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SUMMARY

Introduction/Objective Multiparametric MRI (mpMRI) is the standard imaging method for the detection
of clinically significant prostate cancer (csPCa). Biparametric MRI (bpMRI), which omits dynamic contrast-
enhanced imaging (DCE), may provide a faster and more accessible alternative. The aim of this study was
to compare bpMRI and mpMRI in the detection of csPCa and evaluate the role of PSA density (PSAD).
Methods This prospective study included 170 men with suspected prostate cancer. All patients underwent
3-T prostate MRI before biopsy. MRI findings were interpreted according to PI-RADS v2.1, and histopa-
thology served as the reference standard. Diagnostic performance was assessed at PI-RADS thresholds
of >4 and > 3. ROC analysis and logistic regression were used to evaluate PSAD.

Results Agreement between bpMRI and mpMRI was 98.2%. At the PI-RADS > 4 threshold, bpMRI showed
sensitivity of 97%, specificity of 77.9%, and accuracy of 85.3%, comparable to mpMRI (97%, 76.9%, and
84.7%). PSAD showed good diagnostic performance (AUC 0.872, 95% Cl, 0.813-0.931, p < 0.001). The
optimal cutoff selected by the Youden index was 0.205 ng/mL/cm?. Non-inferiority analysis confirmed
that bpMRI was non-inferior to mpMRI for overall diagnostic accuracy.

Conclusion Biparametric MRI demonstrated diagnostic performance comparable to that of and non-
inferior to mpMRI for detection of csPCa. PI-RADS > 4 was the optimal diagnostic threshold, while PSAD

improved risk stratification.
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INTRODUCTION

Prostate cancer is one of the most frequently
diagnosed malignancies in men worldwide
and remains a major public health issue [1, 2].
PSA testing has improved early detection, but
its limited specificity may lead to unnecessary
biopsies and overdiagnosis of clinically insig-
nificant tumors. Current diagnostic pathways
therefore aim to improve detection of clinically
significant prostate cancer (csPCa) while reduc-
ing unnecessary invasive procedures [3].

PSA density (PSAD), calculated as serum
PSA divided by prostate volume, has become
an important adjunctive parameter in patients
with suspected prostate cancer. It improves
specificity compared with PSA alone and is
particularly useful in men with equivocal
MRI findings, especially PI-RADS 3 lesions.
Although 0.15 ng/mL/cm?® is commonly used
in clinical practice, recent studies suggest that
optimal thresholds may vary according to clini-
cal context and MRI category [4, 5, 6].

Multiparametric MRI (mpMRI) has become
central to the diagnostic pathway for suspected
prostate cancer. It improves detection of csPCa,

enables lesion localization, facilitates targeted
biopsy, and reduces unnecessary systematic
biopsies [6-11]. The importance of MRI in
prostate cancer diagnosis and staging has also
been highlighted in regional clinical literature
[12, 13]. PI-RADS v2.1 standardized MRI
acquisition and interpretation, with the stan-
dard mpMRI protocol including T2-weighted
imaging, diffusion-weighted imaging (DWI)
with ADC mapping, and dynamic contrast-
enhanced imaging (DCE) [14, 15].

DCE can be useful in selected cases, particu-
larly for upgrading some PI-RADS 3 periph-
eral-zone lesions, but it prolongs examination
time, increases costs, and requires gadolinium
administration [14, 15]. Biparametric MRI
(bpMRI), which omits DCE and relies on T2W
and DWI, has therefore been proposed as a
shorter protocol. Previous systematic reviews
and recent prospective studies have reported
comparable diagnostic performance of bpMRI
and mpMRI for csPCa detection [16-24].

The aim of this study was to compare bpMRI
and mpMRI in the detection of csPCa, defined
as Gleason score > 3 + 4 / ISUP grade group >
2. We evaluated diagnostic performance, the
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impact of omitting DCE on PI-RADS categorization, and
the additional predictive value of PSAD.

METHODS
Study design and study population

This prospective study included patients with suspected
prostate cancer based on PSA > 4 ng/mL and/or abnormal
digital rectal examination. The study was conducted at
the University Clinical Center Ni$ from January 1, 2021,
to December 31, 2025. The protocol was approved by the
institutional ethics committee, and written informed con-
sent was obtained from all participants.

Of 200 initially evaluated subjects, 170 men met the
inclusion criteria and had complete clinical, imaging, and
histopathological data. Inclusion criteria were clinical sus-
picion of prostate cancer, no previous prostate biopsy, and
no prior therapy for prostate disease. Exclusion criteria
were contraindications to MRI, contraindications to gado-
linium administration, insufficient MRI quality, or absence
of histopathological verification.

MRI protocol

All examinations were performed before biopsy using a
3.0-T scanner (SIGNA Pioneer, GE Healthcare, Chicago,
IL, USA) with a pelvic phased-array surface coil. Two pro-
tocols were evaluated: bpMRI (PI-RADS SHORT), con-
sisting of T2W and DWI with ADC maps, and mpMRI
(PI-RADS FULL), consisting of T2W, DWI with ADC
maps, and DCE.

MRl interpretation

All MRI examinations were interpreted independently by
two radiologists (AT and DS) with at least two years of ex-
perience in uroradiology. One radiologist interpreted only
the bpMRI protocol and was blinded to the DCE sequence,
the mpMRI assessment, and the second reader’s report.
The second radiologist interpreted the complete mpMRI
protocol and was blinded to the bpMRI report and the
first reader’s assessment. Since each protocol was evalu-
ated by a different reader, interobserver agreement was
not analyzed; the comparison focused on protocol-level
diagnostic performance. Lesions were classified accord-
ing to PI-RADS v2.1. Positive MRI was defined using two
thresholds: PI-RADS > 4 and PI-RADS > 3.

Prostate biopsy and reference standard

Biopsy was performed 1-7 days after MRI. All patients
underwent systematic 12-core biopsy, with three ad-
ditional targeted cores obtained from the MRI-defined
suspicious region using cognitive fusion with MR images.
Histopathology was classified as malignant (csPCa, Gleason
score > 7 / ISUP grade group = 2) or benign/clinically in-
significant disease and served as the reference standard.
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PSA density assessment

Prostate volume was calculated from MRI measurements
using the ellipsoid formula: volume = length x width
x height x 0.52. PSAD was calculated as PSA/prostate
volume and analyzed both as a continuous variable and
at thresholds of 0.15 and 0.2 ng/mL/cm?®. ROC analysis
was used to determine the optimal cutoff, selected by the
Youden index. AUC values were reported with 95% confi-
dence intervals (CI) and p-values. A subgroup analysis was
performed in patients with PI-RADS 3 lesions.

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics
for Windows, version 29 (IBM Corp., Armonk, NY, USA),
with additional calculation of confidence intervals for
paired diagnostic differences using standard formulas for
paired proportions. Agreement between PI-RADS SHORT
and PI-RADS FULL was assessed using cross-tabulation
and Pearson’s x* test. Diagnostic performance was evalu-
ated by sensitivity, specificity, and accuracy. The 95% CI
for AUC values was calculated using the nonparametric
DeLong method. Logistic regression was used to identify
independent predictors of malignancy, with PSAD scaled
per 0.1 ng/mL/cm’ increase. Non-inferiority of bpMRI
compared with mpMRI was assessed for overall diagnos-
tic accuracy, with sensitivity and specificity as supportive
endpoints. The prespecified non-inferiority margin was -5
percentage points for the paired difference between bpMRI
and mpMRI. Confidence intervals for paired differences
were calculated using the Wald method based on discor-
dant pairs. Statistical significance was defined as p < 0.05.

Ethics: The study was conducted in accordance with the
Declaration of Helsinki. The study protocol was approved
by the Ethics Committee of the University Clinical Center
Ni$, Serbia (Decision No. 43428/5, dated December 3,
2019). Written informed consent was obtained from all
participants.

RESULTS
Study population

A total of 170 patients were included. Histopathology
showed benign or clinically insignificant findings in 104
patients and csPCa in 66 patients (Table 1).

Agreement between PI-RADS SHORT and PI-RADS
FULL

Agreement between bpMRI and mpMRI was almost per-
fect. Identical PI-RADS categories were observed in 167
of 170 patients (98.2%). Three discrepancies were found:
two lesions classified as PI-RADS 4 on bpMRI were up-
graded to PI-RADS 5 on mpMRI, and one lesion classified
as PI-RADS 3 on bpMRI was categorized as PI-RADS 4 on
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mpMRI (Table 2). The latter case had a benign or clinically
insignificant histopathological finding.

Diagnostic performance of MRI protocols

Diagnostic performance is summarized in Table 3. At the
PI-RADS = 4 threshold, bpMRI showed sensitivity of 97%,
specificity of 77.9%, and accuracy of 85.3%, while mpMRI
showed sensitivity of 97%, specificity of 76.9%, and ac-
curacy of 84.7%. Lowering the threshold to PI-RADS > 3
increased sensitivity to 98.5% but reduced specificity to
47.1%.

Non-inferiority analysis confirmed that bpMRI was
non-inferior to mpMRI for overall diagnostic accuracy
at the prespecified 5-percentage-point margin (Table 4).
The paired accuracy difference was 0.6 percentage points
(95% CI, —0.6 to 1.7), and the lower CI bound was above
the non-inferiority margin.

Table 1. Patient characteristics and histopathological findings

Variable Value
Number of patients 170
Patients with complete data 170
Benign findings (B) 104
Malignant findings (M) (csPCa, Gleason = 3 + 4) 66

Table 2. Agreement between PI-RADS SHORT (bpMRI) and PI-RADS
FULL (mpMRI) classifications

PI-RADS | PI-RADS | PI-RADS | PI-RADS | PI-RADS Total
FULL | SHORT2 | SHORT3 | SHORT 4 | SHORT 5
2 50 0 0 0 50
3 0 33 0 0 33
4 0 1 38 0 39
5 0 0 2 46 48
Total 50 34 40 46 170

PI-RADS FULL — mpMRI-based PI-RADS score; PI-RADS SHORT - bpMRI-based
PI-RADS score:

Pearson y* = 485.76;

p < 0.001

Table 3. Diagnostic performance of bpMRI, mpMRI, and PSA using
different diagnostic thresholds

Diagnostic Sensitivity | Specificity Diagnostic
parameter (%) (%) accuracy (%)
PI-RADS SHORT = 4 97 77.9 85.3
PI-RADS SHORT = 3 98.5 47.1 67.1
PI-RADS FULL = 4 97 76.9 84.7
PI-RADS FULL = 3 98.5 47.1 67.1
PSA = 4 ng/mL 735 72.7 73

PI-RADS SHORT - bpMRI-based PI-RADS score threshold for expected
malignancy; PI-RADS FULL - mpMRI-based PI-RADS score threshold for
expected malignancy; PSA - prostate-specific antigen threshold for expected
malignancy

Table 4. Non-inferiority analysis of bpMRI compared with mpMRI at
the PI-RADS = 4 threshold

Difference (bpMRI 95% Cl
Endpoint - mpMRI) (percentage Conclusion
percentage points points)
Sensitivity 0 No'dlscordant Non-inferior
malignant cases
Specificity 1 -0.9-2.8 Non-inferior
Diagnostic 0.6 -0.6-1.7 Non-inferior
accuracy

The prespecified non-inferiority margin was -5 percentage points
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PSA alone showed lower diagnostic performance than
MRI-based parameters. The relationship between bpMRI
findings and histopathology is presented in Table 5.

Using PI-RADS > 4, csPCa was detected in 64 of 87
patients (73.6%) with positive bpMRI findings, compared
with 2 of 83 patients (2.4%) with negative bpMRI findings.

Table 5. Association between PI-RADS SHORT (bpMRI) classification
(threshold > 4) and histopathological findings

CPII;EQ:,?CSa;}ZSRT Benign | Malignant Total
Negative MRI (PI-RADS < 3) 81 2 83
Positive MRI (PI-RADS = 4) 23 64 87
Total 104 66 170

PI-RADS SHORT - bpMRI-based PI-RADS score; Negative MRI - expected
benign; Positive MRI - expected malignancy;

Pearson x? = 90.545;

p <0.001

Multivariate logistic regression analysis

Both PSAD and PI-RADS SHORT score were independent
predictors of csPCa (Table 6). PSAD was significant when
scaled per 0.1 ng/mL/cm? increase, and each increase in PI-
RADS category was associated with higher malignancy risk.
The unscaled PSAD model produced a very large odds
ratio with a wide confidence interval; therefore, the scaled
estimate was used and should be interpreted as evidence
of association rather than a precise effect-size estimate.

ROC analysis of PSA density

PSAD showed good discriminative ability for csPCa, with
an AUC of 0.872 (95% CI, 0.813-0.931, p < 0.001). The
optimal cutoff selected by the Youden index was 0.205 ng/
mL/cm?®, with sensitivity of 75% and specificity of 92.7%
(Table 7).

Table 6. Multivariate logistic regression analysis for prediction of
malignancy

Variable Odds ratio 95% Cl p-value
PSA density (PSAD) 156 11-221 | 0012
per 0.1 ng/mL/cm? increase

PI-RADS SHORT 4.73 2.58-8.65 | <0.001

PSAD - prostate-specific antigen density; PI-RADS SHORT - bpMRI-based
PI-RADS score

Table 7. ROC analysis of PSA density (PSAD) for detection of clinically
significant prostate cancer

PSAD cutoff Sensitivity (%) Specificity (%)
0.1 95.6 52.3
0.15 83.8 75.2
0.2 75 92.7
0.25 58.8 95.4

AUC =0.872;95% Cl, 0.813-0.931; p < 0.001;
Optimal cutoff value: PSAD = 0.205 ng/mL/cm? (Youden index)

The commonly used threshold of 0.15 ng/mL/cm® had
higher sensitivity but lower specificity. A slightly higher
threshold may therefore improve specificity and reduce
unnecessary biopsies in selected patients.
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Subgroup analysis of PI-RADS 3 lesions

The PI-RADS 3 subgroup included 34 patients, of whom
2 had c¢sPCa and 32 had benign or clinically insignificant
tindings. In this subgroup, PSAD showed an AUC of 0.969
(95% CI, 0.798-1.000, p < 0.001; Figure 1). The optimal
cutoff selected by the Youden index was again 0.205 ng/
mL/cm?, achieving 100% sensitivity and 93.8% specific-
ity. Because only two malignant cases were present, these
tindings should be considered exploratory.

DISCUSSION

This prospective study showed that bpMRI was non-infe-
rior to mpMRI for detection of csPCa. Agreement between
protocols was 98.2%, with only three discordant cases. Two
discrepancies did not affect binary categorization at the
PI-RADS = 4 threshold, while one PI-RADS SHORT 3
lesion was upgraded to PI-RADS FULL 4 after DCE but
proved benign or clinically insignificant. This suggests that
omitting DCE had minimal clinical impact in this cohort.

These findings are consistent with previous stud-
ies and meta-analyses reporting comparable diagnostic
performance of bpMRI and mpMRI when DWI quality
is adequate [16-19]. The prospective PRIME trial also
confirmed non-inferiority of bpMRI compared with
mpMRI in biopsy-naive men [20, 21]. Data from PROMIS,
PRECISION, STHLM3-MRI, GOTEBORG-2, and studies
on MRI-targeted biopsies support MRI-first diagnostic
pathways that improve csPCa detection while reducing
unnecessary biopsies [7, 8, 10, 11, 25-27].

In our cohort, PI-RADS > 4 provided the best balance
between sensitivity and specificity. Lowering the threshold
to PI-RADS > 3 slightly increased sensitivity but markedly
reduced specificity, reflecting the heterogeneous nature of
PI-RADS 3 lesions [5, 28, 29]. The formal non-inferiority
analysis supported this interpretation: the 95% CI for the
accuracy difference remained above the —5 percentage-
point margin, with no reduction in sensitivity and a small
numerical specificity advantage for bpMRI.

PSAD was an important adjunctive parameter. Although
PSA alone performed worse than MRI-based assessment,
PSAD showed good discrimination, with an AUC of 0.872
and an optimal cutoff of 0.205 ng/mL/cm’. This threshold
was more specific than the commonly used 0.15 ng/mL/
cm® cutoff and may be useful when the clinical aim is to
reduce unnecessary biopsies. Contemporary work from the
EAU-YAU collaboration supports our results, emphasizing
that biomarker-based, personalized diagnostic strategies,
including PSA density, can safely reduce the number of
unnecessary MRI examinations and prostate biopsies [30].
Therefore, PSAD thresholds should be interpreted in rela-
tion to MRI category and clinical context [4, 29, 31-36].

The PI-RADS 3 subgroup findings are clinically relevant
but exploratory. Only two malignant cases were present,
so the high AUC and excellent sensitivity at a PSAD of
0.205 ng/mL/cm?® require validation in larger cohorts. The
logistic regression analysis also supports the independent
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Figure 1. Receiver operating characteristic (ROC) curve of PSA density
for detection of clinically significant prostate cancer

value of PSAD, but the unscaled model produced an
unstable estimate; therefore, PSAD was presented per
0.1 ng/mL/cm? increase for clearer clinical interpretation.

This study has several limitations. It was single-center,
with a moderate sample size and few discordant cases. In
addition, bpMRI and mpMRI were interpreted by differ-
ent readers who were blinded to each other’s reports; this
design does not permit assessment of interobserver agree-
ment and cannot completely separate protocol effects from
reader effects. Finally, PSAD thresholds, especially in PI-
RADS 3 lesions, require external validation.

Overall, bpMRI appears to be a reliable and efficient
alternative to mpMRI for csPCa detection. It reduces ex-
amination time, avoids contrast administration, and may
improve accessibility of prostate MRI, while PSAD adds
clinically useful risk stratification.

CONCLUSION

Biparametric prostate MRI demonstrated diagnostic per-
formance comparable and non-inferior to mpMRI for de-
tection of clinically significant prostate cancer. PI-RADS
> 4 provided the best balance between sensitivity and
specificity, while PSAD was an independent predictor of
malignancy and improved risk stratification. These find-
ings support further evaluation of bpMRI and PSAD-based
decision-making in larger multicenter cohorts.
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Komnapauuja 6unapameTtapcke U MynTUNapameTapcKe MarHeTHe pe3oHaHue y
OTKPUBAKY KJMHUUYKM 3HAYajHOT KapLIMHOMA NpOoCTaTe — NPOCNEKTUBHA CTYAM]a ca
aHa/IM30M ryCTUHE NpocTaTa-cneuudUUHOr aHTUreHa

Anekcangap Tacuh'?, Iparan CtojaHoB™?, AnekcaHgpa Apaukun-TpeHkuh'2, lyka PagosaHosuh'?, Iparocnas bawuh'?

YuuepauteT y Huwy, MegunumnHckn dakyntet, Huw, Cpbuja;

YHNBEP3NUTETCKI KNUHNYKY LieHTap Huw, LieHTap 3a paguonorujy, Huw, Cp6uja;
*YHMBEP3UTETCKM KNUHUYKY LieHTap Huw, Knunuka 3a yponorujy, Huw, Cpbuja

CAMETAK

YBoa/Lub Myntrnapametapcka MarHeTHa pesoHaHua (mpMRI)
npepcTaB/ba CTaHAaps Y ANjarHOCTALM KITMHUYKK 3HaYajHor
KapurHoma npocTtate (csPCa). bunapameTtapcka marHeTHa pe-
30HaHUa (bpMRI), 6e3 fUHAMNYKOT MOCTKOHTPACTHOT CHIIMA-
tba (DCE), moxe 61T 6p>ka 1 JocTynHWja anTepHaTuga. Linm
paga 6uo je nopehere arjarHocTnuknx neppopmarcy bpMRI
n mpMRI, Kao n npoueHa ynore ryctuHe PSA (PSAD).

Mertope Y npocnekTuBHY CTyAujy yKibyueHo je 170 mylukapaLa
ca CyMHOM Ha KapLymHom npoctate. Cu cy noasprHyTr 3-T MR
npe 6roncuje. Hanaswu cy aHanusvpanu npema PI-RADS v2.1, a
XucTtonaTosoruja je kopuiwheHa Kao pepepeHTHY CTaHapa.
MpoueHa je n3spLieHa 3a nparose PI-RADS = 4 n > 3, y3 ROC
aHanu3y 1 NormcTnyKy perpecujy 3a PSAD.

DOI: https://doi.org/10.2298/SARH260406059T

Pesyntatun CarnacHoct usmehy bpMRI v mpMRI v3Hocuna je
98,2%. 3a npar PI-RADS > 4, bpMRI je noka3ao CeH3UTUBHOCT
97%, cnendunyHocT 77,9% v TauHoCT 85,3%, FOTOBO UAEHTUYHO
mpMRI (97%, 76,9% n 84,7%). ROC aHanu3a PSAD nokasana je
AUC 0,872 (95% C10,813-0,931, p < 0,001). OnTrManHa rpaHu-
YHa BpeAHOCT, ofabpaHa JayaeHOBVM MHAEKCOM, U3HOCUNA je
0,205 ng/mL/cm?. AHanu3a HerHGePUOPHOCTY NOTBPAWNA je
HenHbepuopHocT bpMRI'y ogHocy Ha mpMRI.

3aksbyuak bunapameTapcka MarHeTHa pe3oHaHLa nokasyje au-

jarHoctnuke neppopmaHce ynopeguse ca mpMRIly oTKprBaky

¢sPCa. Mpar PI-RADS > 4 npepacTaB/ba ONTYMANHW AWjarHOCTy-
uKm KpuTepujym, Bok PSAD yHanpehyje cTpatudumKaLmjy prsmka.
KmbyuHe peun: KapyMHoM npocTate; 6unapameTtapcka MRI;
myntunapameTapcka MRI; ryctuHa PSA; PI-RADS
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