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ABSTRACT

Background: Previous studies have identified various predictors for clinically

significant prostate cancer in biopsy-naive patients.

Aims: To identify clinical variables associated with clinically significant prostate cancer

diagnosis using systematic biopsy combined with cognitive targeted biopsy.

Methods: This retrospective study analyzed data from 76 biopsy-naive men who
underwent systematic biopsy combined with cognitive targeted biopsy due to
Prostate Imaging Reporting and Data System (PI-RADS) 4 or 5 lesions detected on
prebiopsy prostate multiparametric magnetic resonance imaging between March
2020 and September 2022. Binary logistic regression was used to identify
independent predictors of clinically significant prostate cancer, with odds ratio and
95% confidence intervals.

Results: The overall detection rate for clinically significant prostate cancer was 44.7%.
In univariable analyses, prostate-specific antigen density 20.16 ng/ml? (odds ratio
57.6 [95% confidence intervals 7.13-464.77]), PI-RADS 5 (odds ratio 10.41 [95%
confidence intervals 3.47-31.2]), peripheral zone lesions (odds ratio 3.85 [95%
confidence intervals 1.32-11.24]), and biopsy density = 0.26 core/ml (odds ratio 2.95
[95% confidence intervals 1.09-8.01]) were significantly associated with clinically
significant prostate cancer (p<0.05) and were entered to multivariable analysis.
Considering p<0.2 for selecting variables for multivariable analysis, a single lesion
(odds ratio 2.09 [95% confidence intervals 0.81-5.34]) and transition zone lesions
(odds ratio 0.45 [95% confidence intervals 0.17-1.14) were also included. According
to Multivariable analysis results, prostate-specific antigen density 20.16 ng/ml? (odds
ratio 49.88 [95% confidence intervals 4.96-501.47]) and PI-RADS 5 (odds ratio 19.89
[95% confidence intervals 3.36-117.55]) were significant independent predictors of
clinically significant prostate cancer, while peripheral zone lesions (odds ratio 0.97
[95% confidence intervals 0.09-10.05]), biopsy density =0.26 core/ml (odds ratio 3.44
[95% confidence intervals 0.46-25.68]), a single lesion (odds ratio 3.34 [95%
confidence intervals 0.72-15.5]), and transition zone lesions (odds ratio 1.18 [95%

confidence intervals 0.15-8.88]) were not.

Conclusions: The clinical implementation of PI-RADS version 2.1 combined with
systematic biopsy combined with cognitive targeted biopsy yielded an acceptable
overall detection rate for clinically significant prostate cancer. Moreover, PI-RADS 5
and prostate-specific antigen density 20.16 ng/ml?> were significant predictors of
positive systematic biopsy combined with cognitive targeted biopsy results.

Keywords: Prostate Cancer, Clinically Significant Prostate Cancer, Multiparametric
Magnetic Resonance Imaging, Prostate-Specific Antigen Density, Biopsy Density,
Prostate Imaging Reporting and Data System, PI-RADS v2.1, Cancer Detection Rate.
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Introduction

Prostate cancer (PCa) is the second most
diagnosed cancer and the fifth leading cause of
cancer-related mortality among males, affecting
1.41 million individuals worldwide'?. Over the
previous decades, PCa incidence showed a
growing pattern in the Middle East and North
Africa region®. Respecting this, PCa is ranked as
one of the most common cancers among Iranian

populations, with an increasing trend”.

Multiparametric magnetic resonance imaging (mp-
MRI) has advanced clinically significant PCa (csPCa)
diagnosis and risk stratification. In 2015, the
Prostate Imaging Reporting and Data System
version 2 (PI-RADS v2) was developed to address
the worldwide standard for mp-MRI acquisition and
interpretation. Subsequently, the revised version,
PI-RADS v2.1, was publicized in 2019>¢. According
to previous clinical assessments, PI-RADS v2.1
represented good overall achievement in csPCa
detection, especially among higher categories’®.
Nevertheless, most studies were conducted in
North America, European, and East Asian
countries, utilizing 3T MRI scans.

The high cost of mp-MRI-required technology and
the importance of imaging quality for accurate
interpretation result in a considerable disparity in
access to imaging equipment and expertise
between developed and developing countries™®.
As far as we are aware, only a few previous studies
have investigated the clinical implementation of
prebiopsy mp-MRI and PI-RADS v2.1 among the
Middle Eastern population”". However, all of
them were conducted in Turkey with heterogeneities
according to prior biopsy status, PI-RADS versions,

and PI-RADS score categories.

Our initial report on implementing PI-RADS v2.1 in
prebiopsy prostate mp-MRI for biopsy-naive
patients who received systematic biopsy followed
by magnetic resonance (MR) cognitive targeted
biopsy (cog-MRGB) in northern Iran™ has revealed
a comparatively diminished detection rate (DR) of
PCa and csPCa compared to results from

developed countries®. Therefore, we aimed to

examine individuals with PI-RADS v2.1 scores of 4
and 5 to gain a deeper understanding of the potential
characteristics associated with csPCa diagnosis at
cog-MRGB, particularly the association between PI-
RADS scores and the likelihood of detecting csPCa.

Methods

This single-center retrospective study in Gorgan,
Golestan province, Iran, was approved by the
Ethics Committee of Golestan University of Medical
Sciences (Protocol no. IRGOUMS.REC.1401.431)
and was conducted in accordance with the ethical
standards outlined in the 1964 Declaration of
Helsinki and its subsequent amendments or
comparable ethical standards. Informed consent,
including consent for publication, was obtained
from all participants.

After receiving ethical approval, our center's data
set was retrospectively investigated to identify
biopsy-naive patients who were clinically (abnormal
findings on digital rectal examination) or biochemically
(prostate-specific antigen [PSA] = 4.0 ng/ml)
suspected of having PCa and were assessed by
mp-MRI before the biopsy procedure. Individuals
with PI-RADS 4 and 5 lesions who underwent
systematic prostate biopsy followed by cog-MRGB
were initially included. After excluding individuals
with missing data, 76 biopsy-naive men with PI-
RADS v2.1 scores = 4 who underwent systematic
biopsy and cog-MRGB between March 2020 and
September 2022 were finally enrolled, a subset of
our initial study published elsewhere previously™.

Demographic data, total PSA, prostate volume,
and radiologic data (number of lesions, anatomical
location, mean diameter, and PI-RADS score) were
extracted from mp-MRI interpretation. Moreover,
the pathology reports were reviewed to obtain the
histopathological data (Gleason score [GS], length
of biopsy cores and carcinoma within the core,
proportion of prostate involvement, and focal
invasion) and biopsy details (cores and positive

cores numbers).

A 1.5T scanner (Philips Ingenia) was employed to

prebiopsy mp-MRI acquisition. All  patients
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received self-administration of a bowel preparation
by 30 mg bisacodyl a night before the mp-MRI
acquisition. In addition, mp-MRI was performed
with the administration of antispasmolytic (20 mg
Bromide). Then, these
sequences were acquired: T2 weighted image

of Hyoscine-N-Butyl

(T2ZWI) in the axial and coronal plane, axial
diffusion-weighted imaging (DWI) (zoom DWI), and
axial T1 volumetric interpolated breath-hold
examination (VIBE) (T1 VIBE=Mdixon in Philips
device). Then, gadolinium (0.1 mmol/kg) was
administrated using the free-hand technique.
Afterwards, dynamic contrast enhancement (DCE)
3D T1VIBE was started to be acquired in the axial
plane in 15 seconds interval. In addition, a classic
T1 postcontrast of the whole pelvis was also
acquired. The mp-MRI sequence specifications are
explained in Supplementary Table S1.

An experienced radiologist in prostate MRI
evaluated and interpreted the mp-MRI based on
the PI-RADS v2.1 guideline®, and all reports were
documented in the PI-RADS v2.1 outlined standard
reporting format. (Supplementary Figure S1) The
radiologist was aware of patients’ clinical history
and laboratory findings, such as PSA level. At first,
based on T2WI in sagittal and axial planes, the
following formula: prostate height (maximum
anterior-posterior) x prostate width (maximum
mediolateral) x prostate length (maximum
craniocaudal) x 0.52 was used to estimate the
prostate volume. Then, PSA density (PSAD) was
calculated by dividing the PSA level (ng/mL) by the
prostate volume (mL). Additionally, biopsy density
(BD) was computed by dividing the number of
cores by the prostate volume (mL). Moreover, the
transition zone (TZ) and peripheral zone (PZ) of the
prostate were explored separately, and the PI-
RADS score was reported for each region
separately. The higher PI-RADS score was
designated in the final conclusion for further
evaluation among patients with multiple lesions.
Moreover, the largest single-axis size on axial T2WI
was measured for each lesion diameter, and the
mean lesion diameter was calculated in multiple

lesions. Finally, intra-prostatic hemorrhage and

extraprostatic extension, i.e., involvement of
seminal vesicle, lymph nodes, and bone, were
evaluated and reported.

A single expert urologist performed all the biopsy
procedures using a Siemens Acuson sonography
device with an end-fire ultrasound endorectal
probe (ER 5-9 Hz). At first, the systematic biopsy
was conducted in the sagittal transrectal
ultrasonography (TRUS) plane on the lateral
decubitus position under rectal cleansing, antibiotic
prophylaxis, and local anesthesia. After the standard
systematic biopsy, a cog-MRGB was performed. In
this regard, according to the radiologist’s mp-MRI-
based

(Supplementary Figure S2), additional cognitive

topographic map of the prostate
cores were obtained for each mp-MRI target lesion.
All cores were separately labeled, documented,
and sent for histopathology evaluation.

Formalin-fixed biopsy core specimens were

received and underwent hematoxylin-eosin
staining. Then, a single expert pathologist blinded
to mp-MRI data evaluated all specimens based on
the International Society of Urological Pathology
recommendation. Benign prostate tissue, low-
grade or high-grade prostate intraepithelial
neoplasia (PIN), GS, length of biopsy core and
carcinoma within the core, and the total and
positive cores number were reported. The focal
characteristics  of prostate adenocarcinoma,
including fat, lymphovascular, and perineural
invasion, were also described. Furthermore, the
proportion of prostatic tissue involved by the
tumor was estimated by dividing the total linear
length of carcinoma over the total biopsy cores
length. Finally, the csPCa was considered GS = 7 °,
and the histopathology result was classified into
four groups: Benign, PIN (includes low-grade and

high-grade), GS 6, and GS =7.

Statistical analysis

After assessing the normality distribution of the
data using the Kolmogorov-Smirnov test, baseline
characteristics were presented as mean (standard

deviation [SD]) or median (interquartile range [IQR])
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for continuous variables, and as frequencies
(percentages) for categorical variables. Comparisons
of baseline characteristics between participants
with and without csPCa and between PI-RADS
scores of 4 and 5 (Supplementary Table S2), as well
as histopathological findings between PI-RADS
scores of 4 and 5, were conducted using chi-
squared tests for categorical variables, Mann-
Whitney tests for continuous variables with non-
normal distributions, and independent Student's t-
tests for continuous variables with approximately
normal distributions. Additionally, a patient-based
analysis was performed to determine the detection
rate (DR) of PCa and csPCa overall, as well as within
each PI-RADS category and prostate zone.

Before employing binary logistic regression to
evaluate the association between various patient
baseline characteristics and the likelihood of
detecting csPCa, receiver operating characteristic
(ROC) curve analysis with a 95% confidence interval
(Cl) was used to determine the cut-off point of
continuous variables with the highest sensitivity
and reasonable specificity. After transforming
continuous variables into categorical ones based
on the estimated cut-off points, univariable binary
logistic regression was performed. Covariates with
a p-value < 0.02 were then entered into the
multivariable logistic regression analysis. For each

variable, the odds ratio (OR) and 95% Cl were
reported. SPSS 26 (SPSS Inc., Chicago, IL, USA) was
employed to perform statistical analyses, with P <
0.05 considered significant, except for variable

selection in the multivariable logistic regression.

Results

The study sample included 76 biopsy naive
patients (109 lesions) who underwent prebiopsy
mp-MRI before combined systematic biopsy and
cog-MRGB. Among them, 35 patients (46.1%) were
assigned to PI-RADS scores of 4 (51 lesions) and 41
patients (53.9%) PI-RADS scores of 5 (58 lesions).
(Figure 1) The study participants aged 68.74 (SD
8.83) years in mean, and the median of PSA level
and PSAD were 9.47 (IQR 6.2-19.79) ng/ml and 0.2
(0.12-0.46) ng/ml?, respectively. On average, the
biopsy procedure was performed 11 days (IQR 9-

14) after mp-MRI, with 2 additional cognitive cores
(IQR 1-3) taken per patient. The median BD was 0.3
cores/ml (IQR 0.17-0.38). According to biopsy
histopathology results, 34 (44.7%) of patients had
csPCa. (csPCa per lesion was 38.5%)

Figure 1. The axial T2 image (left) and axial zoom DWI with b-value 1400 (right) show a large (>15 mm), poorly defined lesion

with low T2 signal intensity in the right posterolateral mid-peripheral zone of the prostate. The lesion also exhibits restricted

diffusion on the high b-value DWI, suggesting it is suspicious for clinically significant prostate cancer (PIRADS 5).
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Baseline characteristics of the study population
were compared based on the csPCa outcome in
Table 1. One lesion (IQR 1-2) was found per
patient, and the median of the calculated mean
lesions diameter was 16 (IQR 13-23.75) mm per
patient. The mp-MRI target lesions were observed
in the PZ and TZ of the prostate in 51 (67.1%) and
35 (46.1%) of participants, respectively, and
multiple lesions were found in 32 (42.1%) of
patients. (Only one patient had three target lesions
with PI-RADS 5) In addition, the TZ group
contained more PI-RADS score of 4 (57.1%),
whereas most of the PZ group constituted a PI-
RADS score of 5 (64.7%). Details of other results are
available in Table 1. Moreover, Supplementary

Table 1. Baseline characteristics of the study population

Table S2 illustrates the baseline

characteristics according to PIRADS categories.

study

Patients with csPCa, compared with those without,
had higher levels of PSA and PSAD, larger lesions,
smaller prostate, and greater BD. The csPCa was
more likely in individuals with a lesion on the PZ of
the prostate and a higher prebiopsy mp-MRI PI-
RADS score. (All p-value < 0.05) Moreover, among
patients with csPCa, extraprostatic extension
prevalence was 55.9%, and the seminal vesicle,
bone, and lymph nodes involvements were
observed in 11 (32.4%), 11 (32.4%), and 9 (26.5%)

patients, respectively.

Total Patient outcomes
population With csPCa Without csPCa  P-value
(n=76) (n = 34) (n = 42)
Characteristics
Age (years) 68.74 (8.83) 69.94 (8.73) 67.76 (8.9) 0.287
PSAT (ng/ml) 9.47 (6.2-19.79)  19.24 (10.38-41.1)  7.06 (5.63-11.86) <0.001
Prostate volume (ml) 45.5 (35-76) 38 (32.37-62.5) 52 (38-82.25) 0.029
PSAD (ng/ml?) 0.2 (0.12-0.46) 0.45 (0.21-0.66) 0.13 (0.1-0.21) <0.001
The number of lesions per patient 1(1-2) 1(1-2) 1.5(1-2) 0.110
Single lesion 44 (57 .9%) 23 (67.6%) 21 (50%) 0.162
Multiple lesions 32 (42.1%) 11 (32.4%) 21 (50%) 0.162
The calculated mean of lesions
. _ 16 (13-23.75) 23.5 (15.75-36) 13.75(12-17.25)  <0.001
diameter per patient (mm)
Anatomical location of the lesion
Transition zone 35 (46.1%) 12 (35.3%) 23 (54.8%) 0.109
Peripheral zone 51 (67.1%) 28 (82.4%) 23 (54.8%) 0.014
PI-RADS score
Score of 4 35 (46.1%) 6 (17.6%) 29 (69%) <0.001
Score of 5 41 (53.9%) 28 (82.4%) 13 (31%)
Number of biopsy cores per
. 14 (13-15) 14 (13-15) 14 (14-15) 0.154
patient
The total biopsy cores length
(mm) 226.51 (40.3) 217.35 (37.56) 233.93 (41.35) 0.072
Biopsy density (core/ml) 0.3(0.17-0.38) 0.36 (0.24-0.43) 0.27 (0.17-0.36) 0.049

Values are expressed as mean (standard deviation) or median (interquartile range) for continuous variables and n (%) for categorical variables

csPCa, clinically significant prostate cancer; PSA, prostate-specific antigen; PSAD, PSA density; mp-MRI, multiparametric magnetic

resonance imaging; PI-RADS, Prostate Imaging Reporting and Data System.

T There was one missing data for PSA among the study population.
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Table 2 shows histopathological findings according
to PI-RADS scores of 4 and 5. In total, benign
prostate tissue was observed among 25 (32.9%)
participants, followed by 7 (9.2%) PIN (four high-
grade and three low-grade), most of them
constitute of PI-RADS score of 4. The overall PCa
and csPCa DRs were 57.9% (44 patients) and 44.7%
(34 patients). Moreover, overall PCa and csPCa DRs

based on the prostate zones and PI-RADS scores

were 68.8% and 54.9% in the PZ, 42.9% and 34.3%
inthe TZ, 78% and 68.3% in PI-RADS 5, and 34.3%
and 17.1% in PI-RADS 4. More details are provided
in Table 2. Furthermore, the focal pathological
evaluation revealed fat and perineural invasion
were diagnosed among 3 (8.8%) and 27 (79.4%)
patients, respectively, without lymphovascular

invasion. Further details are available in Table 3.

Table 2. Systematic plus cognitive MRI-ultrasound fusion biopsy histopathological findings

Total PI-RADS version 2.1
population PI-RADS 4 PI-RADS 5 p-value

Characteristics (n=76) (n = 35) (n = 41)
Histopathology

Benign 25 (32.9%) 17 (48.6%) 8 (19.5%)

Prostate intraepithelial neoplasia 7 (9.2%) 6 (17.1%) 1(2.4%) <0.001

GS 6 10 (13.2%) 6 (17.1%) 4 (9.8%) '

GS =7 (csPCa) 34 (44.7%) 6 (17.1%) 28 (68.3%)
Prostate cancer 44 (57.9%) 12 (34.3%) 32 (78%) <0.001

Values are expressed as n (%) for categorical variables.

TRUS, transrectal ultrasound; MRI, magnetic resonance imaging; PI-RADS, Prostate Imaging Reporting and Data System; GS,

Gleason score; csPCa, clinically significant prostate cancer.

Table 3. Focal pathological characteristics of prostate cancer

characteristics

Number of positive biopsy cores per patient

The total linear length of carcinoma within the core (mm)

PCa (n = 44)
8.02 (3.52)
60.93 (44.41)

csPCa (n = 34)
9.03 (3.16)
69.91 (44.15)

The estimated proportion of prostatic tissue involved by

the tumor (%)
Prostatic fat invasion

Perineural invasion

28.1 (20.73%) 32.33 (21.08%)

3(7%)7T
28 (65.1%) 1

3(8.8%)
27 (79.4%)

Values are expressed as mean (standard deviation) for continuous variables and n (%) for categorical variables.

PCa, prostate cancer; csPCa, clinically significant prostate cancer

T There was one missing data for prostatic fat and perineural invasion among patients with prostate cancer.

The results obtained from binary logistic regression
analyses are outlined in Table 4. In univariable
analyses, the following factors were associated with
a significantly higher risk of csPCa detection: PSAD
> 0.16 ng/ml?> (OR 57.6 [95% ClI 7.13-464.77]), PI-
RADS score of 5 (OR 10.41 [95% CI 3.47-31.2]),
lesions on the prostate PZ (OR 3.85 [95% CI 1.32-
11.24]), and BD = 0.26 core/ml (OR 2.95 [95% CI
1.09-8.01]). Additionally, age = 60 years (OR 1.36

[95% CI 0.4-4.63]) and the presence of a single
lesion (OR 2.09 [95% CI 0.81-5.34]) were linked to
an elevated risk of csPCa diagnosis, although these
associations were not statistically significant.
Conversely, lesions on the prostate TZ (OR 0.45
[95% CI 0.17-1.14]) was associated with a lower
csPCa risk, but this association was also not
statistically significant.

© 2024 European Society of Medicine 6



In the multivariable analysis, a PSAD = 0.16 ng/ml?
(OR 49.88, 95% ClI 4.96-501.47) and a PI-RADS
score of 5 (OR 19.89, 95% Cl| 3.36-117.55)
remained statistically significant as independent
predictors for csPCa diagnosis. However, the
association of BD = 0.26 cores/ml (OR 3.44, 95%
Cl 0.46-25.68), the presence of a single lesion (OR

3.34, 95% Cl 0.72-15.5), and a TZ lesion (OR 1.18,
95% Cl 0.15-8.88) with an elevated risk of csPCa
did not reach statistical significance. Additionally,
the presence of a PZ lesion (OR 0.97, 95% CI 0.09-
10.05) was associated with a lower risk of csPCa

diagnosis, though without statistical significance.

Table 4. Univariable and multivariable logistic regression analyses for csPCa outcomes (n=76)

Patient outcomes

Univariable analysis

Multivariable analysis

With csPCa Without csPCa
o OR (95% Cl) p-value OR (95% CI) p-value
Characteristics (n = 34) (n=42)
Age = 60 years 29 (85.3%) 34 (81%) 1.36 (0.4-4.63) 0.618
Age < 60 years 5(14.7%) 8 (19%) - ’
PSAD = 0.16 32 (97%) 15 (35.7%) 57.6 (7.13-464.77)
49.88 (4.96-501.47)
ng/ml?
<0.001 <0.001
PSAD < 0.16 1 (3%) 27 (64.3%) -
ng/ml?
Single lesion 23 (67.6%) 21 (50%) 2.09 (0.81-5.34) 3.34 (0.72-15.5)
) ) 0.124 0.122
Multiple lesion 11 (32.4%) 21 (50%) - -
PI-RADS 5 28 (82.4%) 13 (31%) 10.41 (3.47-31.2) 19.89 (3.36-117.55)
<0.001 <0.001
PI-RADS 4 6 (17.6%) 29 (69%) - -
With transition 12 (35.3%) 23 (54.8%) 0.45 (0.17-1.14)
) 1.18 (0.15-8.88)
zone lesion
Without 22 (64.7%) 19 (45.2%) - 0.093 0.866
transition zone -
lesion
With peripheral 28 (82.4%) 23 (54.8%) 3.85(1.32-11.24)
] 0.97 (0.09-10.05)
zone lesion
Without 6 (17.6%) 19 (45.2%) - 0.014 0.98
peripheral zone -
lesion
Biopsy density 26 (76.5%) 22 (52.4%) 2.95(1.09-8.01)
3.44 (0.46-25.68)
> 0.26 core/ml
. . 0.033 0.227
Biopsy density 8 (23.5%) 20 (47.6%) -

< 0.26 core/ml

csPCa, clinically significant prostate cancer; OR, odds ratio; Cl, confidence intervals; PSAD, prostate-specific antigen density; PI-

RADS, Prostate Imaging Reporting and Data System.

Discussion

Our results showed an overall 44.7% DR for csPCa
among 76 biopsy-naive men with PI-RADS v2.1
scores of 4 and 5 in prebiopsy mp-MRI who
underwent systematic biopsy followed by cog-
MRGB. The PSA level, prostate volume, PSAD,
lesion location and diameter, PI-RADS score, and
BD significantly differed between participants
according to csPCa outcome. csPCa was more

frequently observed in men with a PI-RADS 5 score,
whereas those with a PI-RADS score of 4 had more
benign prostate histopathology. Furthermore,
among the various variables, PSAD = 0.16 ng/ml?
and PI-RADS score of 5 were the only independent
predictors for csPCa detection.

PI-RADS v2.1 was developed to modify PI-RADS v2
and improve its limitations and inconsistencies,

aiming to enhance PI-RADS  diagnostic

© 2024 European Society of Medicine 7



performance®’. Previous studies using 1.5T mp-
MRI to evaluate the diagnostic performance of Pl-
RADS v2.1 reported an overall csPCa DR ranging
from 34.20% to 40.66%, depending on different

1015 Moreover, regarding the

biopsy procedures
application of cog-MRGB based on the 3T MRI
target lesions in all PI-RADS categories, Chen et
al."® reported an overall csPCa DR of 48.85%, while
Kim et al."” reported a 32.6% DR for csPCa in the
prostate PZ. Our results from cog-MRGB based on
PI-RADS 4 and 5 targeted lesions on 1.5T MRl were
comparable to these reports. Considering previous
studies conducted among the Middle Eastern
population (Supplementary Table S3) with various
magnetic field strengths, PI-RADS versions, biopsy
methods, and participants’ biopsy statuses,
Koparal etal." reported an overall 24.6% csPCa DR
for PI-RADS scores = 2, Vural et al.”? detailed an
overall 66% csPCa DR for PI-RADS scores of 4 and
5, and Coskun et al.’® demonstrated 80% and 82%
csPCa DR for PI-RADS scores of 4 and 5,
respectively. The current study findings showed a
notably lower csPCa DR compared to previous
studies in the Middle East, except for the study
conducted by Koparal et al.

In the present study, a significantly higher csPCa
DR was observed in patients with a PI-RADS score
of 5. Additionally, PI-RADS 5 was found to be an
independent predictor for csPCa in multivariable
analysis, alongside other variables (OR 19.89 [95%
Cl 3.36-117.55]). In this context, a meta-analysis by
Oerther et al® revealed that higher PI-RADS
categories were significantly associated with increased
csPCa  DRs. previous
publications have identified the PI-RADS score as
an independent predictor for detecting csPCa on

Furthermore, several

biopsy, regardless of age, PSAD, lesion location, or

161819 Similarly, in a

abnormal digital rectal exam
multivariable meta-regression combining PI-RADS
and clinical data, Haj-Mirzaian et al.?*® demonstrated
that PI-RADS 5 was independently associated with

an elevated risk of csPCa, in addition to PSAD.

According to a meta-analysis of 13 studies, among

patients with positive prebiopsy mp-MRI, an

elevated PSAD can double the likelihood of csPCa

detection while also providing additional
information for risk stratification?'. Moreover, PSAD
was identified as the only clinical variable significantly
associated with csPCa in a multivariable meta-
regression?’. Previous studies, across various cutoff
values, have also shown that PSAD remained a
significant independent predictor of csPCa
diagnosis, regardless of age, PI-RADS score, lesion
location, or abnormal digital rectal exam''81%.22,
Similarly, in our study, using a cutoff value of 0.16
ng/ml?, PSAD was independently associated with
csPCa at biopsy in multivariable regression,
irrespective of a PI-RADS score of 5, the presence

of prostate PZ lesions, and BD.

BD is defined as the ratio of biopsy cores to
prostate volume, introduced by Stone et al.? to
determine the optimal number of samples needed
to detect PCa during transperineal mapping
biopsy. Their findings emphasized that BD
remained significant in predicting positive biopsy
results or higher GS scores, regardless of other
factors such as age and PSA level. Furthermore, a
strong correlation between higher BD and
increased cancer DRs was observed in their
evaluation of previous studies”. subsequently
Feng et al.*
cog-MRGB and demonstrated that BD was an
independent predictor of PCa, alongside age,
PSAD, and PI-RADS score. They also proposed a
cutoff value of 0.22 core/ml for BD. To the best of

our knowledge, this study is the first to utilize BD

applied BD to PCa diagnoses using

for diagnosing csPCa under cog-MRGB. Our
findings, using a cutoff value of 0.26 core/ml,
revealed that BD was associated with a higher risk
of csPCa at biopsy as a single indicator. However,
this association did not reach statistical significance
in multivariable logistic regression analyses when
considered alongside other variables (OR 3.44
[95% Cl 0.46-25.68]).

The noticeable strength of this study is that it
represents the initial experiences of PI-RADS v2.1
implementation in a homogenous biopsy-naive

population from a developing country in the

© 2024 European Society of Medicine 8



Middle East. The study explored parameters
associated with csPCa diagnoses using cog-MRGB,
including PSAD and BD. Moreover, all procedures
were performed by the same radiologist, urologist,
and pathologist, which helped minimize variability
in the results.

The current study was also exposed to several
limitations. First, the study included a small sample
size. However, PCa shows a growing pattern
among North African and Middle Eastern
populations, and also the Iranian male, the PCa
burden is still low, in contrast to Western
countries’®. Thus, a limited sample size was
expected. Second, standard systematic plus cog-
MRGB was considered the reference test, and mp-
MRI findings did not compare with prostatectomy
specimens due to the study’s retrospective design
and lack of final pathology results.

Conclusion

Our initial experience demonstrated  that
implementation of PI-RADS v2.1 and cog-MRGB
using 1.5T mp-MRI provide an acceptable overall
DR for PCa and csPCa, especially in PI-RADS 5
cases. However, results should be interpreted with
caution in patients with a PI-RADS score of 4 or
lesions located at the prostate TZ. Moreover, PI-
RADS 5 and PSAD, with a cutoff value of 0.16
ng/ml?, were significant independent predictors of
csPCa. In contrast, BD with a cutoff value of 0.26
core/ml did not show a statistically significant

association with csPCa when combined with other
parameters. Further studies are needed to assess
the potential of BD in predicting csPCa and

reducing unnecessary biopsies.
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Supplementary

MULTIPARAMETRIC MRI OF PROSTATE (with dynamic post contrast images)

History: elevated PS4 level of 8.95

Findings:

Size: 5 x 4 x 3.5 = 36.5¢

Hemorrhage: None

Peripheral zone: heterogeneous high 12 sagittal

Transition zone: heterogeneous in T2, consistent with BPH changes
Seminal vesicle: Not involved

Lymph nodes: Not involved

Bones: Not involved

Lesions:

Peripheral zone: mostly compatible with PI-RADs 5 features.

There is a 24" focus of restriction in DWI & signal decrease in ADC, in the right
posterolateral & posteromedial aspect of mid & lower peripheral zones, with concordant
signal decrease in T2 & early initial enhancement in post contrast sequences, considered

suspicious for clinically significant cancer in peripheral zone.

However, there is diffuse infiltration of prostate gland with low 12 signal intensity lesion but
with no concordant significant restriction in DWI, esp in left side of mid & lower transitional
zones suggestive of associated diffuse prostatic gland cancerous involvement, but with non-

clinically significant cancer.
Prostate is enlarged as a result of BPH changes.

Bladder wall is thickened & there is mild mucosal irregularity.

PI-RADS =5

Very high (clinically significant cancer is highly likely to be present)

Impression:

Tissue biopsy is recommended for evaluation of possible underlying clinically significant cancer in

prostate. (P=35)

PI-RADS v2.1 scores of 4 and 5

Supplementary Figure S 1. Multiparametric magnetic resonance imaging report according to the PI-RADS 2.1 outlined standard

reporting format.

PSA, prostate-specific antigen; BPH, benign prostatic hyperplasia; DWI, diffusion-weighted imaging; ADC, Apparent diffusion

coefficient; EPE, extraprostatic extension, PI-RADS, Prostate Imaging Reporting and Data System.

Supplementary Figure S 2. Topographic map of the prostate according to PI-RADS v2.1 sector map diagram

PZ, peripheral zone; TZ, transition zone; CZ, central zone; AFS, anterior fibromuscular stroma; a, anterior; p, posterior, PI-RADS v2.1,

Prostate Imaging Reporting and Data System version 2.1.
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Supplementary Table S1. The prostate mp-MRI sequence specifications

Slice thickness

TR (ms) TE (ms) FOV (cm) Matrix b value (s/mm?
(mm)

Sequences
Axial T2WI 4200 100 3 15 352x352 -
Coronal T2WiI 3600 100 3 15 352x352 -
Axial DWI (zoom DWI) 2100 100 4 15 96x96 0,800,1400
Axial post contrast T1 classic 660 10 5 35 - -
Axial DCE T1 VIBE (Mdixon)

0 3 15 320x320 -

including precontrast

mp-MRI, multiparametric magnetic resonance imaging; TR, repetition time, TE, echo time; FOV, field of view; T2WI, T2 weighted

image; DWI, diffusion-weighted imaging; VIBE, volumetric interpolated breath-hold examination; DCE, dynamic contrast

enhancement.

Supplementary Table S2. Baseline characteristics of the study population according to PIRADS categories

PI-RADS v2.1
PI-RADS 4 PI-RADS 5 P-
(n = 35) (n=41) value
Characteristics
Age (years) 66.83 (8.32) 70.37 (9.03) 0.082
PSAT (ng/ml) 7.5(5.32-12.36) 16.1(7.52-30.72)  <0.001
PSAD (ng/ml?) 0.15(0.11-0.27) 0.30(0.13-0.61) 0.008
Prostate volume (ml) 45 (35-69) 46 (35.5-81) 0.393
The number of lesions per patient 1(1-2) 1(1-2) 0.628
Single lesion 19 (54.3%) 25 (61%) 0.643
Multiple lesions 16 (45.7%) 16 (39%) 0.643
The calculated mean of lesions diameter per patient (mm) 13 (11.5-14) 20 (17.5-32.5) <0.001
Anatomical location of the lesion
Transitional zone 20 (57.1%) 15 (36.6%) 0.106
Peripheral zone 18 (51.4%) 33 (80.5%) 0.013
Number of additional cognitive cores per patient 2 (1-3) 2 (1-3) 0.857
The total biopsy cores length (mm) 231.71 (41.79) 222.07 (38.95) 0.302
Biopsy density (core/ml) 0.3 (0.21-0.39) 0.29 (0.15-0.38) 0.338

Values are expressed as mean (standard deviation) or median (interquartile range) for continuous variables and n (%) for

categorical variables.

csPCa, clinically significant prostate cancer; PSA, prostate-specific antigen; PSAD, PSA density; mp-MRI, multiparametric

magnetic resonance imaging; PI-RADS, Prostate Imaging Reporting and Data System.

T There was one missing data for PSA among the study populati

on.
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Supplementary Table S3. Characteristics PI-RADS v2.1 studies among Middle East population

Authors Patient number
PSA PI-RADS
(references) Age R PI-RADS
Method . level version . . i
Lesion number (mean/m . categories Prior biopsy status R R csPCa
. {mean/ (Patients/I MRI . . . Biopsy technique . i
Year . edian) i . (Patients/ lesions (Patients number) definition csPCa detection rate
Duration . median) esions
Anatomical (year) number) (Percent)
R (ng/dl) number)
Country location
(Lesions number)
154 )
) PI-RADS 1 = 34 12 quadrants systematic PI-RADS 1=0%
Coskun etal. ®  Retrospective .
. PI-RADS 2 = 6 biopsy PI-RADS 2 = 18 %
Patient-based 138
2021 66 7.8 v2.1 15T PI-RADS 3 = 11 NR GS = 3+4 PI-RADS 3 =34 %
. PI-RADS 4 = 38 Additional cognitive PI-RADS 4 = 80 %
2 years Peripheral = 119 . .
Turk PI-RADS 5 = 65 fusion biopsy among 19 PI-RADS 5 = 82%
rke
urkey - patients with TZ lesion
Transitional = 19
246
Overall = 63 %
. vl =39 . . In-bore
Vural et al. 2 Retrospective 277 Biopsy naive = 200 X . .
Sinal R PI-RADS 4 = 165 Among biopsy naive patients =
ingle-center
9 . 65.7 7.75 v2 =201 3T . . In addition, 81 patients GP =4 66%
2021 Lesion-based Peripheral = 227 Prior negative R
PI-RADS 5 = 112 bi 46 underwent radical
iopsy =
. v2.1 =37 psy prostatectomy. PI-RADS score of 4 = 49.7%
Turkey 8 years Transitional = 46
PI-RADS score of 5 =75 %
Central = 4
Transrectal target biopsy =
19.5%
) Transrectal systematic biopsy =
Retrospective
) 16.3%
Prostate cancer and Software-guided
Koparal et al. . .
" prostate biopsy PI-RADS 2 = 24 Biopsy naive (NR) transperineal/transrectal Transrectal target bionsy blus
database analysis 1143 v2 PI-RADS 3 = 318 psy MRI/TURS fusion biopsy 21 target biopsy p
) ISUP GG =  systematic biopsy = 24.6%
(Turkish Urooncology 63 6.6 NR PI-RADS 4 = 545 ) ) followed by
2021 o Prior negative 2
Association) 1500 v2.1 PI-RADS 5 = 256 T quadrants X X
) systematic biopsy . Transperineal target biopsy =
Patient-based transperineal/transrectal
Turkey 27.5%

4 years

systematic biopsy

Transperineal systematic biopsy
=24.6%

Transperineal target biopsy
plus systematic biopsy = 35.5%

PI-RADS v2.1, Prostate Imaging Reporting and Data System version 2.1; PSA, prostate-specific antigen; MRI, magnetic resonance imaging; csPCa, clinically significant prostate cancer; v1, v2, v2.1, version; T, tesla; NR, not reported; TZ, transitional

zone; GS, Gleason score; GP, Gleason pattern; TRUS, transrectal ultrasound; ISUP GG, International Society of Urological Pathology Grade Group.
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