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PURPOSE
We aim to examine the long-term outcomes of patients who underwent multiparametric prostate 
magnetic resonance imaging (mp-MRI) for suspected prostate cancer (PCa), specifically based on 
their initial Prostate Imaging Reporting and Data System (PI-RADS) categories and various clinical 
factors. Our secondary aim is to evaluate the prognostic value of the PI-RADS through the National 
Comprehensive Cancer Network (NCCN) risk group distribution.

METHODS
This research was conducted as a single-center retrospective cohort study in a tertiary care hospital. 
A total of 1,359 cases having at least one histopathological examination after the initial mp-MRI 
and/or adequate clinical/radiological follow-up data were included in the clinically significant PCa 
(cs-PCa) diagnosis-free survival analysis. Initial mp-MRI dates were accepted as the start of follow-up 
for the time-to-event analysis. The event was defined as cs-PCa diagnosis (International Society 
of Urological Pathology ≥2). Patients who were not diagnosed with cs-PCa during follow-up were 
censored according to predefined literature-based criteria at the end of the maximum follow-up 
duration with no reasonable suspicion of PCa and no biopsy indication. The impact of various fac-
tors on survival was assessed using a log-rank test and multivariable Cox regression. Subsequently, 
394 cases diagnosed with PCa during follow-up were evaluated, based on initial PI-RADS categories 
and NCCN risk groups. 

RESULTS
Three main risk factors for cs-PCa diagnosis during follow-up were an initial PI-RADS 5 category, ini-
tial PI-RADS 4 category, and high MRI-defined PSA density (mPSAD), with average hazard ratios of 
29.52, 14.46, and 3.12, respectively. The PI-RADS 3 category, advanced age group, and biopsy-naïve 
status were identified as additional risk factors (hazard ratios: 2.03, 1.54–1.98, and 1.79, respec-
tively). In the PI-RADS 1–2 cohort, 1, 3, and 5-year cs-PCa diagnosis-free survival rates were 99.1%, 
96.5%, and 93.8%, respectively. For the PI-RADS 3 cohort, 1, 3, and 5-year cs-PCa diagnosis-free 
survival rates were 94.9%, 90.9%, and 89.1%, respectively. For the PI-RADS 4 cohort, 1, 3, and 5-year 
cs-PCa diagnosis-free survival rates were 56.6%, 55.1%, and 55.1%, respectively. These rates were 
found to all be 24.2% in the PI-RADS 5 cohort. Considering the 394 cases diagnosed with PCa during 
follow-up, PI-RADS ≥4 cases were more likely to harbor unfavorable PCa compared to PI-RADS ≤3 
cases (P < 0.001). In the PI-RADS 3 subgroup analysis, a low mPSAD (<0.15 ng/mL2) was found to be 
a protective prognostic factor against unfavorable PCa (P = 0.005).

CONCLUSION
The PI-RADS category has a significant impact on patient management and provides important 
diagnostic and prognostic information. Higher initial PI-RADS categories are associated with de-
creased follow-up losses, a shorter time to PCa diagnosis, increased biopsy rates, a higher likelihood 
of developing cs-PCa during follow-up, and a worse PCa prognosis. Combining mPSAD with PI-
RADS categories could enhance diagnostic stratification in the identification of cs-PCa.
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Prostate cancer (PCa) is one of the most 
common cancers among men world-
wide. It encompasses a broad and het-

erogeneous spectrum of diseases, ranging 
from low-grade clinically insignificant tu-
mors to metastatic disease with high mor-
bidity and mortality. The clinical heteroge-
neity and significant differences in prognosis 
have led to the search for risk stratification 
in PCa management. Classification systems 
incorporating biochemical, clinical, and his-
topathological data, such as the National 
Comprehensive Cancer Network (NCCN) 
guidelines and the D’Amico risk scale, are fre-
quently used in urology practice and effec-
tively employed in patient management.1,2

As another effective tool, multiparametric 
prostate magnetic resonance imaging (mp-
MRI) is widely used for the early detection, 
staging, and monitoring of prostate tumors. 
Efforts to integrate mp-MRI with diagnostic 
algorithms have gained momentum follow-
ing the implementation of the Prostate Im-
aging Reporting and Data System (PI-RADS) 
categories. This standardized reporting sys-
tem has facilitated the assessment of mp-
MRI findings and enabled objective stratifi-
cation for suspected clinically significant PCa 
(cs-PCa).3 The increasing body of literature 
elucidated the potential diagnostic value of 
mp-MRI, and, eventually, the European Asso-
ciation of Urology guideline recommended 

conducting an mp-MRI before the initial bi-
opsy.4

Our study aims to evaluate the long-term 
follow-up outcomes of patients who under-
went mp-MRI for suspected PCa, explicitly 
focusing on initial PI-RADS assessment cat-
egories. We will determine cs-PCa diagno-
sis-free survival probabilities across different 
PI-RADS cohorts, calculate the hazard ratios 
of key clinical parameters influencing the 
outcome, assess the prognostic value of the 
PI-RADS by examining NCCN risk group dis-
tribution, and discuss possible management 
strategies for different patient subgroups in 
light of our results and current literature.

Methods
This study was approved by the  

Hacettepe University Non-Invasive Clinical 
Research Ethics Committee (decision num-
ber: 2022/01-30, date: 10.05.2022), with a 
waiver of informed consent.

The workflow of the study is summarized 
in Figure 1.

Data collection

Patients who underwent mp-MRI in our 
institution between April 2014 and June 
2021 were identified using the hospital’s 
information system. Relevant clinical, radio-
logical, and histopathological data were ex-
tracted for these patients throughout their 
follow-up period (until June 2022). 

Definitions and basic considerations

Baseline prostate-specific antigen (PSA): 
PSA values at the time of initial mp-MRI were 
considered as the baseline PSA.

Prostate volume: Prostate volume was 
calculated using the ellipsoid formula 
(length × width × height × π/6) on the initial 
mp-MRI.5

MRI-defined PSA density (mPSAD): 
mPSAD was calculated by dividing the base-
line PSA by the prostate volume. A cut-off 
value of 0.15 ng/mL2 was used for mPSAD.4

PSA velocity (PSAV): PSAV was calculat-
ed using the first-to-last method in patients 
with at least three PSA values covering at 
least one year of follow-up interval.6

mp-MRI evaluation: The PI-RADS catego-
ries of cases were extracted directly from the 
mp-MRI reports in the hospital’s information 
system and were used without making any 
retrospective category changes, even in the 
presence of radiopathology discrepancies. 

This methodology aimed to maintain the 
cause-and-effect relationship between the 
already reported PI-RADS categories and the 
subsequent diagnostic management, ensure 
that category assigners remained blinded 
and unbiased, and obtain results that re-
flected everyday practice rather than ideal 
conditions. In accordance with our center’s 
routine radiology practices, each mp-MRI 
was categorized into one of four PI-RADS 
assessment groups (PI-RADS 1–2, 3, 4, and 5 
categories). These assignments were carried 
out by one of four readers, each with at least 
10 years of experience in abdominal radiolo-
gy and following the guidelines of PI-RADSv2 
and PI-RADSv2.1. All mp-MRI examinations 
were performed on five MRI (two 3.0 Tesla 
and three 1.5 Tesla) scanners, using imaging 
protocols in line with PI-RADS recommenda-
tions. The imaging protocols of the two most 
commonly used devices are provided as Sup-
plementary Table 1.

Histopathological examination types: 
In our institution, PI-RADS 1–2 cases requir-
ing biopsy undergo transrectal ultrasound 
(TRUS)-guided systematic biopsy in the urol-
ogy department and rarely in the interven-
tional radiology unit. On the other hand, PI-
RADS ≥3 cases typically undergo MRI-TRUS 
fusion biopsy combined with systematic 
biopsy, performed by interventional radiol-
ogists. 

Histopathological examination results: 
All available core biopsy results and, if pres-
ent, radical prostatectomy results of the 
patients were extracted from the hospital’s 
information system. Normal prostate tissue, 
inflammation, atypical small acinar prolifer-
ation, and prostatic intraepithelial neoplasia 
were considered non-neoplastic. In cases 
diagnosed with PCa, biopsy results were 
recorded according to the International So-
ciety of Urological Pathology (ISUP) grade 
group system. The highest ISUP grade in the 
sample was accepted as the final result; ISUP 
= 1 PCa cases were classified as clinically in-
significant PCa, and ISUP ≥2 cases were con-
sidered cs-PCa.

NCCN risk groups: The risk stratification 
of patients was completed by urologists us-
ing the clinical and histopathological results 
according to the NCCN guidelines. Patients 
included in the very low, low, and interme-
diate-favorable risk groups, which had the 
option of undergoing active surveillance, 
were accepted as “favorable PCa”. The inter-
mediate-unfavorable, high, and very high-
risk groups were categorized as “unfavorable 
PCa”.1

Main points

•	 Beyond its role in standardizing multipara-
metric prostate magnetic resonance imag-
ing (mp-MRI) reporting, the Prostate Imag-
ing Reporting and Data System (PI-RADS) 
category has a significant impact on patient 
management and provides important diag-
nostic and prognostic insights.

•	 Combining MRI-defined prostate-specific 
antigen density (mPSAD) with the PI-RADS 
can potentially enhance diagnostic strati-
fication for identifying clinically significant 
prostate cancer (cs-PCa).

•	 Conservative management seems reason-
able for PI-RADS 1–2 cases because of high 
long-term cs-PCa diagnosis-free survival 
probabilities.

•	 For PI-RADS 3 cases, a low initial mPSAD 
(<0.15 ng/mL2) or a history of prior negative 
biopsy may favor the adoption of conserva-
tive management based on reassuring fol-
low-up results.

•	 Histopathological examination appears to 
be the most reliable approach for PI-RADS 
≥4 cases, even when considering all vari-
able-based subgroups.
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Figure 1. Workflow of the study. PCa, prostate cancer; PSA, prostate-specific antigen; mp-MRI, multiparametric prostate magnetic resonance imaging; PI-RADS, 
Prostate Imaging Reporting and Data System; cs-PCa, clinically significant prostate cancer; NCCN, National Comprehensive Cancer Network.

Table 1. Descriptive statistics of the cases included in the survival analysis

Variables PI-RADS 1–2 cohort
(n = 385)

PI-RADS 3 cohort
(n = 478)

PI-RADS 4–5 cohort
(n = 496)

Age (years)
Mean ± SD 61.55 ± 7.67 61.36 ± 7.70 64.36 ± 8.16

Median (min–max) 61.00 (37.00–86.00) 61.50 (38.00-85.00) 64.00 (41.00–85.00)

Baseline total PSA (ng/mL) 
Mean ± SD 6.83 ± 5.40 7.80 ± 5.13 19.55 ± 102.97

Median (min–max) 5.66 (0.19–69.64) 5.48 (0.27-41.43) 7.81 (0.34–1968.56)

MRI-defined PSA density (ng/mL2)
Mean ± SD 0.11 ± 0.09 0.13 ± 0.10 0.47 ± 3.37

Median (min–max) 0.09 (0.01–0.75) 0.10 (0.01-0.84) 0.15 (0.00–61.86)

Prior negative biopsy, n (%)
Present 117 (30.4%) 156 (32.6%) 128 (25.8%)

Absent (biopsy-naïve) 268 (69.6%) 322 (67.4%) 368 (74.2%)

Magnetic field strength of 
the initial MRI scanner, n (%)

1.5 Tesla 181 (47.0%) 183 (38.3%) 174 (35.1%)

3.0 Tesla 204 (53.0%) 295 (61.7%) 322 (64.9%)

Cases with at least one follow-up mp-MRI, n (%) 153 (39.7%) 177 (37.0%) 72 (14.5%)

Cases with at least one histopathological examination during follow-up, n (%) 101 (26.2%) 240 (50.2%) 472 (95.2%)

PI-RADS, Prostate Imaging Reporting and Data System; MRI, magnetic resonance imaging; PSA, prostate-specific antigen; mp-MRI, multiparametric prostate MRI; 
SD, standard deviation; min, minimum; max, maximum.
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Case selection: The main dataset was cre-
ated by excluding patients with no suspicion 
of PCa, a previous diagnosis of PCa, a history 
of radical prostatectomy, an unknown base-
line total PSA value, and low-quality initial 
mp-MRI precluding PI-RADS category assess-
ment. Subsequently, patients with at least 
one histopathological examination and/or 
at least one follow-up mp-MRI performed a 
minimum of 6–12 months apart, and/or clini-
cal follow-up records spanning at least 1 year 
in the urology clinic, were included in the cs-
PCa diagnosis-free survival analysis. A small 
number of indeterminate cases (n = 25) that 
did not show any stable course and had an 
unknown outcome were excluded from the 
survival analysis (Figure 1).

Follow-up considerations

Start of follow-up: Defined as the date of 
the first mp-MRI.

Event: Cs-PCa (ISUP ≥2) diagnosis based 
on histopathological examination.

PI-RADS cohort: A group of patients who 
shared the same initial PI-RADS category and 
were eligible for cs-PCa diagnosis-free surviv-
al analysis.

Censored observations: Patients not di-
agnosed with cs-PCa during the follow-up 
were censored based on our pre-established 
censoring criteria. This censoring was per-
formed at the end of the maximum follow-up 
period without suspicion of malignancy 
and without the need for biopsy. Censoring 
points were decided according to the histo-
pathological examination results, radiolog-
ical follow-up findings, and clinical stability 
during follow-up (in order of decreasing 
significance) to determine cs-PCa diagno-
sis-free survival times.

Censoring based on histopathological 
examination: Non-neoplastic or ISUP = 1 
PCa results.

Censoring based on follow-up mp-MRI: 
PI-RADS 1–2, stable or regressing PI-RADS 3, 
a PI-RADS downgrade from PI-RADS 4–5 to 
PI-RADS 3, and a PI-RADS upgrade from PI-
RADS 1–2 to PI-RADS 3 with at least 1-year 
subsequent clinical stability and/or subse-
quent radiological stability.

Censoring based on clinical follow-up

Cases meeting the following three criteria 
were censored based on clinical follow-up:

i) Final total PSA value not exceeding 20 
ng/mL,

ii) Total PSA value within age-based nor-
mal range or PSAV below 0.75 ng/mL/year,7,8

iii) No suspicious digital rectal examina-
tion (DRE) findings

Our schematic algorithm and illustrative 
case examples explaining follow-up evalu-
ation in detail are given as Supplementary 
Figures 1 and 2, respectively.

Statistical analysis

The SPSS Statistics (v.11.5) software (Chi-
cago, SPSS Inc.) was used for conducting 
data analysis. Descriptive statistics were pre-
sented in the form of mean ± standard devi-
ation or standard error, median (minimum–
maximum) for quantitative variables, and 
number of patients (percentage) for qualita-
tive variables. A chi-square test was used to 
examine the association between two cate-
gorical variables. An independent samples 
t-test and one-way analysis of variance were 
utilized to compare the means of indepen-
dent groups. A Kaplan–Meier test was used 
for survival analysis. The impact of various 
factors on survival was assessed using a log-
rank test and multivariable Cox regression 
analysis. The P value threshold for statistical 
significance was accepted as 0.05.

Results
Basic descriptive statistics of the main 

dataset by initial PI-RADS categories and 
the distribution percentages of follow-up 
status for each PI-RADS subgroup are given 
in Figure 2. Table 1 presents the descriptive 
statistics of each PI-RADS cohort eligible for 
cs-PCa diagnosis-free survival analysis. No 
statistically significant differences were ob-
served when each PI-RADS subgroup in the 
main dataset was compared with the corre-
sponding PI-RADS cohort in terms of prima-
ry clinical variables (P > 0.19). On the other 
hand, significant differences were identified 
among PI-RADS 1–2, 3, and 4–5 cohorts re-
garding baseline PSA and initial mPSAD val-
ues, both of which were positively correlated 
with the PI-RADS categories (P values 0.002 
and 0.01, respectively). The PI-RADS 1–2 and 
3 cohorts were comparable in terms of age 
and prior biopsy status (P values 0.72 and 
0.48, respectively). However, the PI-RADS 
4–5 cohort demonstrated significantly high-
er age and biopsy-naïve status percentages 
than the PI-RADS ≤3 cohort (P values <0.001 
and 0.02, respectively).

Of the 1,359 cases included in the surviv-
al analysis, 252 (18.5%) were diagnosed with 
cs-PCa at the end of follow-up. The follow-up 

Figure 2. In the main dataset, the rates of follow-up loss for Prostate Imaging Reporting and Data System 
(PI-RADS) 1–2, PI-RADS 3, and PI-RADS 4–5 subgroups are 59%, 46%, and 20%, respectively. Meanwhile, the 
rates of undergoing at least one biopsy during follow-up are 11%, 27%, and 76% for these categories, in 
the order given. Consequently, as the initial PI-RADS category increases, follow-up losses decrease, and the 
probability of undergoing biopsy during follow-up increases. Each distinct PI-RADS subgroup within the 
main dataset exhibits similar characteristics concerning age, baseline prostate-specific antigen (PSA) levels, 
magnetic resonance imaging-defined PSA density, and prior biopsy status, with corresponding PI-RADS 
cohorts included in the survival analysis.
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durations of the remaining event-free 1,107 
cases, stratified by the initial PI-RADS cat-
egories of 1–2, 3, and 4–5, were as follows 
(format, mean ± standard error): 28.21 ± 
1.01, 24.78 ± 0.95, and 16.03 ± 1.25 months, 
respectively. Notably, among these censored 
cases, a negative correlation between the 
initial PI-RADS category and event-free fol-
low-up duration was identified (P < 0.001). 

The multivariable Cox regression analysis 
revealed that the initial PI-RADS category, 
mPSAD, age (cut-off, 60 years), and prior bi-
opsy status significantly affected cs-PCa diag-
nosis-free survival (Table 2). Figure 3a shows 
the survival curves of each PI-RADS cohort, 
demonstrating statistically significant differ-
ences among all groups (P < 0.001). The cs-
PCa diagnosis-free survival durations of PI-
RADS 1–2, 3, 4, and 5 cohorts were as follows 
(format, mean ± standard error): 81.57 ± 1.38, 
74.30 ± 1.21, 47.02 ± 2.72, and 21.17 ± 3.41 
months, respectively (Table 3).

In the survival analyses, 1, 3, and 5-year 
cs-PCa diagnosis-free survival rates for the 
PI-RADS 1–2 cohort were 99.1%, 96.5%, and 
93.8%, respectively. Only the initial mPSAD 
was found to affect cs-PCa diagnosis-free 
survival in the PI-RADS 1–2 cohort (Table 3).

For the PI-RADS 3 cohort, 1, 3, and 5-year 
cs-PCa diagnosis-free survival rates were 
94.9%, 90.9%, and 89.1%, respectively (Ta-
ble 3). Initial mPSAD and prior biopsy status 
were the two factors affecting cs-PCa diag-
nosis-free survival in the PI-RADS 3 cohort 
(Figure 3b, c). According to Cox multivariable 
regression analysis, a high mPSAD and biop-
sy-naïve status were significantly associated 
with the development of cs-PCa during the 
follow-up of the PI-RADS 3 cohort [hazard 
ratio (95% confidence interval): 3.97 (1.92–
8.20) and 3.61 (1.35–9.70), respectively].

For the PI-RADS 4 cohort, the 1, 3, and 
5-year cs-PCa diagnosis-free survival rates 
were 56.6%, 55.1%, and 55.1%, respective-
ly. These rates were found to all be 24.2% in 
the PI-RADS 5 cohort (Table 3). Factor-based 
evaluation in the combined PI-RADS 4–5 co-
hort revealed that initial mPSAD, prior biopsy 
status, and the age group affected cs-PCa di-
agnosis-free survival (Figure 3d-f ).

Considering the 394 cases diagnosed 
with PCa during follow-up, distributions of 
ISUP grade groups and NCCN risk groups ac-
cording to the initial PI-RADS categories are 

Figure 3. (a) The clinically significant prostate cancer (cs-PCa) diagnosis-free survival curves of all cases included in the survival analysis, stratified by the initial 
Prostate Imaging Reporting and Data System (PI-RADS) category. Among all PI-RADS cohorts, a statistically significant inverse correlation was identified between 
the initial PI-RADS category and cs-PCa diagnosis-free survival (P < 0.001). (b) The cs-PCa diagnosis-free survival curves of the PI-RADS 3 cohort, stratified by initial 
magnetic resonance imaging-defined prostate-specific antigen density (mPSAD) range. A higher probability of survival was observed in the low mPSAD (<0.15 ng/
mL2) subgroup (P < 0.001). (c) The cs-PCa diagnosis-free survival curves of the PI-RADS 3 cohort, stratified by prior biopsy status. Biopsy-naïve cases exhibited a lower 
probability of cs-PCa diagnosis-free survival (P = 0.018). (d) The cs-PCa diagnosis-free survival curves of the PI-RADS 4–5 cohort, stratified by initial mPSAD range. The 
subgroup with a high mPSAD (≥0.15 ng/mL2) demonstrated a lower probability of cs-PCa diagnosis-free survival (P < 0.001). (e) The cs-PCa diagnosis-free survival 
curves of the PI-RADS 4–5 cohort, stratified by prior biopsy status. Cases with a history of prior negative biopsy displayed a higher probability of survival without a 
cs-PCa diagnosis (P < 0.001). (f) The cs-PCa diagnosis-free survival curves of the PI-RADS 4–5 cohort, stratified by age group. A negative correlation was observed 
between the age range and the probability of a cs-PCa diagnosis-free survival (P < 0.001). 

Table 2. Cox regression of the risk factors for cs-PCa diagnosis in all follow-up cases

Risk factors Hazard ratio P value 95% CI

Initial PI-RADS 5* 29.52 <0.001 15.93–54.72

Initial PI-RADS 4* 14.46 <0.001 7.92–26.41

Initial PI-RADS 3* 2.03 0.039 1.04–3.96

Age (>70)** 1.98 0.001 1.37–2.85

Age (60–70)** 1.54 0.013 1.10–2.16

mPSAD ≥0.15 ng/mL2 3.12 <0.001 2.36–4.11

Biopsy-naïve status 1.79 <0.001 1.30–2.46

*Cases with an initial PI-RADS 1–2 category were used as a reference; **cases below the age of 60 years were used 
as a reference. PI-RADS, Prostate Imaging Reporting and Data System, CI, confidence interval; mPSAD, magnetic 
resonance imaging-defined prostate-specific antigen density; cs-PCa, clinically significant prostate cancer.
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provided in Table 4. Figure 4 demonstrates 
the percentages of favorable and unfavor-
able PCa cases and subgroup analysis results 
for PI-RADS 3 cases. In PI-RADS 1–2, 3, 4, 
and 5 cases that were eventually diagnosed 
with PCa, the initial mp-MRI-to-PCa diagno-

sis time intervals were observed as median 
(minimum–maximum) values of 300 (7–
2,398) days, 75 (3–1,616) days, 28 (6–1,360) 
days, and 23 (1–233) days, respectively. Cor-
respondingly, in mean ± standard error for-
mat, these intervals were 545.8 ± 121.4, 236.3 

± 38.0, 67.4 ± 12.6, and 32.7 ± 3.2 days, in the 
given order. Thus, a negative correlation be-
tween the PI-RADS category and the time to 
PCa diagnosis was evident. 

Table 3. The cs-PCa diagnosis-free survival results of PI-RADS cohorts and variable-based subgroups

Cohorts and subgroups
Cs-PCa diagnosis-free survival

P values
(Log-rank test)

1 year (%) 3 years (%) 5 years (%) Survival time (months)

Mean ± SE Median ± SE

PI-RADS 1–2 cohort 99.1 96.5 93.8 81.57 ± 1.38 - -

Age (years)

<60 97.8 96.6 96.6 78.55 ± 1.20 -

0.89460–70 - 95.7 93.6 78.60 ± 1.39 -

>70 - - 83.3 74.72 ± 5.98 74.10 ± 18.96

mPSAD (ng/mL2)
<0.15 - 98.7 97.3 84.45 ± 0.78 -

<0.001
≥0.15 95.2 84.8 70.7 64.68 ± 5.16 74.10 ± -

Prior negative biopsy
Absent 99.6 96.8 94.8 81.11 ± 2.10 -

0.716
Present 98.2 95.8 92.2 77.94 ± 1.82 -

PI-RADS 3 cohort 94.9 90.9 89.1 74.30 ± 1.21 - -

Age (years)

<60 95.0 95.0 95.0 70.41 ± 1.22 -

0.22260–70 96.3 88.8 85.4 73.04 ± 1.94 -

>70 88.9 86.0 86.0 60.30 ± 3.25 -

mPSAD (ng/mL2)
<0.15 97.5 94.1 91.8 75.04 ± 1.18 -

<0.001
≥0.15 88.4 82.6 82.6 68.43 ± 2.82 -

Prior negative biopsy
Absent 92.6 88.9 85.4 72.25 ± 1.78 -

0.018
Present 99.2 94.6 94.6 75.30 ± 1.35 -

PI-RADS 4 cohort 56.6 55.1 55.1 47.02 ± 2.72 - -

Age (years)

<60 72.0 72.0 72.0 44.74 ± 3.26 -

0.00160–70 56.2 54.6 54.6 46.60 ± 3.90 -

>70 38.2 35.8 35.8 26.64 ± 4.69 2.43 ± 1.56

mPSAD (ng/mL2)
<0.15 67.7 66.4 66.4 56.37 ± 3.27 -

<0.001
≥0.15 39.1 37.4 - 19.96 ± 2.58 2.10 ± 0.92

Prior negative biopsy
Absent 52.9 50.6 50.6 41.12 ± 3.12 -

0.141
Present 65.0 65.0 65.0 54.86 ± 2.72 -

PI-RADS 5 cohort 24.2 24.2 24.2 21.17 ± 3.41 1.10 ± 0.18 -

PI-RADS, Prostate Imaging Reporting and Data System; SE, standard error; mPSAD, magnetic resonance imaging-defined prostate-specific antigen density; cs-PCa, clinically 
significant prostate cancer.

Table 4. Histopathological examination results and the prognostic risk groups of cases diagnosed with PCa during follow-up

Initial PI-RADS categories
ISUP grade groups National Comprehensive Cancer Network risk groups

ISUP = 1 PCa
(ci-PCa)

ISUP ≥2 PCa
(cs-PCa)

Very low Low Intermediate
(favorable)

Intermediate 
(unfavorable)

High Very high

PI-RADS 1-2
(n = 28) (%)

16
(57.1)

12 
(42.9)

7 
(25.0)

3 
(10.7)

5 
(17.9)

6 
(21.4)

7 
(25.0)

0 
(0.0)

PI-RADS 3 
(n = 80) (%)

50 
(62.5)

30 
(37.5)

16 
(20.0) 17 (21.3) 15

(18.7)
16
(20.0)

14
(17.5)

2
(2.5)

PI-RADS 4,
(n = 165) (%)

55 
(33.3)

110 
(66.7)

11
(6.7)

25
(15.2)

33
(20.0)

48
(29.1)

34
(20.6)

14
(8.5)

PI-RADS 5
(n = 121) (%)

21 
(17.4)

100 
(82.6)

2
(1.6)

7
(5.8)

5
(4.1)

18
(14.9)

43
(35.6)

46
(38.0)

PI-RADS, Prostate Imaging Reporting and Data System; ISUP, International Society of Urological Pathology; PCa, prostate cancer; ci-PCa: clinically insignificant prostate cancer; 
cs-PCa, clinically significant prostate cancer; SE, standard error; min, minimum; max, maximum.
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Discussion
Our findings showed that the PI-RADS 

offered important insights for prognostic 
evaluation and patient management. As the 
initial PI-RADS category increased, follow-up 
losses and time to PCa diagnosis decreased, 
the probabilities of undergoing biopsy and 
developing cs-PCa during follow-up in-
creased, and the PCa prognosis worsened. 
Following the initial PI-RADS category, 
mPSAD was the second significant variable 
and was strongly associated with long-term 
follow-up results. The combination of the 
PI-RADS and mPSAD could, accordingly, im-
prove diagnostic stratification regarding cs-
PCa. According to the cs-PCa diagnosis-free 
survival analysis, conservative management 
appeared reasonable for cases with initial 
PI-RADS 1–2 categories, based on reassuring 
follow-up results. Similarly, a conservative 
approach may be advisable in PI-RADS 3 cas-

es, particularly if the initial mPSAD was low 
(<0.15 ng/mL2) or if there was a history of pri-
or negative biopsy, both of which provided 
reassuring follow-up outcomes. Histopatho-
logical examination still appeared to be the 
most reliable approach for cases graded as 
PI-RADS ≥4, a finding that held even when 
examining different subgroups of PI-RADS 
≥4 cases based on variable clinical factors. 

In terms of methodology, we evaluated 
cases with sufficient follow-up data accord-
ing to a follow-up scheme that utilized clini-
co-radiological follow-up findings and histo-
pathological examination results. The clinical 
and radiological criteria in this scheme were 
determined through a multidisciplinary 
approach, considering literature-based ev-
idence and our institutional experience. In 
event-free cases, the maximum duration 
without reasonable PCa suspicion or biopsy 
indication was accepted as the end of fol-

low-up to avoid overestimating cs-PCa diag-
nosis-free survival.

There are several existing mp-MRI-based 
follow-up studies. In a study conducted by 
Venderink et al.9, cases classified as PI-RADS 
1–2 on the follow-up mp-MRI were censored 
as cs-PCa diagnosis-free at the time of mp-
MRI. In a prospective follow-up study con-
ducted by Hauth et al.10 on PI-RADS 3 and 4 
cases, a PI-RADS downgrade (from PI-RADS 
3 to 2, and PI-RADS 4 to 3), as well as stable 
PI-RADS 3 category during follow-up, were 
considered negative indicators for malignan-
cy. We based our methodology on these two 
studies to establish the censoring points for 
radiological follow-up in our study. Addition-
ally, in Hauth et al.’s10 study, cases with a PI-
RADS upgrade (from 3 to 4 and 4 to 5), as well 
as stable PI-RADS 4 cases during follow-up, 
were reported to harbor at least a 50% pos-
sibility of cs-PCa, emphasizing the necessity 
for performing a biopsy. Therefore, we decid-
ed to consider these cases “indeterminate” 
unless a biopsy was performed during sub-
sequent follow-up. Conversely, we accept-
ed cases showing a PI-RADS upgrade from 
PI-RADS 1–2 to 3 as cs-PCa diagnosis-free if 
follow-up radiological stability was present 
or at least 1 year of subsequent clinical sta-
bility was observed. We based this approach 
on a prospective study by van der Sar et al.11, 
which compared “immediate biopsy” and 
“close surveillance” approaches for radiolog-
ically indeterminate cases, and a literature 
review by Rivas et al.12 on the conservative 
management of indeterminate lesions.

The integration of clinical follow-up with 
radiological and histopathological findings 
is one of the important methodological 
differences in our study. Unlike the studies 
mentioned above, determining cs-PCa diag-
nosis-free survival based solely on mp-MRI 
or biopsy results does not fully reflect clini-
cal practice, as only some patients undergo 
mp-MRI or biopsy (unless indicated). A sig-
nificant portion of patients is only clinically 
monitored with PSA follow-up and DRE, if 
necessary. Therefore, it can be assumed that 
patients are cs-PCa diagnosis-free as long 
as there is clinical stability, no significant in-
crease in follow-up PSA values, no suspicious 
DRE findings, and no indication for perform-
ing a biopsy or mp-MRI. The necessity of this 
approach was also emphasized in Venderink 
et al.’s9 study on cs-PCa diagnosis-free sur-
vival of PI-RADS 1–2 cases, suggesting that 
future studies should focus on longer fol-
low-up periods using a systematic design 
that includes PSA monitoring and follow-up 
mp-MRI. However, this integration of clini-

Figure 4. (a) Unfavorable prostate cancer (PCa) percentages in Prostate Imaging Reporting and Data System 
(PI-RADS) 1–2, 3, 4, and 5 groups were 46%, 40%, 58%, and 88%, respectively. The PI-RADS 1–2 and 3 groups 
exhibited similar prognostic distribution regarding unfavorable PCa (P = 0.55). However, comparing PI-RADS 
≤3, 4, and 5 subgroups revealed statistically significant differences concerning unfavorable PCa rates, which 
were positively correlated with the initial PI-RADS category (P < 0.001). (b, c) In subgroup analyses, the PI-
RADS 3 group was evaluated in terms of magnetic resonance imaging-defined prostate-specific antigen 
density (mPSAD) range (b) and prior biopsy status (c) for prognostic assessment. The rate of unfavorable 
PCa was 28% in the low mPSAD (<0.15 ng/mL2) subgroup and increased to 60% in the high mPSAD (≥0.15 
ng/mL2) subgroup (P = 0.005). Conversely, prior biopsy status had no statistically significant impact on 
prognostic distribution (P = 1).

Very low-risk, low-risk, and intermediate risk-favorable PCa cases according to National Comprehensive Cancer Network (NCCN) 
classification were accepted as favorable PCa. Intermediate risk-unfavorable, high-risk, and very high-risk PCa cases according to 
NCCN classification were accepted as unfavorable PCa. 
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cal follow-up also includes some inevitable 
uncertainties. The variability of PSA values 
during follow-up, the subjectivity of DRE, 
and the lack of standardization for PSA mon-
itoring make this integration methodolog-
ically challenging. Nevertheless, different 
opinions have been reported in the literature 
about at what point the suspicion of malig-
nancy arises and which PSA kinetics should 
be used in PSA follow-up, reflecting differ-
ences in practice between clinical centers. 
When establishing the criteria for clinical 
follow-up stability in our study, we consid-
ered the urology literature on PSAV, active 
surveillance recommendations, and our own 
clinical experience.

In the 1990s, Carter et al.8 proposed a 
PSAV cut-off value of 0.75 ng/mL/year to 
distinguish cases with and without PCa. It 
was stated that at least three consecutive 
PSA values covering a long-term follow-up 
period were necessary for accurate measure-
ment.8 Conversely, Venderink et al.9 reported 
that cases with a PSA increase of more than 
25% during follow-up were referred for fur-
ther evaluation (mp-MRI or biopsy) in their 
institution. Regarding active surveillance 
recommendations, Hefermehl et al.13 and 
Hagmann et al.14 accepted a threshold value 
of 0.5 ng/mL/year for repeat biopsy during 
clinical follow-up. In comparison, Nelson et 
al.15 reported an optimal cut-off value of 1.18 
ng/mL/year for clinical progression in the 
non-Hispanic white population under active 
surveillance. Another source states that cas-
es with a PSA doubling time of fewer than 36 
months require further evaluation with mp-
MRI or biopsy during active surveillance.16 
We considered patients with PSA levels 
within the age-based normal range or with 
a PSAV below 0.75 ng/mL/year as clinically 
stable, as long as there were no suspicious 
DRE findings. Considering that the majority 
of our cases had PSA values greater than 3 
ng/mL, it is mathematically evident that our 
PSA monitoring criteria were more stringent 
compared to the 25% PSA increase criteri-
on mentioned by Venderink et al.9 and the 
above-mentioned PSA doubling time crite-
rion recommended for active surveillance.16 
Therefore, the cut-off value we determined 
appears safer than the aforementioned ap-
proaches, except for Hefermehl et al.13 and 
Hagmann et al.14 thresholds. In clinical fol-
low-up evaluation, we sought the presence 
of at least a 1-year follow-up and at least 
three PSA measurements to overcome PSA 
variations that could occur within short time 
intervals.8 If the censoring was based solely 
on clinical monitoring, the follow-up was 

ended in the presence of procedures such 
as transurethral resection of the prostate or 
open prostatectomy, which can significantly 
lower the PSA level and make it challenging 
to evaluate clinical stability. Furthermore, in 
our study, for clinical follow-up to be con-
sidered stable in the absence of biopsy or 
mp-MRI, the final PSA value was required to 
not exceed 20 ng/mL. We based this criterion 
on a study conducted by Agnihotri et al.17, 
which indicated a high probability of malig-
nancy (above 60%) in cases with PSA values 
greater than 20 ng/mL, even in the absence 
of suspicious DRE findings.

The additive impact of mPSAD and PI-
RADS category on cs-PCa prediction has 
been emphasized in several studies.18,19 
Frisbie et al.20 underlined that these two 
variables complemented one another in 
stratifying the risk of cs-PCa. Wang et al.21, in 
their study evaluating risk factors associat-
ed with progression in patients undergoing 
active surveillance for PCa, found that both 
PI-RADS category and PSAD were significant 
factors in both univariable and multivariable 
analyses. Ma et al.22 included age as a vari-
able in their predictive model for cs-PCa, in 
addition to the PI-RADS category and PSAD, 
and achieved an AUC of 0.914 after external 
validation. Patel et al.23 emphasized the im-
portance of prior biopsy status and reported 
that the percentages of PCa and cs-PCa in bi-
opsy-naïve cases were approximately twice 
as high as those in cases with prior negative 
biopsies. In the same study, after multivari-
able analyses, age, PSA, PSAD, prostate vol-
ume, and PI-RADS 4–5 categories were also 
found to be significantly associated with 
cs-PCa. Unlike our study, this study found 
no statistically significant increase in cs-PCa 
risk for the PI-RADS 3 group (compared to PI-
RADS 1–2 as a reference).23

High cs-PCa diagnosis-free survival in our 
PI-RADS 1–2 cohort was similar to the results 
reported in the studies by Panebianco et al.24 
and Venderink et al.9, supporting the low like-
lihood of detecting cs-PCa during follow-up. 
In their survival analysis on PI-RADS 1–2 cas-
es, Panebianco et al.24 found that a 4-year 
cs-PCa diagnosis-free survival probability 
was 95% in the biopsy-naïve group and 96% 
in patients with prior negative biopsies. In 
Panebianco et al.’s24 work, PSA was also found 
to be associated with cs-PCa, in addition to 
PSAD. Venderink et al.9 performed survival 
analysis on 361 PI-RADS 1–2 cases who had 
a subsequent histopathological examination 
or follow-up mp-MRI. According to the study 
results, the 3- and 6-year cs-PCa diagno-
sis-free survival probabilities in patients with 

an initial mp-MRI result of PI-RADS 1-2 were 
99.6% and 94.1%, respectively.9 In contrast to 
our findings, Venderink’s et al.9 study found 
a significant association between patients’ 
age and the likelihood of cs-PCa diagnosis, 
while no significant association was found 
between PSA level, PSAD, or prior biopsy sta-
tus and the probability of cs-PCa.

Our findings indicate that the probabili-
ty of cs-PCa development during long-term 
follow-up in the PI-RADS 3 cohort was ap-
proximately 10%. Therefore, the conserva-
tive follow-up approach recommended in 
the literature, comprising PSA monitoring 
and/or follow-up mp-MRI, may be a reason-
able option for managing PI-RADS 3 cases. 
van der Sar et al.11 proposed a surveillance 
strategy for radiologically indeterminate 
cases, comprising PSA monitoring, if neces-
sary, followed by mp-MRI and, if necessary, 
delayed biopsy. The majority of patients 
(57%) preferred this approach over immedi-
ate biopsy. No difference in PCa risk profiles 
was observed between the two approaches. 
Moreover, a significant portion of PI-RADS 
3 cases (39%), where patients selected the 
conservative pathway, were followed clini-
cally with PSA monitoring only, without the 
need for follow-up mp-MRI or biopsy, there-
by avoiding the risks and costs associated 
with unnecessary procedures. Rivas et al.12 
similarly stated that surveillance without bi-
opsy may be a viable alternative approach 
for radiologically indeterminate lesions. 
Hauth et al.10, in their prospective study, re-
ported that only 4% of patients with PI-RADS 
3 lesions on initial mp-MRI developed cs-PCa 
during follow-up. In Hauth’s et al.10 work, a 
follow-up mp-MRI one year later was recom-
mended for PI-RADS 3 cases to exclude the 
possibility of high-grade cancer develop-
ment, and the majority of PI-RADS 3 lesions 
remained stable or decreased in size during 
follow-up imaging. Similarly, Steinkohl et al.25 
suggested that the ideal timing for follow-up 
mp-MRI in PI-RADS 3 cases was approximate-
ly 12.4 months after the initial examination. 
Another study on the follow-up of PI-RADS 3 
cases indicated that mp-MRI performed 12–
24 months later could eliminate the need for 
biopsy. The same study emphasized the low 
percentage of cs-PCa in the PI-RADS 3 group 
(4%) and stated that a PI-RADS upgrade was 
observed on the pre-biopsy follow-up mp-
MRIs in cases eventually diagnosed with cs-
PCa.26 For the PI-RADS 3 cohort, we found 
that a low mPSAD and the presence of a prior 
negative biopsy were two protective factors 
against the development of cs-PCa, based on 
both univariable and multivariable analyses. 
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These findings demonstrate that conserva-
tive follow-up can be even more reliable in 
these specific subgroups of PI-RADS 3 cases.

According to 1-year follow-up results, cs-
PCa detection in approximately 43% of the 
PI-RADS 4 cohort and 76% of the PI-RADS 5 
cohort reflected the positive predictive value 
of PI-RADS category aligning with reported 
cs-PCa detection rates in the literature [59% 
(39%–78%) and 85% (73%–94%) for PI-RADS 
4 and 5 cases, respectively] and emphasized 
the necessity of a biopsy.27 The literature rec-
ommends an immediate biopsy for PI-RADS 
4–5 cases, and even if the initial biopsy is 
negative, the need for re-biopsy or follow-up 
mp-MRI is underscored.10 Meng et al.28 dis-
cussed the follow-up of patients initially cat-
egorized as PI-RADS 4–5 with a subsequent 
nonmalignant targeted biopsy. In follow-up 
mp-MRIs, a PI-RADS category downgrade 
was observed in 73% of cases, while PI-RADS 
4–5 lesions persisted in 27%. Among cas-
es that were downgraded to PI-RADS 2–3, 
malignancy was observed in 23%, whereas 
62.5% of cases with persistent lesions were 
diagnosed with cancer.28 Similarly, Barletta et 
al. emphasized the high positive predictive 
value of follow-up mp-MRI and its strong 
association with the presence of cs-PCa.29 
These studies showed that radiological fol-
low-up could be effective in the diagnostic 
management of PI-RADS 4–5 cases.

Due to the relatively high percentage of 
cs-PCa expected in PI-RADS 4–5 cases, there 
is a paucity of evidence and no widely accept-
ed recommendations regarding conservative 
follow-up without biopsy. However, it is well-
known that not every PI-RADS 4–5 case is 
malignant, and mimickers such as prostatitis 
can cause diagnostic confusion.30 Long-term 
follow-up findings, such as a PI-RADS cate-
gory downgrade and PSA regression, may 
help distinguish between PCa and prostati-
tis.31 Therefore, we included 11 patients who 
had an initial PI-RADS 4–5 mp-MRI but were 
managed with follow-up mp-MRI and clinical 
monitoring without undergoing biopsy due 
to patient preference. In all of these cases, 
a downgrade to PI-RADS 2–3 was observed 
on follow-up MRI [median (minimum–max-
imum) follow-up time, 12.4 (7.00–44.27) 
months]. Additionally, we included 13 cases 
with an initial PI-RADS 4 category that were 
only managed with close clinical monitoring 
(PSA and DRE), without any biopsy or fol-
low-up mp-MRI, and eventually showed PSA 
regression [median (minimum-maximum) 
follow-up time: 36.90 (18.97–50.00) months]. 
We had no patients in the PI-RADS 5 cohort 
who were managed only with clinical fol-

low-up. Our study identified advanced age, 
high mPSAD, and biopsy-naïve status as key 
risk factors that further increased the like-
lihood of cs-PCa in the PI-RADS 4–5 cohort. 
In subgroup analyses of the PI-RADS 4–5 
cohort, unlike PI-RADS ≤3 cohorts, cs-PCa 
diagnosis-free survival probabilities were not 
reliably high enough to support the conser-
vative follow-up approach.

In our study, PCa cases initially charac-
terized as PI-RADS ≥4 categories were in 
higher NCCN risk groups, indicating an in-
creased likelihood of definitive treatment 
requirement and a decreased probability of 
an active surveillance option compared to 
PCa cases with initial PI-RADS ≤3. This find-
ing highlights the prognostic value of the 
initial PI-RADS category. Numerous studies 
in the literature investigated the relationship 
between PI-RADS categories and various 
prognostic factors. Morote et al.32 demon-
strated the association between the PI-RADS 
group and PCa aggressiveness. Similar to 
our study, Morote et al.’s32 work also found 
that the PI-RADS ≥4 patient group was sig-
nificantly more associated with aggressive 
cancers compared to the PI-RADS ≤3 group. 
Alessi et al.33 reported that a low PI-RADS 
score (PI-RADS ≤3) independently exclud-
ed the presence of extraprostatic extension 
with a sensitivity of 99% and a negative pre-
dictive value of 98%, irrespective of clinical 
risk group. Pockros et al.34 showed that a 
high PI-RADS category was an independent 
risk factor for postoperative stage upgrade. 
The same study reported that lymph node 
metastasis was only observed in PI-RADS ≥4 
cases. In a recent meta-analysis by Rajwa et 
al.35, the pre-treatment PI-RADS categories of 
patients who received definitive local treat-
ment for PCa were found to be associated 
with post-treatment biochemical recurrence. 
Another study indicated that the initial PI-
RADS category was associated with distant 
metastasis in intermediate/high-risk PCa cas-
es treated with primary radiation therapy.36 
Another notable finding in our study is the 
prognostic effect of mPSAD in the PI-RADS 3 
cases. The rate of unfavorable PCa in PI-RADS 
3 cases with a high mPSAD (≥0.15 ng/mL2) 
was similar to that in PI-RADS 4 cases. This 
finding supports the approach of making a 
biopsy decision based on a PSAD threshold 
value of 0.15 ng/mL2 in PI-RADS 3 cases.37-41 
Indeed, in our study, a significant portion 
(72%) of PI-RADS 3 cases with a low mPSAD 
(<0.15 ng/mL2) were in the favorable PCa 
group, from a prognostic perspective.

The main strength of our study is the eval-
uation of histopathological, radiological, and 
clinical follow-up data from more than 1,300 

cases by a multidisciplinary team in a format 
comparable to a real-life setting.

The limitations of this study include an 
inability to establish a uniform follow-up 
protocol due to the research’s retrospective 
design, a heterogeneous dataset spanning 8 
years (including variable image acquisition 
quality on different MRI scanners, improved 
mp-MRI evaluation over time by different 
mp-MRI readers, developing MRI-TRUS fu-
sion biopsy experience, and evolving insti-
tutional experience regarding management 
strategies such as mp-MRI referral and clin-
ical follow-up), and potential selection bi-
ases that may have occurred due to high 
follow-up losses in the PI-RADS ≤3 cohorts. 
Conversely, the comparison of cases in the 
main dataset with cases that were eligible 
for survival analysis suggests similarities in 
various characteristics between the included 
and excluded cases, offering relative reas-
surance for having circumvented selection 
biases. 

Another limitation of this study is that 
the censoring criteria we defined, such as 
at least ~1 year of clinical stability, PI-RADS 
1–2 category on follow-up mp-MRI, radiolog-
ically and/or clinically stable PI-RADS 3 cas-
es during follow-up, PI-RADS downgrade to 
category 3, and even core biopsy results in-
dicating a non-neoplastic pathology or ISUP 
= 1 PCa, did not provide 100% reassurance 
for the absence of cs-PCa.42 However, since 
it is not feasible to perform whole-mount 
histopathological examinations, which are 
considered the gold standard for PCa diag-
nosis, for most patients, cases were censored 
based on current evidence and comprehen-
sive clinical judgment. In this way, we aimed 
to mirror the fundamental clinical approach 
and increase the applicability of the findings 
to daily practice.

In conclusion, PI-RADS category signifi-
cantly influences patient care and offers vi-
tal diagnostic and prognostic insights. The 
combined use of PI-RADS, particularly with 
mPSAD and other clinical variables, holds 
promise for serving as a navigational tool for 
risk stratification and patient management 
strategies. In the future, multi-center pro-
spective studies with longer follow-up peri-
ods and well-standardized follow-up proto-
cols may be able to shed more light on the 
role and importance of PI-RADS category in 
patient management.
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Supplementary Table 1. Multiparametric prostate MRI protocols of the two most commonly used devices at our center

1.5 T Philips Achieva dStream multiparametric prostate MRI protocol

Sequences and parameters T2W axial T2W coronal T2W sagittal DWI (large FOV) DWI (focus) DCE

FOV (mm x mm) 140 x 140 140 x 140 250 x 250 250 x 215 150 x 150 220 x 303

Matrix 232 x 217 232 x 208 208 x 208 84 x 69 64 x 61 128 x 178

Slice thickness (mm) 3 3 4 5 4 3

TR (ms) 6000 2900 3080 4350 5000 4.9

TE (ms) 100 100 120 85 98 2.3

Flip angle (0) 90 90 90 90 90 8

b value (s/mm2) - - - 0 and 800 0, 800, and 1500 -

Average 2 2 2 6 4 1

Number of phases - - - - - 27

3.0 T GE SIGNATM architect multiparametric prostate MRI protocol

Sequences and parameters T2W axial T2W coronal T2W sagittal DWI (large FOV) DWI (focus) DCE

FOV (mm x mm) 200 x 200 180 x 180 180 x 180 340 x 340 200 x 200 240 x 240

Matrix 452 x 318 452 x 288 452 x 288 120 x 134 92 x 46 224 x 200

Slice thickness (mm) 3 3 3 5 3 3

TR (ms) 3900 3000 3180 8500 4800 3.6

TE (ms) 140 136 136 Minimum Minimum Minimum

Flip angle (0) 165 165 165 - - 12

b value (s/mm2) - - - 50 and 800 50, 800, and 
synthetic 1400 -

Average 1 1.5 1.5 2 and 4 4 and 12 1

Number of phases - - - - - 30

During DCE examination, gadolinium-based intravenous contrast agent is administered at a concentration of 0.1-0.2 mmol/kg and with an injection rate of 2–4 mL/s. T2W, T2-
weighted, DWI, diffusion-weighted imaging, DCE, dynamic contrast-enhanced, FOV, field of view, TR, repetition time, TE, echo time.
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Supplementary Figure 1. Schematic algorithm for follow-up evaluation. ISUP, International Society of Urological Pathology; cs-PCa, clinically significant prostate 
cancer; mp-MRI, multiparametric prostate magnetic resonance imaging; PI-RADS, Prostate Imaging Reporting and Data System.
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Supplementary Figure 2. Illustrative case examples explaining follow-up evaluation. (a, b) The time-to-event was calculated considering the first detection time 
of cs-PCa (ISUP ≥2). (c) Cases without cs-PCa diagnosis during follow-up were considered cs-PCa-diagnosis-free at the points where histopathological examination 
results indicated non-neoplastic pathology or ISUP = 1 PCa, regardless of interim clinical or radiological follow-up findings. After biopsy, the final censoring time was 
determined based on additional clinical and/or radiological stability, if available. In the absence of any histopathological examination during an evaluated follow-up 
interval or in the subsequent follow-up period after a histopathological examination confirming the absence of cs-PCa, radiological stability was examined first and 
then clinical stability was considered to determine the final censoring time. (d) Cases with follow-up PI-RADS category 1–2 were considered cs-PCa diagnosis-free at 
the time of the follow-up mp-MRI, independent of previous clinical follow-up findings. After mp-MRI, the final censoring time was determined based on additional 
clinical and radiological follow-up, if available.

(e-i) The approach to cases with follow-up PI-RADS category 3 was determined based on the previous PI-RADS. (e) Cases with a PI-RADS downgrade from PI-RADS 
4–5 to PI-RADS 3 were considered cs-PCa diagnosis-free at the time of follow-up mp-MRI. The final censoring time was determined based on additional clinical 
and radiological follow-up, if available. (f) Cases with a PI-RADS upgrade from PI-RADS 1–2 to PI-RADS 3 were evaluated for the presence of at least 1-year stable 
subsequent clinical follow-up or further radiological stability to be considered as cs-PCa diagnosis-free. (g) PI-RADS 3 cases that did not meet these criteria were 
considered indeterminate at the end of follow-up. Censoring was done based on the stable clinical and/or radiological follow-up interval between the first mp-
MRI and the indeterminate follow-up interval. Cases without such a stable follow-up interval were excluded from survival analysis. (h) PI-RADS 3 cases that did not 
show any PI-RADS change and radiological progression in the follow-up mp-MRI were considered as cs-PCa-diagnosis-free at the time of follow-up mp-MRI. The 
final censoring time was determined based on additional clinical and radiological follow-up, if available. (i) Cases with progressive PI-RADS 3 lesion(s) or follow-up 
PI-RADS category of 4–5 were considered indeterminate regardless of interim clinical follow-up, unless a subsequent histopathological examination was performed. 
Censoring was done based on the stable clinical and/or radiological follow-up interval between the first mp-MRI and the indeterminate follow-up interval. (j) Cases 
without such a follow-up interval were excluded from survival analysis. (k) In the absence of histopathological or radiological examination during the evaluated 
follow-up interval or in the subsequent follow-up period after these examinations, clinical stability was evaluated to determine the final censoring time. Cases 
showing at least 1 year of clinical stability, regardless of baseline PI-RADS category, were censored as cs-PCa diagnosis-free. (l) Cases where the criteria for clinical 
stability were not met during a certain time interval were considered indeterminate. Censoring was done based on the stable clinical interval between the first mp-
MRI and the indeterminate follow-up interval. cs-PCa, clinically significant prostate cancer; ISUP, International Society of Urological Pathology; PCa, prostate cancer; 
PI-RADS, Prostate Imaging Reporting and Data System; mp-MRI, multiparametric prostate magnetic resonance imaging


