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ABSTRACT
Introduction European Association of Urology and UK 
National Institute for Health and Care Excellence guidelines 
recommend that all men with suspicions of prostate 
cancer should undergo prebiopsy contrast enhanced, that 
is, multiparametric prostate MRI. Subsequent prostate 
biopsies should also be performed if MRI is positive, that 
is, Prostate Imaging–Reporting and Data System (PI- RADS) 
scores 3–5. However, several retrospective post hoc 
analyses have shown that this approach still leads to many 
unnecessary biopsy procedures. For example, 88%–96% 
of men with PI- RADS, three findings are still diagnosed 
with clinically non- significant prostate cancer or no cancer 
at all.
Methods and analysis This is a prospective, randomised, 
controlled, multicentre trial, being conducted in Finland, to 
demonstrate non- inferiority in clinically significant cancer 
detection rates among men undergoing prostate biopsies 
post- MRI and men undergoing prostate biopsies post- MRI 
only after a shared decision based on individualised risk 
estimation. Men without previous diagnosis of prostate 
cancer and with abnormal digital rectal examination 
findings and/or prostate- specific antigen between 2.5 ug/L 
and 20.0 ug/L are included. We aim to recruit 830 men 
who are randomised at a 1:1 ratio into control (all undergo 
biopsies after MRI) and intervention arms (the decision to 
perform biopsies is based on risk estimation and shared 
decision- making). The primary outcome of the study is the 
proportion of men with clinically significant prostate cancer 
(Gleason 4+3 prostate cancer or higher). We will also 
compare the overall biopsy rate, benign biopsy rate and 
the detection of non- significant prostate cancer between 
the two study groups.
Ethics and dissemination The study (protocol V.2.0, 4 
January 2021) was approved by the Ethics Committee 
of the Hospital District of Southwest Finland (IORG 
number: 0001744, IBR number: 00002216; trial number: 
99/1801/2019). Participants are required to provide 
written informed consent. Full reports of this study will be 

submitted to peer- reviewed journals, mainly urology and 
radiology.
Trial registration number NCT04287088; the study is 
registered at  ClinicalTrials. gov.

INTRODUCTION
The incidence of prostate cancer continues 
to increase worldwide, mainly as a result 
of population ageing, better diagnostic 
methods and probably due to a real 
increase in incidence. Although most pros-
tate cancers are currently being diagnosed 
at an early stage, 30% of prostate cancers 

Strengths and limitations of this study

 ► A strength of the study is the use of well- established 
IMPROved prostate cancer Diagnosis (IMPROD) bi-
parametric MRI protocol (http://mrc.utu.fi/protocols/
prostate), which is a result of long- term research on
diffusion- weighted imaging, data acquisition and
postprocessing of MRI images.

 ► Another strength is that all data will be publicly
available, like data from previous IMPROD- trials
(IMPROD- study, http://petiv.utu.fi/improd/, multi-
IMRPOD- study, http://petiv.utu.fi/multiimprod/).

 ► Although study participants are recruited from sev-
eral centres, the vast majority of them are Caucasian 
in origin and, therefore, the generalisability of the re-
sults might be limited.

 ► The relatively low prevalence of opportunistic
screening for prostate cancer in Finland will have an 
impact on the baseline characteristics of the study
population; therefore, the generalisability of the re-
sults to nationalities with higher levels of screening
might be limited.

http://bmjopen.bmj.com/
http://orcid.org/0000-0003-1011-4602
http://dx.doi.org/10.1136/bmjopen-2021-053118
http://dx.doi.org/10.1136/bmjopen-2021-053118
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2021-053118&domain=pdf&date_stamp=2022-04-15
NCT04287088
http://mrc.utu.fi/protocols/prostate
http://mrc.utu.fi/protocols/prostate
http://petiv.utu.fi/improd/
http://petiv.utu.fi/multiimprod/
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in Finland now are metastatic at diagnosis.1 Prostate 
cancer also continues to be the second leading cause 
of cancer deaths in men calling, for better diagnostic 
methods.2

Traditionally, the diagnosis of prostate cancer is mostly 
based on the result of systematic transrectal ultrasonog-
raphy (TRUS)- guided biopsies.3 Recently, several prospec-
tive trials claimed that an alternative pathway using 
multiparametric magnetic resonance imaging (mpMRI) 
or biparametric MRI (bpMRI) as a triage test reduces 
unnecessary biopsies, decreases the detection of clinically 
non- significant prostate cancer and improves the detec-
tion of clinically significant prostate cancer.4–11 There-
fore, in addition to men with previous negative prostate 
biopsies, European Association of Urology, American 
Urological Association and UK National Institute for 
Health and Care Excellence guidelines also recommend 
that all men with a suspicion of prostate cancer should 
undergo prebiopsy MRI. Also, subsequent prostate biop-
sies should be performed if MRI is deemed positive, that 
is, PI- RADS scores 3–5.3

That said, it is not clear whether the results of these 
trials reflect a true change in relative detection of signif-
icant and non- significant or reflect upgrading associated 
with MRI.12 Moreover, several retrospective post hoc anal-
yses have shown that this approach still leads to many 
unnecessary biopsy procedures. For example, 88%–96% 
of men with PI- RADS 3 finding are still diagnosed with 
clinically non- significant prostate cancer or no cancer 
at all.5 7 8 In our retrospective post hoc analyses, we have 
shown that prostate- specific antigen (PSA) density (PSA 
divided by prostate volume) combined with bpMRI is 
useful when determining the need to perform biopsies.13 
This finding is supported by retrospective analysis both in 
bpMRI10 and mpMRI14 settings.

The decision on whether to or not perform biopsies is 
not just about MRI and PSA but a shared decision- making 
accounting for patient characteristics, such as comorbidi-
ties, life expectancy and expectations and values.15 Unfor-
tunately, no risk tool using prostate MRI and applying 
a truly individualised approach for each man has been 
evaluated in prospective clinical trials.16 17 Therefore, the 
aim of this trial is to generate a risk calculator based on 
MRI and clinical variables describing an individual risk of 
having clinically significant prostate cancer. This risk esti-
mation is then used as a basis for discussion of the bene-
fits and potential harms of proceeding with the prostate 
biopsy.

The aim of this prospective, randomised, multicentre 
controlled, trial is to demonstrate non- inferiority in 
clinically significant cancer detection rate between men 
undergoing prostate biopsies post- MRI and men under-
going prostate biopsies post- MRI only after a shared deci-
sion based on risk estimation. The aim is also to compare 
whether there is a difference in overall biopsy rate, benign 
biopsy rate and the detection of non- significant prostate 
cancer between the two study groups.

METHODS AND ANALYSIS
Study design
This is a prospective, randomised (allocation 1:1), 
controlled, multicentre trial to demonstrate non- 
inferiority in clinically significant cancer detection rate 
between men undergoing prostate biopsies post- MRI and 
men undergoing prostate biopsies post- MRI only after a 
shared decision based on individualised risk estimation.

Objectives
Primary objective
A non- inferiority between significant prostate cancer 
detection rate in men undergoing prostate biopsies 
post- MRI (control arm) and men undergoing prostate 
biopsies post- MRI only after a shared decision based on 
individualised risk estimation (intervention arm).

Secondary objectives
To compare the detection rate of clinically non- significant 
prostate cancer, intermediate risk prostate cancer and 
benign biopsies between the arms.

To compare biopsy rates between the arms.
To compare biopsy- related complications between the 

arms.
To compare the detection rate of clinically significant 

prostate cancer during the 5 years of follow- up between 
the arms.

To study and compare anxiety related to prostate cancer 
between the arms.

To evaluate how biopsy rates in the experimental arm 
vary by predicted risk produced by the risk model.

To evaluate inter- reader variability between central and 
local radiologists.

Exploratory objectives
To evaluate the hypothetical results in the control group 
had biopsy been restricted to those meeting different 
biopsy criteria.

To calibrate the prediction model in the control arm.
To evaluate if biomarkers could improve the prediction 

model in the control group.

Outcomes
Primary outcome
The proportion of men with clinically significant prostate 
cancer (Gleason 4+3 (International Society of Urological 
pathology grade group, the GGG, 3)) prostate cancer 
or higher) in the control and intervention arms after 
primary diagnostic pathway.

Secondary outcomes
The proportion of men with clinically non- significant 
prostate cancer and intermediate risk prostate cancer 
(Gleason 3+3 (GGG 1) and Gleason 3+4 (GGG 2)) and 
benign biopsies in the control and intervention arms 
after primary diagnostic pathway

The proportion of men undergoing biopsies in the 
control and intervention arms
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The proportion of men having biopsy- related complica-
tions in the control and intervention arms

The proportion of men with clinically significant pros-
tate cancer (Gleason 4+3 (GGG 3), prostate cancer or 
higher) in the control and intervention arms during the 
5 years of follow- up

Total score of Memorial Sloan Kettering Cancer Centre 
Anxiety questionnaire in the control and intervention 
arms at baseline, at 6 months and at 12 months.

The rate of biopsy in patients with low (<5%), inter-
mediate (5%–20%) and high (≥20%) predicted risk of 
clinically significant prostate cancer

Kendall rank correlation coefficient between central 
and local reader reported PI- RADS scores.

Exploratory outcome measures
The number of biopsies and the number of clinically 
significant prostate cancers detected in patients with 
PI- RADS 3 or higher, PI- RADS 4 or higher, PI- RADS 3 or 
higher or PSA density higher than 0.2 ng/mL/mm3.

Calibration of the model using both Likert and PI- RADS 
V.2.1 criteria.

Calibration of the model using future biomarkers
aiming to improve prostate cancer diagnostics.

Sample selection
All men with clinical suspicion of prostate cancer living 
in the Hospital Districts of Southwest Finland, Satakunta, 

Keski- Suomi and Pirkanmaa are potentially eligible. The 
study will enrol 830 subjects allocated into two groups.

Inclusion criteria
► Age: 18 years or older.
► Language spoken: Finnish or Swedish.
► Clinical suspicion of prostate cancer, based on: serum

level of PSA from 2.5 ng/mL to 20.0 ng/mL and/or
abnormal digital rectal examination.

► Mental status: the subject must be able to understand
the meaning of the study.

► Informed consent: the subject must sign the appro-
priate Ethics Committee (EC) approved informed
consent documents in the presence of the designated
staff

Exclusion criteria
► Previous diagnosis of prostate cancer.
► Any contraindications for MRI.
► Any other conditions that might compromise subject’s 

safety, based on the clinical judgement of the respon-
sible urologist.

► Unilateral or bilateral hip prosthesis.

Study procedures
The study flow is presented in figure 1.

Pre- screening (visit 0): after a referral to participating 
centres, all subjects are evaluated for inclusion and 

Figure 1 Study flow chart. Bx, prostate biopsies; IMPROD bpMRI, bi- parametric magnetic resonance imaging of prostate 
performed according to IMPROD MRI protocol (http://mrc.utu.fi/protocols/prostate); PSA, prostate specific antigen; TRUS, 
transrectal ultrasound of prostate.

http://mrc.utu.fi/protocols/prostate
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exclusion criteria. If eligible, the subject will receive 
a study information sheet, an information sheet of 
the shared decision- making process and a time for the 
screening visit.

Screening visit (visit 1): during the screening visit at the 
urology out patient clinic, the study design is discussed 
in detail with the local investigator (urologist). If willing 
to participate, the subject will sign the informed consent 
form (online supplemental file 1). Thereafter, subjects 
will complete baseline questionnaires and baseline blood 
and urine samples are taken.

MRI scan (visit 2) is performed according to the guide-
lines in each centre. However, for study- related require-
ments, please refer to the chapter on study instruments.

Randomisation is performed before the TRUS visit. 
Subjects are randomised in a 1:1 ratio into two arms: 
the control arm and the intervention arm. Randomisa-
tion will be stratified by categorised baseline PSA: <4 ng 
/ mL, 4–9.9 ng/mL, ≥10 ng/mL. Randomisation will be 
performed using a predefined allocation table imple-
mented by the study statistician (EL). The allocation 
table will be implemented in the Research Electronic 
Data Capture (REDCap) database and is inaccessible 
once uploaded, hence ensuring allocation concealment.

TRUS visit (visit 3): the visit follows a protocol used in a 
normal outpatient clinic. MRI results are discussed with 
the subject.

The control arm: all subjects undergo TRUS- guided biop-
sies. In subjects with Likert scores of 1–2, 12- core system-
atic TRUS- guided systematic biopsies are performed. In 
subjects with Likert 3–5 score lesions, systematic biopsies 
and two targeted biopsy cores are taken from each lesion 
(up to two lesions).

The intervention arm: the probability of clinically signif-
icant prostate cancer is estimated using the risk calcu-
lator. The risks and benefits of prostate biopsy and 
patient values are discussed. A shared decision regarding 
whether to perform biopsies is made. If biopsies are to be 
performed, in subjects with Likert scores of 1–2, 12- core 
systematic TRUS- guided biopsies are performed and in 
subjects with Likert 3–5 score lesions systematic biop-
sies and two targeted biopsy cores are taken from each 
lesion (up to two lesions). If biopsies are not performed, 
subjects are referred for a PSA follow- up.

Biopsy results (visit 4): according to clinical guidelines 
in each centre, either by telephone conference or a visit, 
the subject is contacted to discuss the results of the biop-
sies and biopsy- related adverse events. If biopsies are not 
taken, subjects are informed about follow- up procedures.

Treatment: if diagnosed with prostate cancer, the subject 
and the treating physician, as part of the multi- disciplinary 
team, will decide the treatment modality according to 
local, national and international guidelines.

Follow- up: in subjects with benign biopsies or in subjects 
with no performed biopsies, PSA is measured according to 
local guidelines in each centre but should be performed 
at least as follows:

Years 1–2: every 6 months.

Years 3–5: every 12 months.
Thereafter, follow- up is performed according to clinical 

guidelines in every centre. If suspicion of prostate cancer 
persists after initial benign biopsies or in subjects with no 
biopsies taken, the decision to perform biopsies and/or 
MRI is according to local guidelines in each centre and/
or the treating physician. However, if there is no such 
suspicion, a revisit (discussion and consideration of MRI 
and/or biopsies) should be performed at least as follows:
1. PSA increases over 20 ng/mL
2. PSA doubles during the follow- up.

A long- term follow- up of all subjects will be performed
from medical charts, Finnish national registries and if 
needed, contacting the subject, for up to 20 years to have 
comprehensive data concerning incident prostate cancer 
in subjects without a diagnosis of prostate cancer and clin-
ical end points (biochemical relapse, metastasis, death) 
in subjects with diagnosed prostate cancer.

Study instruments
Prostate MRI
Subjects scheduled for the MRI examination will 
receive sodium picosulfate drops (Laxoberon, Boeh-
ringer Ingelheim GmbH) and a Bisacodyl enema 
(Toilax, Orion Pharma) for bowel preparation. Details 
of the MRI protocol are described in http://mrcutufi/
protocols/prostate. In short, prostate MRI examina-
tions will be performed using a 1.5T or 3T MR scanner. 
Body array coils will be used for image data acquisition. 
No endorectal coil will be used. T2- weighted anatomic 
imaging will be performed in the axial and sagittal 
planes. Single- shot spin- echo echo- planar imaging will 
be used for diffusion- weighted imaging (DWI) and 
performed in three separate acquisitions using b- values 
of 0 s/mm2, 100 s/mm2, 200 s/mm2, 350 s/mm2, 500 s/
mm2; 0 s/mm2, 1500 s/mm2 and 0 s/mm2, 2000 s/mm2. 
Apparent diffusion coefficient (ADC) maps are calcu-
lated from each acquisition, but the one calculated 
from the acquisition with low b- values (0–500 s/mm2) is 
considered to be the most reliable. The total scan time 
will be approximately 15–16 min.

MRI will be interpreted using an IMPROved pros-
tate cancer Diagnosis (IMPROD) bpMRI Likert scoring 
system as follows: (1) significant cancer is highly unlikely 
to be present; (2) significant cancer is unlikely to be 
present; (3) significant cancer is equivocal; (4) signifi-
cant cancer is likely to be present; (5) significant cancer 
is highly likely to be present.7 8 The calculator and clin-
ical judgement are based on a Likert scoring system. An 
additional classification of MRI lesions is performed 
using a modified PI- RADS V.2.1 system.18

All reports and data sets are uploaded to the central 
study server within 7 days of the MRI scan. A standardised 
form to report the MRI is used.18 All MRI data sets are 
reported centrally by a designated central reader (IJ). 
The reported PI- RADS score of central reading is used 
for the risk calculator and for the MRI- guided biopsies. 
To assess inter- reader variability, MRI data sets are also 

https://dx.doi.org/10.1136/bmjopen-2021-053118
http://mrcutufi/protocols/prostate
http://mrcutufi/protocols/prostate
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rereported retrospectively by a local radiologist in each 
centre (at least 1 year of prostate MRI experience). The 
readers are all blinded to all clinical data such as PSA, age 
and the subject’s previous medical history.

TRUS and prostate biopsies
The period between the MRI examination and TRUS 
guided biopsy will be a maximum of 4 weeks. Prophy-
lactic antibiotic treatment is given according to institu-
tional guidelines. If suspicious MRI lesions are present, 
targeted biopsies followed by systematic TRUS- guided 
12- core biopsies are performed. Targeting is performed
either with cognitive- fusion or MRI- fusion according to
clinical guidelines in each centre. A maximum of two
cores will be taken from each MRI suspicious lesion.
If more than two suspicious lesions are observed only
two of most suspicious ones are targeted. Therefore, a
maximum of four targeted biopsies are performed.

The risk estimation
To estimate the risk of clinically significant prostate 
cancer, a calculator is developed and implemented in 
eletronic case report form (eCRF), the RedCap. The 
calculator is based on our previous prospective MRI 
studies (the IMPROD trial, NCT01864135 and the 
multi- IMPROD trial NCT02241122) and it predicts the 
presence of biopsy Gleason ≥4+3 (GGG 3) prior to pros-
tate biopsy, using information on subject age, prostate 
volume, total PSA, 5- ARI use and Likert score.

1. If the subject uses 5- ARI, modifications are needed to
the subject’s PSA and prostate volume.
► Multiple PSA by 2.
► Divide prostate volume by 0.7.

2. Calculate cubic spline terms for PSA.
► The knot locations are t = (3.80, 6.60, 9.40, 18.47),

where t1=3.80, t2=6.60. etc.

 

PSASplinej+1 = max(PSA − tj, 0)3 − max(PSA − t3, 0)3 ∗
t4−tj
t4−t3

+ max(PSA − t4, 0)3 ∗
t4−tj
t4−t3

forj = 1, 2

3. Calculate the regression model linear predictor

 

Xβ = −6.97314184 + 0.064172722 ∗
{

Age
}

+ −0.008141264 ∗
{

ProstateVolume
}

+ −0.182694534 ∗
{

PSA
}

+ 0.006136442 ∗
{

PSASpline2
}

+

− 0.013049396 ∗
{

PSASpline3
}

+ 1.37637197
{

Likert == 3
}

+ 2.50939431 ∗
{

Likert == 4
}

+ 4.07331563 ∗
{

Likert == 5
}

4. Convert linear predictor to the risk of Gleason≥3 on
biopsy (will be a probability between 0 and 1)

 Risk = eXβ

1+eXβ

Shared decision-making
All consented subjects will be provided an information 
sheet on the concept of shared decision. The sheet will 
describe the biopsy pathway, the risks and benefits related 
to the biopsies and the application of the risk calculator. 
At the end of the sheet, there will be questions related to 
the subject’s values of life, especially related to the risk of 
prostate cancer, its treatment and treatment- related side 
effects.

In the TRUS visit (visit 3), the information sheet is used 
to aid the discussion with subjects randomised to the 
intervention arm. The risk of clinically significant cancer 
is calculated and a shared decision regarding whether to 
perform biopsies is made.

The details of the protocol and execution of the trial 
and the concept of shared decision- making are discussed 
with all investigators during the investigator meeting 
before the start of the trial. The concept of the calculator 
is also discussed and its use is demonstrated. The anchor 
guides to the shared decision- making are presented in 
table 1.

Laboratory evaluation
As a part of routine clinical practice blood tests including 
serum PSA, free- to- total PSA ratio, standard and differen-
tial blood counts, serum alkaline phosphatase and serum 
testosterone are collected.

Serum and urine biomarkers
Anticoagulated EDTA plasma (10 mL) and urine (a 
minimum of 10 mL) are collected to investigate previ-
ously characterised biomarkers for prostate cancer 

Table 1 The anchors used to guide the share decision making.

Risk category Actual risk Recommendation

Low risk ≤5% It is recommended that biopsy is avoided

Favourable 
intermediate risk

5.1%–7.5% It is recommended that biopsy is avoided. However, consider performing the biopsies if 
the patient is young, he has a strong family history of prostate cancer or he is very anxious 
about cancer.

Intermediate risk 7.6%–14.9% Shared decision- making with the patient about biopsy, taking into account the patient’s 
age and health and their preferences about avoiding an invasive procedure compared with 
concerns about cancer

In- favourable 
intermediate risk

15.0%–19.9% It is recommended to that biopsy is performed. Consider avoiding biopsy in patients 
with significant comorbidities or if the patient is particularly anxious about the biopsy 
procedure.

High risk ≥20.0% It is recommended that biopsy is performed.
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detection such as the four kallikrein panel and poten-
tial new biomarkers. The blood and urine are samples 
drawn before the TRUS visit. Subjects give their written 
consent to the sampling.

Histopathologic evaluation of tissue samples
All histopathological biopsies are reported separately 
(core length, cancer length, Gleason grade) at each 
centre by expert pathologists, each with at least 5 years 
of experience in genitourinary pathology at the begin-
ning of the trial. Reports are made using the 2014 
International Society of Urological Pathology Modified 
Gleason Grading System.19 The biopsy specimen is anal-
ysed, so that pathologists are aware that the subjects are 
part of the study. However, they are not aware of the 
exact details of the study protocol and they are blinded 
to the sequence of individual biopsy cores.

Definition of overall Gleason grade and clinically significant 
prostate cancer
Clinically significant prostate cancer is defined as 
Gleason 4+3 (GGG 3) or higher in overall Gleason 
grade which is defined for each subject as the combi-
nation of the most frequent Gleason grade and the 
highest Gleason grade.

Questionnaire
Prostate cancer- related anxiety is measured with Memo-
rial Anxiety Score for Prostate Cancer anxiety score.20 
The questionnaire will be collected at baseline, at 
6 months and at 12 months.

Adverse events
Since anatomical MRI and DWI are not based on ionising 
radiation, the risk for adverse events in properly selected 
subjects is considered minimal, if any. Claustrofobic 
subjects will be excluded from the study. Commonly, no 
side effects or only mild side effects are associated with 
taking sodium picosulfat drops (Laxoberon, Boehringer 
Ingelheim GmbH) or Bisacodyl enema (Toilax, Orion 
Pharma Ltd) for bowel preparation, but it is recom-
mended for subjects to maintain their water balance 
with increased water intake. No MRI contrast agents 
will be given to the subjects. The type and severity of 
the adverse events will be defined during the MRI visit 
by using the Common Terminology Criteria for Adverse 
Events (CTCAE) V.4.0 classification.

TRUS- guided biopsies are associated with risk of 
complications, the most important being serious infec-
tions (0.5%) and bleeding (4%) complications. Adverse 
events related to TRUS and prostate biopsies are 
recorded for 14 days after the biopsies. The type and 
severity of the complication are defined and recorded. 
The severity will be defined by using the Clavien- Dindo 
classification.21

Potential benefits and harms
Potential harms include adverse events related to 
TRUS- guided biopsies and the fact that a fraction of 

clinically significant prostate cancer is left undiagnosed 
in subjects not undergoing TRUS- guided biopsies in 
the intervention arm. However, the study does not 
expose subjects to any extra procedures since in normal 
clinical practice all included subjects would undergo 
bpMRI and subsequent TRUS- guided biopsies. TRUS- 
guided biopsies are potentially harmful to the subject, 
however, subjects in the intervention arm may have 
even fewer adverse events than subjects in the control 
arm. Furthermore, leaving a fraction of clinically signif-
icant prostate cancer undiagnosed in the intervention 
arm does not harm the subjects since a robust follow- up 
after the initial diagnostic procedure is included in the 
study design.

Subject retention and protocol deviation
It is expected that the subject retention rate is low, since 
all subjects have a suspicion of prostate cancer and 
they want to be involved in the diagnostic pathway. For 
the same reason, no protocol deviations are expected. 
Subjects who decide to refrain from the study are 
included in the final analysis, if they have undergone 
prostate MRI and TRUS visits.

Sample size calculation
The concept of sample size recalculation was brought 
up in protocol V.2.0 (4 January 2021). A two- stage 
sample size calculation was performed: first, an initial 
calculation before the start of the trial; second, a prede-
termined blinded re- estimation after the recruitment of 
the first 300 subjects.
1. The estimation of the clinically significant pros-

tate cancer rate was based on data from our pre-
vious prospective trials (the IMPROD and the
multi- IMPROD).7 8 Using a clinically significant
cancer rate of 25% in both arms, a non- inferiority
margin of −8%, a beta level of 0.2 and an alpha level
of 0.05, it was estimated that 600 subjects would be
needed.

2. The re- estimation of sample size is based on the ob-
servation that clinically significant prostate cancer is
present in 20% of the first 300 subjects. Also, regarding
the potential difference in clinically significant cancer
rates between the arms, the sample size is evaluated in
three different scenarios. Using a non- inferiority mar-
gin of −8%, a beta level of 0.2 and an alpha level of
0.05, the scenarios are as follows:
– with a rate of 20.0% in both arms, 624 participants

will be needed.
– With rates of 20.5% (control arm) and 19.5% (in-

tervention arm), 814 subjects will be needed.
– With rates of 21.0% (control arm) and 19.0% (in-

tervention arm), 1104 subjects will be needed.
It is decided that the final sample size will be calcu-

lated according to scenario b. Using a dropout rate of 
2%, 830 subjects will be recruited. The recalculated 
sample size was implemented in the latest protocol 
amendment (V.2.1, 21 September 2021).
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Data handling
RedCap database
In addition to medical charts in each participating centre, 
study data are collected, managed and stored pseudoan-
onymised in REDCap electronic data capture tool hosted 
at the University of Turku.22 23 Every participating centre 
holds a pseudonymisation key in its own server.

Quantitative analysis of DWI
The signal intensity of DWI will be fitted using monoex-
ponetial fit.

Monoexponential calculation of apparent diffusion 
coefficient is described by the following equation (eq.1):

 
ADC = − 1

b2−b1
ln

[
SI
(
b1
)

SI
(
b0
)
]

where SI(b1) and SI(b0) denote the signal intensity at 
higher b value (b1) and at b=0 mm2/s (b1).

Data analysis plan
The non- inferiority evaluation will be done based on one- 
sided 95% CI for the difference of proportions in the 
control arm and intervention arm. The primary analysis 
is the proportion of men with clinically significant cancer 
in each arm. Analysis will be done by logistic regression, 
with randomisation strata as covariate. The OR and CI 
between groups will be applied to the risk in the control 
group to calculate a risk difference and CI. A one- sided 
95% CI will be used to place a bound on the maximum 
reduction in detection rates associated with the inter-
vention arm. A similar approach will be used for the 
proportion of men with clinically non- significant prostate 
cancer, biopsy rate and biopsy- related complications. For 
the patient- reported outcome of biopsy- related anxiety, 
analysis will be by analysis of covariance (ANCOVA), with 
randomisation strata as covariate. In this case, a two- sided 
95% CI will be calculated.

To evaluate the rate of clinically significant pros-
tate cancer during follow- up, we will use time- to- event 
methods, with subjects censored at the time of their last 
biopsy or curative treatment (if received for clinically non- 
significant prostate cancer). Cox proportional hazards 
will be used to compare between groups, with randomisa-
tion strata as covariate.

As a descriptive analysis, we will evaluate how biopsy 
rates in the intervention arm vary by the predicted risk 
produced by the model. We will first divide subjects into 
low (<5%), intermediate (5%–20%) and high (≥20%) 
predicted risk of high- grade disease and report the rate of 
biopsy in each category. We will then calculate the proba-
bility of biopsy by the predicted risk of high- grade cancer 
using locally weighted scatterplot smoothing (lowess).

We will conduct two additional exploratory anal-
yses. First, we will evaluate the hypothetical results in 
the control group had biopsy been restricted to those 
meeting different biopsy criteria—including PI- RADS 3 
or higher; PI- RADS 4 or higher; PI- RADS 3 or higher or 
PSA density >0.2 ng/mL/mm3—reporting the number 
of biopsies that would have been conducted and the 

number of clinically significant cancers found for each 
strategy in comparison to the observed strategy of taking 
biopsies from all men. The results of these analyses will 
be standardised per 1000 men presenting with elevated 
PSA. The inter- reader variability between central and 
local reader- reported PI- RADS scores will be analysed 
using the Kendall tau- b. In the second exploratory anal-
ysis, we will report the calibration of the prediction model 
in the control group. The calibration will be performed 
using two models: Likert and PI- RADS V.2.1 scores and by 
incorporating.

Patient and public involvement
Patients or the public were not involved in the design and 
will not be involved in the conduct, reporting or dissemi-
nation plans of our research.

ETHICS AND DISSEMINATION
Ethics
The study will be conducted in compliance with the 
current revision of the Declaration of Helsinki guiding 
physicians and medical research involving human subjects 
(64th World Medical Association General Assembly, 
Fortaleza, Brazil, 2013). The study (initial approval, 
protocol V.1.0, 17 September 2019; latest protocol V.2.1, 
21 September 2021) is approved by the EC of the Hospital 
District of Southwest Finland (IORG number: 0001744, 
IBR number: 00002216), (trial number: 99/1801/2019) 
and registered. Any important modifications and amend-
ments to trial protocol will be approved by the EC and all 
parties participating in the study will be informed.

Data monitoring
Risk- based data monitoring will be performed according 
to the monitoring plan (online supplemental file 2).

Insurance
The study subjects are insured during the study by the 
‘Insurance against medicine- related injuries’ (In Finnish: 
‘Lääkevahinkovakuutus’) under regulations currently in 
effect in all participating centres.

Study report and publications
Any formal presentation or publication of data collected 
from this research protocol will be considered as a joint 
publication by the investigator(s) and other appropriate 
persons deemed to have a significant academic output in 
the implementation of the study. Full reports of this study 
will be submitted to peer- reviewed journals in concerned 
fields (mainly radiology and oncology).

Following completion of the trial, free public access 
to all data will be provided like to our previous single- 
(IMPROD, NCT01864135) and multi centre (Multi- 
IMRPOD, NCT02241122) trials available at http://petiv. 
utu.fi/improd/ and http://petiv.utu.fi/multiimprod/, 
respectively.

https://dx.doi.org/10.1136/bmjopen-2021-053118
http://petiv.utu.fi/improd/
http://petiv.utu.fi/improd/
http://petiv.utu.fi/multiimprod/
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Study schedule
The study started in February 2020. All the subjects are 
expected to be recruited by May 2022. The prospective 
follow- up will stop in 2027. Long- term follow- up based on 
medical charts will stop in 2042.

Study centres
A detailed description of all study centres is provided in 
https://clinicaltrialsgov/ct2/show/.

Central Finland Central Hospital, Jyväskylä, Finland, 
40 620

Satakunta Central Hospital, Pori, Finland, 28 500.
Tampere University Hospital, Tampere, Finland, 33 520.
Turku University Hospital, Turku, Finland, 20 521.

DISCUSSION
The trial is designed to show that as a triage test an indi-
vidualised MRI- based risk estimation is non- inferior to 
MRI- targeted biopsies in men with suspicion of prostate 
cancer. Although one might argue that several risk scores 
for prostate cancer exist, the study is extremely timely and 
relevant by establishing a contemporary risk score with 
data from prostate MRI and, more importantly, using the 
score in a scenario of shared decision- making.

However, some issues should be discussed. First, the 
selection of GGG 3 or higher as a definition of clinically 
significant prostate cancer instead of using Gleason GGG2 
as a cut- off is debatable. The overall Gleason score will be 
defined according to the most common Gleason pattern 
and the highest Gleason pattern based on the combina-
tion of Gleason patterns in targeted and systematic biop-
sies. This will eventually lead to saturation of the Gleason 
pattern of the targeted biopsies and most notably to a 
stage migration towards higher overall Gleason grades. 
The approach is also supported by two recent prostate 
MRI trials, the PROMIS and the National Cancer Insti-
tute MRI trial, which both used GGG 3 as a definition 
of clinically significant prostate cancer.4 24 Therefore, we 
consider the approach justified.

Second, a non- inferiority margin of −8% needs to be 
addressed. We acknowledge that other prostate MRI trials 
using the non- inferiority setting have adopted a margin of 
−5%.5 25 However, the study designs are not comparable
to our study. In the Prostate Evaluation for Clinically
Important Disease: Sampling Using Image Guidance or
Not -trial (PRECISION) and the trial by Klotz et al, novel
technology, that is, MRI- guided biopsies, was compared
with traditional technology, the TRUS- guided biopsies
and the outcome from the technology dictated patient
interventions. In that setting, it is crucial that the outcome 
after interventional diagnostics is analogous or even supe-
rior compared with traditional ones. In our trial, patient
characteristics and preferences and clinicians’ recom-
mendations are taken into account and, therefore, we are
confident that a more liberal non- inferiority margin can
be accepted. Ultimately, the patient makes the decision.

The cohort should also be addressed. It is purely of 
Caucasian origin and consists of Finnish men, a popula-
tion presenting with a low level of opportunistic screening 
for prostate cancer. Therefore, the results may not be 
directly generalised to men of non- Caucasian origin or 
populations with higher rates of opportunistic prostate 
cancer screening.
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