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OBJECTIVES: Early-onset prostate cancer is becoming increasingly prevalent, and MRI-first strategies are gaining interest as a
potential screening tool. However, MRI characteristics of the prostate in younger men remain underexplored. This study aimed to
characterize prostate MRI features in a young, asymptomatic male cohort undergoing contrast-free biparametric MRI for prostate
cancer screening, to determine the detection rate of clinically significant prostate cancer, and to identify clinical and imaging
predictors of clinically significant disease.
METHODS: A total of 659 prostate MRIs were acquired; after excluding men who declined biopsy, 641 participants formed the final
cohort. Peripheral-zone signal patterns on T2-weighted imaging (T2WI), diffusion-weighted imaging (DWI), and apparent diffusion
coefficient (ADC) maps were assessed by two blinded radiologists. PI-RADS scores were assigned independently. Men with PI-
RADS ≥ 4 were offered targeted MRI–TRUS fusion biopsy (PI-RADS 3 in case of PSAD ≥ 0.16). Multivariable logistic regression was
performed to identify independent predictors of csPCa.
RESULTS: Median PSA 1.02 ng/mL (IQR 0.58–2.03) and PSA density (PSAD) 0.03 ng/mL/mL (IQR 0.02–0.05). The most common
peripheral-zone appearance was heterogeneous T2 hypointensity (74.7%), homogeneous DWI hyperintensity (59.4%), and
homogeneous ADC hypointensity (66.1%). PI-RADS distribution was: 0.5% PI-RADS 1, 81.1% PI-RADS 2, 14.2% PI-RADS 3, 3.6% PI-
RADS 4, and 0.6% PI-RADS 5. Forty-one men (6.4%) underwent biopsy, yielding 5 ciPCa, 23 csPCa, and 13 negative results,
corresponding to csPCa in 3.6% of the entire cohort. In multivariable analysis, PSAD ≥ 0.15 ng/mL/mL, PI-RADS 4–5, and family
history were independently associated with csPCa (all p < 0.01).
CONCLUSIONS: Contrast-free bpMRI effectively characterizes prostate morphology in younger men and identifies csPCa at an early
stage. PSAD, PI-RADS category, and family history significantly enhance risk stratification, supporting the integration of bpMRI-
based approaches into future MRI-first screening strategies for younger, asymptomatic populations.
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INTRODUCTION
Prostate cancer (PCa) is a complex and multifactorial disease that
requires early detection to enable prompt treatment [1]. It
represents a major global health challenge, affecting approxi-
mately one in seven men, with incidence and mortality rates being
affected by age, family history, and geographic variability [2]. In
recent years, a growing body of epidemiological evidence has
highlighted a rising incidence of prostate cancer, becoming the
second most common cancer in men, also including patients
younger than 60 years [3].
To date, no universally accepted screening strategy for PCa has

been established, while recommendations of its risk-based early
diagnosis have been proposed. While low-risk individuals typically
undergo follow-up without imaging, those at intermediate or high
risk are referred for prostate magnetic resonance imaging (MRI)
[4, 5]. Although PSA screening has been shown to reduce PCa-
specific mortality, it is also associated with the detection of a high

proportion of clinically insignificant prostate cancers (ciPCa),
leading to potential overdiagnosis and overtreatment [6–8].
Conversely, MRI and PI-RADS score have demonstrated high

diagnostic accuracy in PCa detection [9, 10]. Moreover, non-
contrast biparametric MRI (bpMRI) has emerged as a promising
alternative to multiparametric MRI [11–13] and as a potential
screening tool, offering shorter acquisition times, eliminating
contrast-related risks, and therefore appearing more suitable for
large-scale screening or first-line evaluation, especially in younger
and lower-risk patients. Recent trials, including ongoing multi-
center studies, have investigated the feasibility of MRI-first
strategies, underscoring the potential role of bpMRI in early
cancer detection [14–18].
Moreover, prostate MRI frequently uncovers incidental or

collateral findings beyond the gland itself, such as pelvic vascular
anomalies, bone lesions, rectal abnormalities, or lymphadeno-
pathy, which may carry clinical significance, particularly in
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younger, asymptomatic individuals undergoing imaging for the
first time [19, 20]. Despite this, most existing MRI research has
predominantly focused on older men at higher risk for PCa,
leaving a gap in our understanding of prostate morphology,
function, and incidental findings in younger populations.
Given these considerations, a deeper investigation of prostate

MRI characteristics in young, prostate cancer–naïve men could
provide valuable baseline information and improve our under-
standing of both normal and potentially suspicious imaging
patterns in this demographic.
Accordingly, the primary objective of this study is to

characterize the prostate gland’s imaging features in a young,
asymptomatic cohort of men with no prior diagnosis of prostate
cancer. As secondary aims, we evaluate the detection rate (DR) of
clinically significant prostate cancer (csPCa) using biparametric
MRI (bpMRI), assess the relationship between MRI findings and
relevant clinical or laboratory parameters, and describe the
prevalence and nature of incidental extra-prostatic findings
identified during imaging.

MATERIALS & METHODS
Study design
This is a prospective, interventional and observational study
including a cohort of male subjects, all active-duty military
personnel, who underwent prostate biparametric magnetic
resonance imaging (bpMRI) as part of a screening program. The
study received formal approval from the Local Ethics Committee;
written informed consent was obtained from each participant.
Inclusion criteria were age between 40 and 69 years, availability

of complete demographic and clinical data, and absence of prior
prostate cancer diagnosis or urological interventions. Patients with
incomplete records or a history of prostate malignancy were
excluded.

Magnetic resonance imaging acquisition and reporting
All examinations were conducted on one 1.5-Tesla MRI scanners
(MAGNETOM Sola Siemens), using a 32-channel surface phased-
array pelvic coil, according to all the technical recommendations
of PI-RADS v2.1. The protocol includes high-resolution T2-
weighted imaging (T2WI) in the axial and coronal planes and
diffusion weighted imaging (DWI) at b-values of 100, 800, 1000,
and 2000 s/mm2 with apparent diffusion coefficient (ADC) map
reconstruction (based on 100, 800, and 1000 s/mm2) and a large

field-of-view DIXON sequence without contrast media
injection. Protocol characteristics are detailed on Supplementary
Table 1.
Two radiologists, both experienced in prostate MRI interpreta-

tion (one with more than 15 years of experience and the other one
with 5 years of experience), independently analyzed all examina-
tions. Both readers were blinded to clinical, laboratory, and
histopathological data. The radiologists assigned a PI-RADS score
to each alteration detectable on the bpMRI, according to PI-RADS
v2.1 recommendations [9]. A score of 1 or 2 indicates a very low or
low probability of PCa, respectively; a score of 4 or 5 indicates a
high or very high probability of PCa, respectively. The defined MRI
threshold for setting indication to biopsy was PI-RADS score of ≥4
and PI-RADS 3 when associated with PSA-density ≥0.15 ng/mL/mL
[21–25].
The peripheral zone was evaluated by both readers on T2-

weighted (T2W) images, diffusion-weighted imaging (DWI) and
the apparent diffusion coefficient (ADC) maps, who described it as
detailed on Table 1.
MR image quality proved to be a critical factor [26, 27];

therefore, examinations with low-quality imaging were excluded
from the study. To ensure consistency in this assessment, we
applied the Prostate Imaging Quality (PI-QUAL) version 2 criteria
[28] and included only MRIs classified with a PI-QUAL score of 2 or
3, therefore of acceptable/optimal quality.

Prostate targeted biopsy
Every patient advised undergoing biopsy underwent an MR-
directed biopsy (MRDB) with a targeted approach, utilizing the
TRUS (transrectal ultrasound)-MR image fusion technique. The
MRDB procedure was carried out by the same experienced
radiologists who acquired the MR images. All the samples were
stored and preserved formalin-filled containers and analyzed by a
pathologist with 15 years of expertise in genitourinary pathology,
who documented the biopsy cores using a homogeneous
nomenclature.
Clinically significant prostate cancer (PCa) is defined as an

International Society of Urogenital Pathology (ISUP) grading group
(GG) ≥ 2.

Statistical analysis
Descriptive statistics were used to summarize patient character-
istics and MRI findings. Categorical variables were compared using
the Chi-square test or Fisher’s exact test as appropriate.

Table 1. Peripheral-zone signal characteristics on T2-weighted imaging (T2WI), diffusion-weighted imaging (DWI), and apparent diffusion coefficient
(ADC) maps.

Sequence Signal Pattern n. % (95% CI)

T2WI Diffusely hypointense ( > 80% low signal) 96 15.0 (12.4–17.9)

Heterogeneously hypointense (30–80% low signal) 479 74.7 (71.2–77.9)

Predominantly hyperintense ( < 30% low signal) 66 10.3 (8.2–12.9)

DWI Normal 69 10.8 (8.6–13.4)

Heterogeneously hyperintense 139 21.7 (18.7–25.0)

Homogeneously hyperintense 381 59.4 (55.6–63.2)

Heterogeneously hypointense 36 5.6 (4.1–7.7)

Homogeneously hypointense 16 2.5 (1.5–4.0)

ADC maps Normal 37 5.8 (4.2–7.9)

Heterogeneously hyperintense 60 9.4 (7.3–11.9)

Homogeneously hyperintense 6 0.9 (0.4–2.0)

Heterogeneously hypointense 114 17.8 (15.0–20.9)

Homogeneously hypointense 424 66.1 (62.4–69.7)
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Between-group differences for continuous variables were
evaluated using non-parametric tests (Mann–Whitney U test for
two groups, Kruskal–Wallis test for more than two groups).
Cohen’s κ coefficients were calculated to quantify inter-reader

agreement for both PI-RADS scoring and peripheral zone signal
classification.
Univariable and multivariable analysis with logistic regression

was performed to assess which of the following variables was
independently predictive of csPCa: patient age (<50 vs. ≥50),
family history (positive vs. negative), comorbidities (positive vs.
negative) PSA density value (<0.15 vs. ≥0.15 ng/mL/ mL), and the
PI-RADS score (<4 vs. ≥4).
The reference standard was defined using a composite

approach appropriate for a single-round screening setting: true-
positive cases were confirmed by histopathology, whereas true-
negative cases were defined by either a negative biopsy or stable
findings during follow-up (nonprogressive MRI appearance and/or
non-increasing PSA levels).
All tests were two-tailed, and a p-value < 0.05 was considered

statistically significant. Statistical analyses were conducted using
SPSS version 27 (IBM Corp., Armonk, NY, USA).

RESULTS
Patient characteristics
A total of 665 prostate MRIs were initially acquired. Eighteen
participants (2.7%; 95% CI: 1.72–4.24%) were excluded for
declining to undergo targeted biopsy despite radiological indica-
tion, and six men (0.9%; 95% CI: 0.41–1.95%) were excluded due to

low-quality imaging (PI-QUAL score = 1). The final study cohort
thus consisted of 641 men, only including MRIs classified as PI-
QUAL score 2 or 3. The median age was 55 years (IQR 53–59). The
median prostate-specific antigen (PSA) value was 1.02 ng/mL (IQR
0.58–2.03), and the median PSA density (PSAD) was 0.03 ng/mL/
mL (IQR 0.02–0.05).

MRI characteristics of the young population
Peripheral-zone signal characteristics on T2WI, DWI, and ADC
maps are summarized in Table 1. On T2WI, heterogeneous
hypointensity, defined as low signal involving 30–80% of the
glandular volume, was the most frequent appearance, observed in
479/641 men (74.7%, 95% CI 71.2–77.9). On DWI, homogeneous
hyperintensity was recorded in 381/641 men (59.4%, 95% CI
55.6–63.2), while on ADC maps, homogeneous hypointensity was
observed in 424/641 (66.1%, 95% CI 62.4–69.7) (Fig. 1).
Among the 641 men included, 137 (21.4%; 95% CI: 18.4–24.7%)

were aged ≥60 years. Of these, 103 (75.2%; 95% CI: 67.3–81.7%)
demonstrated an overall typical prostate appearance, character-
ized by higher T2 signal intensity and absent diffusion restriction,
consistent with known age-related imaging features.
Inter-reader agreement for the categorization of peripheral-

zone signal on T2WI, DWI, and ADC maps was excellent (κ= 0.85;
95% CI 0.80–0.89).

PI-RADS distribution
Among the 641 bpMRI examinations analyzed, 3/641 (0.5%, 95%
CI 0.2–1.4) were classified as PI-RADS 1, 520/641 (81.1%, 95% CI
78.0–84.1) as PI-RADS 2, 91/641 (14.2%, 95% CI 11.7–17.1) as PI-

Fig. 1 50-year-old man undergoing screening MRI with a PSA value of 0.7 ng/mL and no clinical suspicion of prostate cancer. a, b axial
and coronal T2WI show diffuse heterogeneous hypointensity of the peripheral zone. c DWI (b-value= 2000) demonstrates slight
homogeneous hyperintensity of the peripheral zone, with corresponding homogeneous diffused hypointensity on the ADC map d. No
suspicious lesions were identified, and an overall PI-RADS 2 score was assigned; the PSA-Density resulted 0,02 ng/ml2. PSA prostate-specific
antigen, T2WI,T2-weighted imaging, DWI diffusion-weighted imaging, ADC apparent diffusion coefficient, PI-RADS Prostate Imaging Reporting and
Data System.
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RADS 3, 23/641 (3.6%, 95% CI 2.4–5.4) as PI-RADS 4, and 4/641
(0.6%, 95% CI 0.2–1.6) as PI-RADS 5 (Table 2).
Inter-reader agreement for PI-RADS score assignment was

substantial, with a Cohen’s κ value of 0.82 (95% CI 0.76–0.86).

Detection rate
A total of 41/641 men (6.4%, 95% CI 4.7–8.6) underwent MR-
targeted biopsy. Among them, 13/41 (31.7%, 95% CI 17.5–45.9)
had negative histopathological results, 5/41 (12.2%, 95% CI

Table 2. Descriptive characteristics of the study population according to histopathological outcome.

Variable Total Cohort Negative/Inflammations ciPCa csPCa p-value*

Sample Size, n (%) 641 (100) 613 (95,6) 5 (0,8) 23 (3,6) <0,001

Age (years), Median (IQR) 55 (53–59) 55 (53–58) 58 (53–73) 58 (56–67) 0,277

Comorbidities, n (%)

No 594 (92,6) 576 (89,8) 2 (0,3) 16 (2,5)

Yes 47 (7,4) 37 (5,8) 3 (0,5) 7 (1,1) < 0,001

Family history, n (%)

No 580 (90,5) 561 (87,5) 4 (0,6) 15 (2,3)

Yes 61 (9,5) 52 (8,1) 1 (0,2) 8 (1,2) < 0,001

PSA (ng/ml), Median (IQR) 1,1 (0,6–2,3) 1,0 (0,6–2,1) 4,3 (1,9–9,5) 3,7 (2,9–6,3) <0,001

Prostate Volume (ml), Median (IQR) 34 (26–47) 34 (26–47) 40 (29–60) 37 (34–57) 0,422

PSA Density (ng/ml2), Median (IQR) 0,03 (0,02–0,06) 0,03 (0,02–0,05) 0,17 (0,04–0,18) 0,13 (0,11–0,16) <0,001

PI-RADS, n (%)

1 3 (0,5) 3 (0,5) 0 (0) 0 (0)

2 520 (81,1) 520 (81,1) 0 (0) 0 (0)

3 91 (14,2) 86 (13,4) 3 (0,5) 2 (0,3) < 0,001

4 23 (3,6) 3 (0,5) 2 (0,3) 18 (2,8)

5 4 (0,6) 1 (0,2) 0 (0) 3 (0,5)

PSA prostate-specific antigen, PI-RADS Prostate Imaging Reporting and Data System, ciPCa clinically insignificant prostate cancer, csPCa clinically significant
prostate cancer.

Fig. 2 A 54-year-old man with elevated PSA (4.1 ng/mL) and PSA density of 0.17 ng/mL/mL underwent biparametric prostate MRI. a, b
axial and coronal T2WI reveal a focal hypointense lesion in the left posterolateral peripheral zone at the apex. c DWI (b-value 2000)
demonstrates corresponding focal hyperintensity, with markedly low signal on the ADC map d. The lesion measured 10mm and it was
classified with a PI-RADS 4 score. The lesion was subsequently targeted using MRI–TRUS fusion biopsy, and histopathology confirmed clinically
significant prostate cancer, Gleason score 7 (4+ 3). PSA prostate-specific antigen, T2WI T2-weighted imaging, DWI diffusion-weighted imaging, ADC
apparent diffusion coefficient, PI-RADS Prostate Imaging Reporting and Data System, TRUS transrectal ultrasound.

E. Messina et al.

4

Prostate Cancer and Prostatic Diseases



2.2–22.2) were diagnosed with clinically insignificant prostate
cancer (ciPCa), and 23/41 (56.1%, 95% CI 40.9–71.3) were found to
have csPCa (Fig. 2).
When considering the entire MRI cohort (n= 641), this

corresponds to 13/641 (2.0%, 95% CI 0.9–3.1) with negative
biopsy, 5/641 (0.8%, 95% CI 0.1–1.5) with ciPCa, and 23/641 (3.6%,
95% CI 2.2–5.0) with csPCa.

Descriptive and multivariate analyses
Comparative demographic and clinical characteristics among
subgroups (negative/inflammatory, ciPCa, and csPCa) are reported
in Table 2.
In the multivariate logistic regression model (Table 3), PSA

density ≥0.15 ng/mL/mL emerged as an independent predictor of
csPCa (adjusted OR 0.08, 95% CI 0.05–0.12; p < 0.001). Moreover,
PI-RADS score (≥4) was also significantly associated with csPCa
(adjusted OR 0.78, 95% CI 0.74–0.82; p < 0.001). Another factor
correlating with csPCa was family history of PCa (adjusted OR 0.04,
95% CI 0.01–0.06; p= 0.003). Age and comorbidities were not
independently correlated after adjustment for other variables.

Incidental extra-prostatic findings
Incidental extra-prostatic abnormalities were identified in 326/641
examinations (50.9%, 95% CI 47.0–54.8) (see Supplementary
Table 2). The most common were colonic diverticulosis in 84/
641 (13.1%, 95% CI 10.7–15.9) and inguinal hernias in 69/641
(10.8%, 95% CI 8.6–13.4), with bilateral cases in 1.4% (95% CI
0.7–2.6). Musculoskeletal changes included discopathy or Modic
changes in 11/641 (1.7%, 95% CI 1.0–3.1). Less frequent but
clinically relevant findings included bladder wall thickening or
trabeculation suggestive of chronic outlet obstruction (5.9%, 95%
CI 4.3–8.0), bladder lesions (0.3%, 95% CI 0.1–1.1) and suspicious
lymphadenopathy or soft-tissue abnormalities requiring further
evaluation (0.3%, 95% CI 0.1–1.1).

DISCUSSION
This study provides novel insights into the MRI characteristics of
the prostate in a relatively young and asymptomatic male
population, a cohort that remains underrepresented in the current

literature. The findings highlight characteristic morphological and
signal differences compared to older individuals, with important
implications for image interpretation, diagnostic accuracy, and the
development of potential screening strategies.
Evaluation of the peripheral zone revealed that most partici-

pants exhibited heterogeneous low signal intensity on T2-
weighted imaging, observed in 74.7% of cases, while 10.3%
showed a predominantly high T2 signal indicative of preserved
glandular architecture. This observation aligns with prior studies
showing that the peripheral zone in younger patients tends to
appear hypointense or isointense on T2-weighted images, unlike
the typically hyperintense signal seen in older individuals [29–31].
The reduced signal intensity has been attributed to the lower
water content and shorter T2 relaxation times associated with
stromal predominance and decreased glandular density [29, 30].
On diffusion-weighted imaging (DWI), the peripheral zone was
most frequently homogeneously hyperintense (59.4%), with
corresponding homogeneous hypointensity on ADC maps
(66.1%), reflecting globally reduced apparent diffusion coeffi-
cients. This concordant pattern between DWI and ADC map likely
represents a physiologically dense glandular microstructure,
consistent with the higher cellular and stromal composition
typical of younger men. Consistent with histological observations,
the prostate gland in young adult males contains a higher
proportion of compact fibromuscular stroma and fewer glandular
acini, which translates directly into imaging findings. Such age-
related differences are physiological rather than pathological, and
they may be due to higher androgenic activity, increased
glandular cellularity, and compact stromal tissue. However, they
can mimic or obscure inflammatory or neoplastic processes,
potentially complicating interpretation in a screening setting
[30–32]. Recognizing these normal variants is therefore crucial to
avoid overdiagnosis or unnecessary biopsy in younger patients
undergoing prostate MRI. Our findings also show that men aged
≥60 years more often exhibit typical age-related features,
including a hyperintense peripheral zone on T2-weighted imaging
and absence of diffusion restriction. Additionally, the transitional
zone may appear more homogeneous, lacking the heterogeneous
nodular pattern commonly associated with benign prostatic
hyperplasia (BPH) in older men [33]. These baseline characteristics

Table 3. Multivariate logistic regression analysis for predictors of clinically significant prostate cancer (csPCa).

Variables Evidence of csPCa n (%) – 641 P* Odds Ratio* P** Odds Ratio**

Not Yes

Age (mean)

<50 260 (40,6) 2 (0,3) 0,001 0,05 (0,02–0,08) 0,715 0,02 (0,01–0,03)

≥50 358 (55,8) 21 (3,3)

Family History

NO 565 (88,1) 15 (2,3) <0,001 0,10 (0,06–0,15) 0,003 0,04 (0,01–0,06)

YES 53 (8,4) 8 (1,2)

Comorbidities

NO 578 (90,2) 16 (2,5) <0,001 0,12 (0,07–0,18) 0,854 0,01 (0,01–0,03)

YES 40 (6,2) 7 (1,1)

PSA Density (ng/ml2)

<0,15 599 (93,4) 16 (2,4) <0,001 0,24 (0,17–0,31) <0,001 0,08 (0,05–0,12)

≥0,15 19 (3,1) 7 (1,1)

PI-RADS Score

<4 613 (95,6) 2 (0,3) <0,001 0,80 (0,77–0,84) <0,001 0,78 (0,74–0,82)

≥4 5 (0,8) 21 (3,3)

PSA, prostate-specific antigen; PI-RADS, Prostate Imaging Reporting and Data System.
*Univariate analysis; p value < 0.05 was considered for statistical significance (bold values within the table).
**Multivariable analysis; p value < 0.05 was considered for statistical significance (bold values within the table).
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must be carefully considered when evaluating young patients,
particularly in the context of early screening or incidental findings,
to avoid overdiagnosis and misclassification.
Despite the younger age and absence of clinical suspicion in our

cohort, a notable proportion of participants exhibited PI-RADS ≥ 3
lesions, with clinically significant prostate cancer (csPCa) confirmed
in 46.1% of those who underwent targeted biopsy. This detection
rate, although based on a small subset, suggests that MRI could play
a valuable role even in low-risk populations, enabling the early
identification of clinically significant disease. Moreover, consistent
with previous evidence, the use of biparametric MRI (bpMRI), which
omits contrast media maintains a high diagnostic performance
while remaining safe, non-invasive, and cost-effective for large-scale
or preliminary screening applications [12, 14, 16, 18, 34].
While our study adopted an inclusive MRI-first approach

without pre-screening based on PSA levels, we found that the
median PSA values were higher among men undergoing biopsy.
Although our study was not designed to identify a PSA threshold,
and no dedicated analysis was performed on this aspect, we
hypothesize that a PSA value around 2.5–3.0 ng/mL could serve as
a contributing factor for risk-stratification of asymptomatic men
[35, 36]. This threshold requires dedicated validation in future
prospective cohorts. In the multivariate analysis, PSA density
emerged as a strong independent predictor of csPCa, with
values ≥ 0.15 ng/mL/mL markedly increasing the likelihood of its
detection (p < 0,001). This finding is consistent with other MRI-
based diagnostic studies, including evidence demonstrating the
useful role of PSA-Density in refining risk stratification in biopsy-
naïve men with clinical suspicion of PCa [23, 37]. Moreover, PI-
RADS score also retained a significant independent association
with csPCa, confirming its robustness as a diagnostic tool even in a
younger screening cohort (p < 0,001). Interestingly, PI-RADS
threshold of 4 was independently associated with csPCa detection
in our multivariate analysis. This finding suggests that PI-RADS 4
may represent an appropriate biopsy threshold in a screening
setting, mirroring evidence already established for men with
clinical suspicion of prostate cancer [23, 38]. To mitigate the small
yet clinically relevant risk of missing csPCa within PI-RADS 3
lesions, PSA density may serve as an effective risk-stratifying tool,
helping to identify which equivocal lesions warrant further
diagnostic work-up, a strategy that has similarly proven valuable
in patients evaluated for clinical suspicion of prostate cancer [38].
Notably, family history of prostate cancer remained statistically
significant (p= 0.003) in the adjusted model, indicating that
hereditary risk contributes meaningfully to csPCa detection
beyond PSA density and imaging features.
Our findings align with the principles of risk-adjusted screening

strategies such as those proposed by the PROBASE trial [39].
PROBASE demonstrated that a baseline PSA < 1.5 ng/mL at age 45
identifies a large subgroup (89%) at very low 5-year risk for prostate
cancer, with only 0.13 PCa cases per 1000 person-years. In our
cohort, the PSA distribution was comparable, with a median of
1.02 ng/mL, suggesting a similar low-risk profile. Although PROBASE
used PSA alone, our imaging-based approach may further refine
early risk stratification. These complementary results support the
potential of integrating PSA-based thresholds and imaging
biomarkers (such as PSA Density and PI-RADS) into optimized early
screening pathways for younger asymptomatic men.
Beyond prostate evaluation, incidental extra-prostatic abnorm-

alities were documented in a considerable proportion of
examinations. The most frequent findings were colonic diverticu-
losis (13.1%), inguinal hernias (12.2%), and renal cysts (5.5%).
Although these findings are often clinically silent, they may hold
diagnostic or prognostic relevance, especially in asymptomatic
individuals. More severe but rare abnormalities, such as bladder
lesions (0.3%) and suspicious lymphadenopathy (0.3%), further
underscore the comprehensive diagnostic value of prostate MRI
beyond cancer detection [19, 40].

Overall, these results suggest that MRI not only offers high
diagnostic value for prostate cancer detection but also contributes
to the characterization of normal prostate morphology and
identification of incidental findings in younger populations.
Recognizing the baseline MRI features of the young prostate is
essential for accurate interpretation, minimizing false positives,
and guiding evidence-based screening protocols.
This study has several limitations. First, it was conducted in a

single center and included exclusively active-duty military
personnel, a relatively homogeneous and healthy population,
which may limit to the broader male population. Moreover, MRI
interpretation was performed only by experienced radiologist;
even though this ensured consistency, it may represent another
factor limiting generalizability. Another limitation of this study is
the use of a composite reference standard, whereby only men
who underwent biopsy had histopathological confirmation, while
negative status in the remaining participants was inferred from
stable MRI findings or non-increasing PSA levels. Although
unavoidable in a single-round screening design, and consistent
with methodologies used in prior early-detection studies, this
approach may introduce partial verification bias and could
underestimate the prevalence of the disease. Nevertheless, it
reflects real-world clinical practice and represents the most
feasible and ethically acceptable verification strategy for asympto-
matic, low-risk populations. Indeed, the cross-sectional design
precludes longitudinal assessment of lesion evolution or progres-
sion, and broader follow-up data would be valuable to confirm the
stability of MRI findings in younger individuals.

CONCLUSIONS
In this cohort of younger, contrast-free MRI depicted normal
prostate morphology and identified clinically significant prostate
cancer at an early stage. The predominant peripheral-zone
appearance, heterogeneous T2 hypointensity with corresponding
DWI/ADC changes, likely reflects normal age-related tissue
characteristics and should be recognized to avoid overinterpreta-
tion. PSA density, PI-RADS score, and family history were
independent predictors of clinically significant disease, high-
lighting their value in refining risk stratification. Overall, these
findings support contrast-free biparametric MRI as a feasible and
non-invasive tool for early prostate evaluation in younger men,
with PSA density and family history serving as key adjuncts to
enhance diagnostic precision.
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