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Article info Abstract

Article history: Background and objective: Multiparametric magnetic resonance imaging (mpMRI)

Accepted March 25, 2025 has emerged as an essential tool for the diagnosis of prostate cancer (PC). However,
the right time to start screening for PC is not defined. This study aims to analyse

Associate Editor: mpMRI in young men at the age of 47-52 yr with normal prostate-specific antigen

Roderick van den Bergh (PSA) values of <3 ng/ml.

Methods: In this prospective analysis, consecutive men undergoing PSA screening
with PSA levels below 3 ng/ml were offered mpMRI as part of the PROBASE study.
Magnetic resonance imaging (MRI) parameters were assessed, and the findings
resonance imaging included changes 1.n T2-weighted (T2w) images, apparent dlffu519n coefﬁc1§nt
Screening (ADC), and dynamic contrast enhancement (DCE). Prostate Imaging Reporting
Prostate-specific antigen and Data System (PI-RADS) category 4 or 5 would indicate a biopsy. The Kruskal-
Wallis test was used to compare the ADC and PSA values across different PI-
RADS categories, and the Spearman rho test was used to examine the relationship
between T2w changes and PSA values for PI-RADS categories.

Key findings and limitations: Forty-seven men were included (median PSA
1.22 ng/ml; interquartile range 0.47-1.79 ng/ml) between September 2021 and
March 2022. High-quality MRI (median Prostate Imaging Quality [PI-QUAL] score
5) resulted in a median PI-RADS classification of 2 with low prostate volumes
(median 27 ml). PI-RADS 3 classification occurred in 45% (median PSA 1.51 ng/ml).
No score higher than PI-RADS 3 was observed. After 2-yr follow-up, no PC was
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reported in these men. For the peripheral zone (PZ), diffuse T2w changes were pre-
sent in 81%. Focal and accentuated T2w changes were detected in 11% and 40%,
respectively. DCE of the PZ was observed partially and severely in 53% and 17%,
respectively. Limitations of this study are its small sample size, which provides
more uncertainty regarding whether we were able to find reliable estimates for
the outcomes explored in this study, the single-centre design, and the limited
histopathological proof of nonmalignant cases.

Conclusions and clinical implications: In younger men with normal PSA levels, clini-
cally significant PC was not detected on MRI. When using the PI-RADS classifica-
tion, extensive T2w changes and DCE led to a classification in category 3, an
observation that we made frequently in this cohort. The MRI appearance in these
cases seem more likely to be age specific or inflammatory due to not PC-specific
ADC values, but nonetheless PC cannot be excluded safely.

Patient summary: Magnetic resonance imaging characteristics in young healthy
men with normal prostate-specific antigen levels are, in particular, diffuse T2-
weighted hypointensity and dynamic contrast enhancement of the peripheral zone.
These seem to be more likely age specific or inflammatory, but resulted in a higher
proportion of patients with Prostate Imaging Reporting and Data System 3
classification.

© 2025 The Author(s). Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).

1. Introduction

Accurate diagnosis is crucial in men suspected of having
prostate cancer (PC). A reliable diagnostic tool should effec-
tively distinguish between benign and malignant condi-
tions. Multiparametric magnetic resonance imaging
(mpMRI) has emerged as an essential tool in the diagnostic
pathway of PC and has become an integral part of interna-
tional PC guidelines, enabling a magnetic resonance imag-
ing (MRI)-guided biopsy to address suspicious targets
detected on mpMRI [1-4].

Recently, MRI has been incorporated into various screen-
ing strategies [5-9]. However, population-based screening
remains unestablished, with many options available only
through patient self-referral. In many screening strategies,
MRI is used as a follow-up test when the initial screening,
such as prostate-specific antigen (PSA) levels or other PC
biomarkers, shows abnormal results. Owing to the modest
sensitivity of PSA, international guidelines have been
unable to provide a threshold recommendation. Some stud-
ies utilise MRI as the primary screening tool, potentially
replacing PSA testing entirely (eg, IP1-PROSTAGRAM and
MVP) [7,8]. In this context, the precision of MRI is crucial.
Another challenge is the correct image interpretation in
the context of different age groups. Experience with imag-
ing for screening in elderly men has already been reported
(eg, Gothenburg and Stockholm studies) [5,6]. Prostate
Imaging Reporting and Data System (PI-RADS) version 2.1
was also originally designed and assessed for an older male
population [10-12]. However, the extent to which this can
also be transferred to younger collectives remains unclear.
Data from the on-going “BLINDED” screening study demon-
strated that interpretation of MRI results in young men
(first screening round at 45 yr) is challenging and benefits
significantly from expert reading [13].

There is a lack of information about the MRI appearance
of ostensibly healthy younger men, with normal PSA levels
and without any prostate clinic manifestations (such as
florid inflammation, benign prostatic hyperplasia, and lower
urinary tract symptoms). However, this knowledge is essen-
tial for the interpretation of changes in screening and for
correct categorisation. Only a few studies have addressed
the appearance of MRI in young men without PC in
histopathology [14-16].

Considering the fact that the right time to start screening
for PC is not defined, it is essential to investigate and also
analyse MRI examinations in healthy young men. Therefore,
with this study, we aimed to characterise typical MRI
appearance in men at the age of 50 yr, since this is impor-
tant for the understanding and interpretation of MRI exam-
inations in this age group and provides further information,
especially when considering MRI as part of future screening
strategies at a population level.

2. Patients and methods

2.1. Study population and design

This study (MRInPSA) was designed for men within the
PROBASE trial [17]. The study was approved by the local
ethics committee. Written informed consent was obtained
from every participant. Between September 2021 and
March 2022, men invited to PROBASE underwent PSA
screening. PROBASE analyses the benefits of PSA screening
starting from the age of 45 or 50 yr and offers mpMRI of
the prostate to men with elevated PSA values above 3.0
ng/ml. However, as part of this study, men at the age of
47-52 yr without an elevated PSA level were also invited
for an MRI examination. The first screening visit with the
determination of PSA blood levels was about 8 wk before
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the MRI examination. Confirmatory PSA values were
determined after an interval of 4 wk from the first screening
visit. All the included men were therefore categorised as
having a low risk. We systematically evaluated MRI data
(prostate volume, PSA density [PSAD], image quality,
PI-RADS category, diffuse signal changes in the peripheral
zone [PZ], presence of focal changes in the PZ, representa-
tive highest and lowest apparent diffusion coefficient
[ADC] values, enhanced signal at high b value images,
changes in dynamic contrast enhancement [DCE], and
presence of hyperplasia). We focused, in particular, on the
characteristics of the PZ, as this is where the majority of
clinically significant tumours arise, and this requires special
attention in young men, whereas in older men, the transi-
tion zone also comes more into focus due to the presence
of benign prostate hyperplasia. For a further analysis for
distinguishing between different PI-RADS categories, ADC
and PSA were the only metrics tested because these were
considered the most biologically and clinically relevant
markers. This decision was made a priori and based on their
established role in PC detection, PSA as a widely used serum
biomarker and ADC as a key imaging parameter reflecting
PC cellularity. MR image quality was assessed with the
Prostate Imaging Quality (PI-QUAL) score [18]. All patients
were followed up over a period of at least 2 yr by means
of PSA monitoring and repeat MRI in the event of PI-RADS
3 findings or an increase in PSA. The study objective was
to quantify parameters, which characterise MRI in this
specific age group to better understand the MRI appearance
in younger men and to improve the reading of prostate MRI
in an early screening setting.

2.2. Imaging

All mpMRI scans were conducted u 3 T MRI scanners. MRI
parameters contained T2-weighted (T2w) turbo spin echo
sequences in three planes (axial: voxel size 0.5 x 0.5 x
3.0 mm?; field of view 130 mm), diffusion-weighted
imaging (DWI; z-EPI [ZOOMit; Siemens Healthineers] and
rs-EPI [RESOLVE; Siemens Healthineers]; voxel size 1.4 x
14 x 3.0 mm?; b values 0, 500, and 1000 s/mm? plus
calculated 1800 s/mm?), and DCE (T1 vibe; voxel size
0.8-1.5 x 0.8-1.5 x 3.0 mm?, scan time 3 min, temporal
resolution 7 s) in line with the recommendations of
PI-RADS version 2.1 [19,20]. ADC parameter maps were
calculated by the scanner using the standard monoexpo-
nential model.

2.3. Data and image analysis

The mpMRI data were initially read and supervised by an
uroradiologist (L.S.) with experience in reading prostate
MRI of >10 000 cases as part of the clinical routine. Prostate
volume was measured by dedicated software volumetry
(DynaCAD; Philips Healthcare), and PSAD was calculated
by dividing PSA blood levels by prostate volume. All exam-
inations were evaluated following PI-RADS version 2.1, and
the PI-RADS category was assessed for every study partici-
pant. The images were analysed again as part of the dedi-
cated study evaluation by two board-certified radiologists
(M.B. and L.S.) in consensus regarding MR characteristics

on T2w imaging, DWI, and DCE. The decision regarding
the rating was made by consensus. All images were evalu-
ated regarding the presence of diffuse PZ hypointensity at
T2w imaging, T2w focal changes, and enhancement pattern
on DCE. DCE in the PZ was defined as positive if there was
diffuse and early contrast enhancement (partial with 30-
70% and severe with >70% involvement of the PZ). For
DWI, regions of interest (ROIs) were defined on ADC maps.
A circular ROI was placed in a representative PZ area with
the highest ADC value and an ROI in an area with the lowest
ADC value for each prostate individually. Representative
ROIs did not include focal changes, even if any of these were
detected on T2w images. Signal intensities were measured
based on ROIs using the b1800 images. High b-value images
were checked for high signal intensity areas and considered
as positive if focal enhanced areas were present in the PZ.
Examples for different MRI characteristics are given in
Figs. 1 and 2, and Supplementary Figs. 1 and 2.

24. Statistical analysis

Data are presented as median plus interquartile range (IQR)
for both normal distributed variables (T2w hypointensity,
DCE, and ADC) and non-normal distributed variables (age,
PSA, PSAD, PI-RADS, and prostate volume). Statistical analy-
ses were performed using IBM SPSS Statistics (version 27;
IBM Corp, Armonk, NY, USA). We used the Kruskal-Wallis
test to compare the ADC and PSA values across different
PI-RADS categories because the data did not follow a normal
distribution, making this nonparametric test appropriate for
detecting differences between multiple independent
groups. We applied the Spearman rho test to examine the
relationship between the extent of diffuse or focal T2w
changes and PSA values across PI-RADS categories as it is
a nonparametric test suitable for assessing the correlations
between ordinal and continuous variables without assum-
ing a normal distribution.

3. Results

3.1. Participant characteristics

Fifty consecutive men (in the second screening round of the
PROBASE study at 47-52 yr of age) were screened, all
exhibiting PSA levels <3 ng/ml. Three men were excluded
(one due to claustrophobia and two due to refusal after
inclusion) so that our final collective consisted of 47 partic-
ipants. Clinical characteristics are described in Table 1.
None of the patients received a subsequent biopsy. After a
minimum follow-up of 2 yr (median 38 mo, IQR 32-43
mo), no PC was detected in this cohort.

3.2. MRI characteristics

MRI characteristics are illustrated in Table 2. The median
PI-RADS classification score was 2 (2-3) and the median
PI-QUAL score was 5 (4-5). We detected diffuse PZ T2w
hypointensity in over 80% of all men. Regional T2w changes
were present in 40% (accentuated) and 11% (focal) of men.
For DCE images, we observed diffuse and early enhance-
ment patterns in 53% (partial) and 17% (severe),
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Fig. 1 - For 50-yr-old men, PSA 0.39 ng/ml (PSAD 0.01 ng/ml/cm?). Multiparametric MRI with (A) severe diffuse but no focal T2w changes in the peripheral zone
(PZ), (B) no focal changes on ADC map or (C) high b-value images, and (D) slight symmetric enhancement on DCE in PZ, PI-RADS 3, and PI-QUAL 4.
ADC = apparent diffusion coefficient; DCE = dynamic contrast enhanced imaging; MRI = magnetic resonance imaging; PI-QUAL = Prostate Imaging Quality; PI-
RADS = Prostate Imaging Reporting and Data System; PSA = prostate-specific antigen; PSAD = PSA density; PZ = peripheral zone; T2w = T2 weighted.

.

Fig. 2 - For 51-yr-old men, PSA 2.36 ng/ml (PSAD 0.04 ng/ml/cm?). (A) Multiparametric MRI with partial diffuse and focal T2w changes in the peripheral zone
(PZ), (B) diffuse changes on ADC map and (C) high b-value images, and (D) symmetric enhancement on DCE in PZ, PI-RADS 3, and PI-QUAL 5. ADC = apparent
diffusion coefficient; DCE = dynamic contrast enhanced imaging; MRI = magnetic resonance imaging; PI-QUAL = Prostate Imaging Quality; PI-RADS = Prostate
Imaging Reporting and Data System; PSA = prostate-specific antigen; PSAD = PSA density; PZ = peripheral zone; T2w = T2 weighted.

Table 1 - Baseline parameters

Table 2 - MRI characteristics

Participants (n) 47

Age (yr), median (IQR) 50 (50-51)

PSA (ng/ml), median (IQR) 1.22 (0.47-1.69)
Prostate volume (ml), median (IQR) 27 (23-32)

PSAD, median (IQR)

IQR = interquartile range; PSA =
PSAD = prostate-specific antigen density.

0.04 (0.02-0.06)

prostate-specific

antigen;

respectively. Regarding ADC values in DWI, we observed a
broad distribution for the representative ROIs, with four
men showing areas with low ADC values below 1000
(x10~2 mm?/s). Of the men, 30% had enlarged prostate vol-
ume of >30 ml; three of them exhibited a volume of
>50 ml. We found a significant difference for PI-RADS cate-
gories in PSA levels (PSA cut-off 1.5 ng/ml; Table 3). Taking
a closer look at PSA and ADC values, there was one patient
with PI-RADS 1 category who showed a PSA value of 0.27, a
low ADC value of 1762 x 10~> mm?/s, and a high ADC value
of 2017 x 10~ mm?/s. PSA values and representative low
ADC values differed significantly between the different PI-
RADS categories of 2 and 3 (p = 0.029 and p = 0.021, respec-
tively). The results are presented in Table 4.

4. Discussion

Diffuse changes on MRI present a diagnostic challenge, par-
ticularly in the context of young men undergoing MRI in a

PI-RADS v2.1, n (%) PI-RADS 1 1(2.1)
PI-RADS 2 25 (53)
PI-RADS 3 21 (45)
PI-QUAL v1, n (%) PI-QUAL 3 6 (13)
PI-QUAL 4 8(17)
PI-QUAL 5 33 (70)
PZ Diffuse T2w changes, n (%) No 9(19)
Partial 29 (62)
Severe 9(19)
Focal T2w changes, n (%) No 23 (49)
Accentuated 19 (40)
Focal 5(11)
DCE, n (%) No 14 (30)
Partial 25 (53)
Severe 8 (17)
ADC values (x10> mm?[s), High 1827
median (IQR) (1692-1977)
Low 1185
(1096-1316)
DWI positive, n (%) 8(17)

ADC = apparent diffusion coefficient; DCE = dynamic contrast enhance-
ment DWI = diffusion weighted imaging; IQR = interquartile range; PI-
RADS = Prostate Imaging Reporting and Data System; PI-QUAL = Prostate
Imaging Quality; PZ = peripheral zone; T2w = T2-weighted imaging.

screening setting. Understanding the influence of MRI on
sensitivity and specificity in this specific male population
is essential. This study of healthy men with PSA values
below 3 ng/ml and a median age of 50 yr showed overall
a not PC-specific MRI appearance but still resulted in a high
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Table 3 - Comparison of PI-RADS, PSA, and T2w changes

Diffuse T2w changes in PZ p value
No Partial Severe
PI-RADS 1 1 0 0 0.25
2 4 18 3
3 4 11 6
Focal T2w changes in PZ
No Accentuated Focal
PI-RADS 1 1 0 0 0.067
2 16 8 1
3 6 11 4
PSA
<1.5 ng/ml >1.5 ng/ml
PI-RADS 1 1 0 0.021
2 20 5
3 10 11

PI-RADS = Prostate Imaging Reporting and Data System; PSA = prostate-specific antigen; PZ = peripheral zone; T2w = T2-weighted imaging.

Table 4 - Comparison of PI-RADS category with PSA and ADC values

PI-RADS 2 PI-RADS 3 p value
(n=25) (n=21)
PSA (ng/ml), median (IQR) 0.84 1.51 0.029
(0.45-1.42) (1.05-2.17)
ADC low (x10~3 mm?/s), 1242 1136 0.021
median (IQR) (1150-1429)  (1065-1209)
ADC high (x103 mm?2/s), 1779 1817 0.3
median (IQR) (1730-1951) (1622-1882)

ADC = apparent diffusion coefficient; IQR = interquartile range; PI-
RADS = Prostate Imaging Reporting and Data System; PSA = prostate-
specific antigen.

proportion of patients with PI-RADS 3 classification. The
higher representative ADC values of our cohort than those
of the PC cases in the first screening cohort of the PROBASE
trial of 50-yr-old men with PSA >3 ng/ml and that no case
was classified to have PI-RADS 4 or 5 indicate a collective
most likely without clinically significant PC (csPC), although
the present study lacks a histopathological correlation [13].

A study by Nam et al [8] comparing MRI and PSA screen-
ing included approximately 18% of men with csPC and nor-
mal PSA values. As there are rare subtypes of PC without
PSA expression (eg, neuroendocrine PC), csPC cannot be
ruled out by low PSA alone [21]. However, these csPC cases
will be discovered with high certainty by MRI (PI-RADS 4 or
5). However, the high incidence of PI-RADS 3 findings is still
striking. Similarly, over 40% of the first PROBASE cohort
screened with mpMRI was reported to have PI-RADS 3 at
reference reading. In this group with PSA values >3 ng/ml,
in 11% csPC was identified on a subsequent MRI/transrectal
ultrasound-fusion biopsy [13]. In the Goteborg study, tar-
geted biopsies for PI-RADS 3 yielded 23% International Soci-
ety of Urological Pathology (ISUP) 1 cancers and only 2%
more aggressive tumours (2% ISUP3 and none ISUP 4/5)
[5]. In our study, men exhibited an even higher prevalence
of PI-RADS 3 findings (45%). In our cohort, especially those
with PSA levels below 1.5 ng/ml showed inconspicuous
MRI findings, indicating a highly unlikely presence of
clinically relevant PC in these cases. However, it is worth
noting that the cases with PI-RADS 3 had a significantly
higher PSA value. It is known that the prevalence of PC rises

with increasing PSA values, starting below 3 ng/ml [22].
Therefore, for this group, it is difficult to rule out PC with
certainty, particularly because these PI-RADS 3 cases
showed more extensive T2w changes with a corresponding
subtle ADC reduction. However, evaluation of participants’
medical history in the PROBASE database with now
more than 2 yr of follow-up has shown no PC cases yet. A
possible approach to handle PI-RADS 3 cases in screening
scenarios could primarily be a follow-up with MRI and
PSA testing without a biopsy to avoid overdiagnosis. A
biopsy might be offered only in cases with elevated PSAD
(>0.15 ng/ml/cm?). The PROBASE study will give more clear
answers on that.

Analogous to previous studies, we also observed diffuse
T2w signal changes in the PZ [14-16]. These areas of
hypointensity align with the findings of De Visschere et al
[23], where areas of hyperintensity were considered “nor-
mal” in older men, indicative of glandular atrophy. The
ADC values in atrophic areas were higher, which was attrib-
uted to the higher water or mucinous content between the
atrophic tissues. Since diffuse T2w changes in the PZ seem
more often in younger men, atrophic appearance at MRI
would be considered more often in older men [17]. This is
consistent with the observations made by Bura et al [15],
who illustrated that younger males without PC displayed
diminished T2w signal intensities in the PZ, diffuse
enhancement on DCE imaging and reduced ADC values. A
hypothesised correlation between age and the background
heterogeneity of the PZ was proposed.

A diverse spectrum is observed in young men who exhi-
bit a range of conditions, including inflammation and, in
some cases, early atrophy within the PZ. Still, T2w
hypointensity cannot causally be linked to inflammation
or tumour. Instead, it should be regarded as age-
specifically normal, rendering tumour differentiation more
complex. Other sequence measurements must be employed
to assist in this regard, with the ADC appearing particularly
helpful. The potential implications of our data on the char-
acterisation of MRI alterations in individuals with benign
histopathological reports need further evaluation in subse-
quent clinical trials. Benign disease, such as prostatitis and
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atrophy, can mimic PC on MRI [19,24-28]. DWI, and
especially ADC, is one marker for differentiating between
PC and inflammatory disease. Uysal et al [25] stated ADC
values higher than 955 (x10~2 mm?/s) to predict non-
cancerous histopathology. In our collective, we found rather
high ADC values overall, also in comparison with the nega-
tively biopsied patients in the first round of screening as
part of the BLINDED study, with PSA values above 3 ng/
ml. Here, the median ADC value was 1000 (x10~3 mm?/s)
[28]. In fact, the ADC values observed here are more in the
range of the values of a previously published collective, in
which atrophy and prostatitis could be detected histologi-
cally; tumours were not detected here [14]. Nevertheless,
PI-RADS 3 cases had significantly lower ADC values, which
again emphasises the difficulty of differentiating
carcinomas.

Discussion of the results in the context of screening for
PC raises the question whether MRI is of value under these
circumstances. MRI screening requires significant expertise,
especially when interpreting scans without contrast agents.
Widespread uses in screening programmes are currently
limited by infrastructure and economic constraints, particu-
larly in Europe and other regions. Furthermore, the high
rates of PI-RADS 3 cases would result in high recall rates
with even more MRI examinations. A potential solution lies
in the widespread implementation of strictly certified high-
volume diagnostic centres. In addition, it must also be dis-
cussed whether the PI-RADS classification is adequate for
MRI reading in a screening setting. PI-RADS classification
is primarily based on experiences in significantly older col-
lectives, in which the image impressions differ from the
screening MRI in young men. Adaptions of the MRI scoring,
which, for example, set a higher threshold value for biopsy
decision and/or report a positive finding only in the case of
clear tumours, may therefore be useful [9,29].

This study has limitations. First, the study is limited by
its sample size and the single-centre evaluation. Second,
we have no histopathology as proof for nonmalignant cases.
However, there was neither PI-RADS 4 nor PI-RADS 5 classi-
fication in the cohort with a median PSAD of 0.04 ng/ml/cm?
and no reported PC case, within the PROBASE database,
among men analysed in our subproject during the follow-
up of 2 yr. Still, a 2-yr follow-up might be insufficient to
securely rule out tumour, given the natural history of PC.

5. Conclusions

Our study characterises the imaging appearance of MRI in
younger men with PSA values below 3 ng/ml. Characteris-
tics are diffuse T2w hypointensity, DCE of the PZ, and mean
ADC between 1200 and 1800 (x10~> mm?/s). Nearly half of
all participants were classified as having PI-RADS 3, empha-
sising the difficulties of applying the PI-RADS system to
younger individuals in a screening context. High expertise
in the interpretation of MRI results might be helpful in
addressing this issue. Even if no tumour could be detected
at follow-up after 2 yr, the detection rates of PI-RADS
category 3 in the PROBASE study in young men with PSA

>3 ng/ml raise the question whether there are also
(undetected) PC in PI-RADS 3 cases with PSA below 3 ng/ml.
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