postal
mail detailed information about the study, its design, bene-
fits and risks, contact details and a reference link to the
study website. The website also includes a link to the
Swedish National Board of Health and Welfare’s written infor-
mation about PSA-testing and its pros and cons. Men in
both groups are informed that participation is voluntary and
can be terminated at any time by a deliberate action of the
participant (opt out procedure). Written informed consent is
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thus not requested from participants in the main study but
is requested in some side studies.

Advisory board and processing of adverse events

An external advisory board recruited from national and inter-
national experts in the field has been established. Adverse
events from MRI and TRUS biopsy are recorded continuously,
including contrast allergy requiring medication and infections
complications after biopsies, with or without hospitalisation.

Stopping rules

In the main, the study protocol follows clinical recommenda-
tions from the Swedish Board of Health and Welfare. One
critical point has been identified concerning a potential delay
of diagnosing serious cancer when omitting biopsy in men

with a negative MRI (and a PSA < 10) in Arms 2 and 3.
Therefore, annual analysis of the incidence of interval cancers
in these men is planned as well as studying the incidence of
serious cancers detected at follow-up screens in men with
elevated PSA and negative MRI in previous screening rounds.
These data will be presented to the Advisory Board for rec-
ommendations. No other stopping rules are specified within
the protocol.

Sample size calculation

We based the sample size calculation for the primary end-
point on a power of 80% and alpha 0.05, using a two-sided
test, hypothesising that the reduction in insignificant PC with
the MRI-targeted biopsy strategy would be 50% as compared
to systematic biopsy. Based on previous studies and expert
knowledge, we assumed that the proportion of men

Figure 2. (A–C) Enrolment and participation rates. (A) Accrual rate, (B) Participation rate and further evaluation with prostate MRI. (C) Participation rate and further
evaluation with TRUS biopsy.
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diagnosed with insignificant PC among men with PSA � 3 in
Arm 1 (reference arm) would be 9%. This gave a sample size
of N¼ 1164 men with PSA � 3 ng/mL. Furthermore, we
hypothesised that 7% among men attending PSA-screening
would have an elevated PSA and that the participation rate
would be 50%, which lead to the sample size N¼ 33,260
altogether in the three screening-arms. Accounting for uncer-
tainty in the hypothesised proportion of insignificant PCs
and in the proportion of men with PSA � 3 ng/mL among
those screened, lead to the final sample size of N¼ 36,000
for the SG. With an allocation rate of 1:2 between the CG
and SG, altogether, N¼ 54,000 men are needed to be
included in the study.

Side-studies

A number of side-studies are planned within this trial, includ-
ing the evaluation of: morbidity related to the screening
algorithms, technical aspects of MRI, feasibility and logistics,
costs and cost-effectiveness, patient-reported outcomes and
quality-of-life, biomarkers (blood, urine and biopsy tissue is
sampled and biobanked), equitable care and health care dis-
parities. The hypotheses, objectives and statistical analysis
plans of these sides-studies will be described in separate
publications.

Results

The first participants were randomised and invited in
September 2015. The complete cohort has been randomised
in spring 2020 reaching beyond the target with 38,770 men
invited to the SG and 23,347 men to the CG (of whom
19,385 men will be analysed). The opt-out rates up to
September 2020 are 1.0% and 2.2% in the SG and CG,
respectively.

The accrual rate for men randomised up-until 31
December 2019 is shown in Figure 2(A). The participation
rate is 50% and the majority of participants, 75%, chose to
attend when receiving the first invitation, and a minor num-
ber following invitation reminders.

The vast majority of men attended further evaluation
according to the study protocol, when invited to MRI (94%)
and TRUS biopsies (85%), as shown in Figure 2(B,C). Reasons
for not performing MRI and proportions of MRIs of non-diag-
nostic quality are shown in Figure 3(A). Reasons for not per-
forming TRUS biopsies are shown in Figure 3(B). Of the
participants who did not undergo MRI, 48% were clinically
assessed and 70% of these underwent biopsies.

The age distribution at randomisation in the SG is shown
in Figure 4. As seen, the number of randomised men is
higher in the youngest and oldest age groups.

Discussion

The aim of the G€oteborg-2 trial is to evaluate whether PSA-
screening followed by prostate MRI, compared to PSA-
screening without MRI, can reduce overdiagnosis and main-
tain (or increase) the detection rate of clinically significant
PC. Since the definition of clinically significant cancer still is
under debate with no golden standard, we use different pre-
specified definitions of significant PC for the analyses, Table
3 [28].

The G€oteborg-2 trial uses the Zelen double consent
design with randomisation before consent [29]. Further no
active consent was necessary and only men opting out were
excluded from the study. This approach can be viewed as
controversial by some but allows evaluating the effectiveness
of the screening trial (secondary outcome i.e. PC mortality)
due to the very low rate of opting out (1.0% in the SG and
2.2% in the CG) as compared to an efficacy design with
upfront consent where 50% acceptance rate is common [30].

Figure 2. (Continued).
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It is well-known that opportunistic PSA-testing occurs fre-
quently in Sweden, as in many other countries, and approxi-
mately 25% of 50-year olds and 50% of 60-year olds in
Gothenburg and the surrounding region has measured their
PSA [31]. However, since we sought to primarily evaluate dif-
ferent screening algorithms rather than screening vs. no
screening, we do not anticipate contamination bias to be a
major problem in the primary outcome of this study.

Analysing the secondary outcome concerning PC mortality
in the SG vs. the CG, contamination is inevitable and cannot
be disregarded. Although opportunistic PSA-testing is less
effective than organised PSA-screening regarding PC mortal-
ity [32], contamination might dilute the difference between
the groups and slightly reduce the power of the study to

detect a difference in PC mortality between them. However,
this will be addressed in analyses adjusting for contamin-
ation as well as by comparing the SG to historical controls.

The uneven age distribution at randomisation is explained by
the procedure of randomisation and enrolment. In order to
include 60-year olds before they are no longer eligible, they were
prioritized for randomisation from the population-based sample.
Furthermore, the sample is updated from the Total Population
Register every 3 months; it will continuously be refilled with new
50-year olds explaining their relatively high frequency.

Since the start in September 2015, the accrual has pro-
gressed well. Besides some adjustments to the protocol
concerning safety matters and a minor delay due to the
Covid-19 pandemic, there are no issues concerning feasibility.

Figure 3. (A) Reasons for MRI not performed or MRI of non-diagnostic quality.Of the planned MR exams, 6% were not performed (due to participant declining or
having a medical contraindication) or of non-diagnostic quality (mainly due to hip-prostheses or other osteosynthesis material distorting the diffusion-weighted
sequence but also due to claustrophobia rendering incomplete examinations). (B) Reasons for TRUS biopsies not performed. Of the planned TRUS biopsies, 15%
were not performed.
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In comparison with similar research efforts around the
world, there are a few other ongoing trials investigating
screening with PSA and MRI (ProScreen, Finland, STHLM3MR2,
Sweden, PROBASE, Germany). The results of the G€oteborg-2
trial will provide new valuable information on novel
approaches to screening and early detection of PC to help
customise future screening programs for PC. If PSA-testing fol-
lowed by MRI and targeted biopsy can shift the ratio of bene-
fits-to-harms of PC screening, there will be a paradigm shift
opening up for population-based screening for PC.
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