Am J Cancer Res 2024;14(1):73-85
www.ajcr.us /ISSN:2156-6976/ajcr0152428

Original Article

Nomograms for predicting clinically

significant prostate cancer in men with

PI-RADS-3 biparametric magnetic resonance imaging

Zhen Liang?", Tianrui Feng®", Yi Zhou?, Yongjiao Yang?, Yujiao Sun?, Zhien Zhou?, Weigang Yan?, Fenghong
Cao?®

1Department of Urology, Peking Union Medical College Hospital, Peking Union Medical College, Chinese Academy
of Medical Sciences, Beijing, China; 2Department of Urology, The Second Hospital of Tianjin Medical University,
Tianjin Medical University, Tianjin, China; SDepartment of Urology, North China University of Science and Technol-
ogy Affiliated Hospital, No. 73 Jianshe South Road, Tangshan, Hebei, China. "Equal contributors.

Received July 25, 2023; Accepted December 4, 2023; Epub January 15, 2024; Published January 30, 2024

Abstract: This study aimed to construct nomograms for predicting the likelihood of clinically significant prostate
cancer (csPCa) in patients with lesions rated as Prostate Imaging Reporting and Data System (PI-RADS) 3 on bi-
parametric magnetic resonance imaging (bpMRI). We retrospectively analyzed a cohort of 457 patients from the
Peking Union Medical College Hospital (January 2017-July 2021) to develop the model and externally validated it
with a cohort of 238 patients from the Second Hospital of Tianjin Medical University (September 2017-September
2021). Univariate and multivariate logistic regression analyses identified significant predictors of csPCa, defined
by tumor volumes > 0.5 cm?, Gleason score > 7, or presence of extracapsular extension. Diagnostic performance
for the peripheral zone (PZ) and transitional zone (TZ) was compared using the receiver operating characteristic
(ROC) curve and decision curve analysis (DCA). Through univariate and multivariate logistic regression analyses, we
identified age, prostate-specific antigen (PSA), and prostate volume (PV) as predictors of csPCa for the PZ, and age,
serum-free to total PSA ratio (f/t PSA), and PSA density (PSAD) for the TZ. The nomograms demonstrated robust
discriminative ability, with an area under the ROC curve (AUC) of 0.819 for PZ and 0.804 for TZ. The external valida-
tion corroborated the model’s high predictive accuracy (AUC of 0.831 for PZ and 0.773 for TZ). Calibration curves
indicated excellent agreement between predicted and observed outcomes, and DCA underscored the nomogram’s
clinical utility for both PZ and TZ. Overall, the nomograms offer high predictive accuracy for csPCa at initial biopsy,
potentially reducing unnecessary biopsies in clinical settings.
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Introduction improving overall survival [5]. Multiparametric

magnetic resonance imaging (mpMRI), compris-

Prostate cancer (PCa) is one of the most com-
mon malignancies in men globally and its inci-
dence is expected to increase in the coming
decades [1, 2]. The serum prostate-specific
antigen (PSA) test is widely applied both in
detection and monitoring for PCa. However,
multiple previous studies indicate limited can-
cer detection rates of 11.8-20.5% for PSA lev-
els of 4-10 ng/mL, and 20.5-25.0% for 10-20
ng/mL [3, 4]. The low specificity of PSA levels
and detection of clinically insignificant PCa
(insPCa) has been noted, resulting in overdiag-
nosis and subsequent overtreatment without

ing T2-weighted imaging (T2WI), Diffusion-
weighted imaging (DWI), and Dynamic Contrast
Enhancement (DCE), has emerged as a valu-
able tool in prostate biopsy decision-making
[6]. Generally, DCE is especially applied to
upgrade Prostate Imaging Reporting and Data
System (PI-RADS) 3 lesions located in the
peripheral zone (PZ) to PI-RADS 4 if DCE
enhancement is positive. Although DCE could
be helpful in particular cases, its requirement
for intravenous gadolinium as contrast media
leads to an increased risk of gadolinium accu-
mulation in numerous organs including the
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brain, renal glomeruli, and bones with possible
clinical sequelae [7, 8]. Biparametric MRI
(bpMRI), which consists of T2WI and DWI, is
increasingly being applied for the detection
and characterization of PCa [9]. Compared with
mpMRI, bpMRI is quicker (~15 minutes) and
simpler, while sufficiently retaining the diag-
nostic accuracy [10]. However, the exclusion of
DCE in mpMRI may increase PI-RADS 3 scored
lesions due to the role of DCE in the diagnosis
of PI-RADS 3 lesions, though previous studies
have reported that the positive rate of clinically
significant prostate cancer (csPCa) in PI-RADS
3 lesions is not high [11]. Therefore, what is the
best method for patients with a PI-RADS 3 to
avoid unnecessary prostate biopsies without
compromising the detection of csPCa remains
controversial.

This study aims to develop nomograms based
on bpMRI for predicting initial prostate biopsy
outcomes in patients with PI-RADS 3 lesions,
potentially replacing DCE in the PI-RADS scor-
ing system. Given that DCE is a secondary
sequence in PI-RADSv2.1, mainly for character-
izing PZ lesions [12], we developed separate
nomograms for the PZ and transition zone (TZ).
These predictive nomograms could assist urol-
ogists in determining the necessity of biopsies
for patients with indeterminate bpMRI results.
Multiple predictive models based on bpMRI
findings and clinical parameters for csPC risk
assessment have recently been reported [9,
13, 14], nevertheless, there is still scope for
improvement. Considering that most of predic-
tion models have not been applied clinically, we
performed our research under the guidance of
TRIPOD (transparent reporting of multivariate
prediction models for individual prognosis or
diagnosis) for multivariate prediction models
(http://www.tripod-statement.org) [15].

Materials and method
Patient selection

The training cohort was consecutively selected
from patients who underwent initial cognitive
MRI targeted biopsy combined with transrectal
ultrasound-guided (TRUS) transperineal sys-
tematic prostate biopsy in the urology depart-
ment of Peking Union Medical College Hospital
from January 2017 to July 2021. The prostate
biopsy was performed through an automatic
biopsy gun with an 18-gauge needle under
TRUS guidance. Patients were placed in the
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lithotomy position. The surgeon reviewed the
MRI images and the report before the biopsy.
Systematic biopsy was performed following the
Ginsburg protocol with at least 12 cores [17].
Additional two or three targeted biopsies were
acquired from suspected areas detected on
MRI. Index lesions were used to represent
the malignancy of the tumor for the final analy-
ses and defined as the largest or the highest
Gleason score tumor-bearing lesion. The
Gleason score was determined on biopsies
specimen by pathologists specialized in urology
and the csPCa was defined as PCa with tumor
volumes > 0.5 cm? or Gleason score > 7 or
extracapsular extension [18].

Biopsy indications included: (1) total serum
PSA > 10.0 ng/ml; (2) total serum PSA be-
tween 4.0 and 10.0 ng/ml with a free to total
PSA ratio (f/t PSA) < 0.16 or a PSA density
(PSAD) > 0.15; (3) abnormal digital rectal exam-
ination (DRE); and (4) suspicious findings on
TRUS or mpMRI. A set of exclusion criteria was
formulated for screening the eligible patients in
both centers. (1) Only the prostate naive biopsy
was considered in this study. (2) The enrolled
cases must have complete baseline clinico-
pathologic information; patients with any miss-
ing value were discarded. (3) Patients with a
history of other malignancies or a family history
of PCa were excluded. (4) Patients with extreme
total serum PSA values (PSA > 20 ng/ml or PSA
< 4 ng/ml) were eliminated because in the ini-
tial biopsy setting, when PSA > 20 ng/mL, the
role of nomogram is less useful since patients
should be submitted to a biopsy regardless of
other parameters.

To conduct TRIPOD validation, it is necessary
to externally validate data from different loca-
tions or times. For this purpose, an external
validation cohort was recruited from the uro-
logy department, Second Hospital of Tianjin
Medical University from September 2017 to
September 2021. The inclusion and exclusion
criteria of the validation cohort were consistent
with the training cohort. The patient selection
flow chart is demonstrated in Figure 1. Written
informed consent was obtained from all partici-
pants in terms of the storage of their informa-
tion for research.

Data extraction

All data were analyzed anonymously during
the process. This retrospective study was
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Patients underwent prostate biopsy in Peking Union Medical
College Hospital (n=2655)

Patients underwent prostate biopsy in Second Hospital ofTianjin
Medical University (n=1794)

Patients with a history of
other malignancies or
a family history of PCa
were excluded (n=275)

Incomplete data:
Without MRI imaging(=984)
Without PSA-
related index (n=100)

PI-RADS
score is not 3 <
(n=8i2)

PSA<4 (n=15)
PSA>20 (n=12)

Patients with a history of
other malignancies or

a family history of PCa

were excluded (n=183)

Incomplete data: Without MRI
imaging (n=505)
Without PSA-
related index (n=138)

PI-RADS
> score is not 3
(n=711)

PSA<4 (n=10)
PSA>20 (n=9)

Study population (n=457)

Study population (n=238)

Figure 1. Patient selection flow chart.

performed in compliance with the guidance of
the Declaration of Helsinki. Serum PSA and f/t
PSA levels were obtained pre-biopsy along with
DRE. Prostate volume (PV) was calculated as
anteroposterior diameter x vertical diameter x
transverse diameter x 0.52 according to MRI.
PSAD was calculated by dividing the PSA by the
PV. Since PSAD was made up of PSA and PV,
PSAD cannot be analyzed together with the
combination of PSA and PV for multivariate
logistic regression analyses, thus warranting
separate analyses and the more significant one
was chosen.

The Institutional Review Boards of both Peking
Union Medical College and Tianjin Medical
University approved the study.
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Outcome measures

Two genitourinary radiologists, each with over
five years of specialization, independently
reported all MRI readings, blind to clinical data,
diagnosis, and pathology (Z.Y. and Z.Z.). The
radiologists read the images twice following
the PI-RADS v2.1 in two different sessions.
During the first reading session, the radiolo-
gists read mpMRI (T2WI, DWI, ADC map, and
DCE imaging) to determine the PI-RADS cate-
gories. After initial readings and a four-week
interval, the same radiologists reassessed
each image using bpMRI comprising T2WI in
three planes and DWI to determine the PI-
RADS categories derived from the index le-
sion according to a modified PI-RADS v2.1

Am J Cancer Res 2024;14(1):73-85
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(Supplementary Table 1). The inter-reader
agreement was assessed through Cohen’s

kappa analysis. The kappa (k) value was inter-
preted as suggested: Kk < 0.20 (poor agree-
ment), k=0.21-0.40 (fair agreement), 0.41-0.60
(moderate agreement), 0.61-0.80 (high agree-
ment), and 0.81-1.00 (very high agreement)
[16]. Disagreements were resolved through
consultation with a senior genitourinary radiol-
ogist with more than 20 years of experience
(Y.W.). The detailed MRI acquisition parameters
are displayed in Supplementary Table 2. ADC
maps were automatically generated through
voxelwise calculation. The targeted lesions
were marked on T2WI for the following cogni-
tive biopsy. According to MRI results, the pros-
tate was divided into four parts: left PZ, left TZ,
right PZ and, right TZ. Lesions spanning two
adjacent regions were considered a single
lesion for the purposes of this study.

Statistical methods

We characterized the distribution of baseline
patient demographics and clinical variables
using the median and interquartile range (IQR),
appropriate for skewed data distributions.
CsPCa detection rates of PZ and TZ were com-
pared using the chi-square test. Univariate
regression analysis was initially used among
age, PSA, f/t PSA, PSAD, PV, DRE, lesion size
and quantity based on bpMRI to evaluate the
difference between the csPCa group and insP-
Ca group, and identified significant risk factors
for the subsequent multivariate logistic regres-
sion analysis, upon which a predictive homo-
gram would be established. The performance
of the nomogram was quantified using odds
ratios (ORs), 95% confidence intervals (Cls),
and p-values, with the area under the curve
(AUC) assessing discrimination capability.

Model reliability was enhanced through boot-
strap resampling (1000 replicates) to calculate
95% Cls for the nomogram’s predicted proba-
bilities. All analyses were conducted using R
software version 4.1.2 (The R Foundation), with
a significance threshold set at P < 0.05. Key
packages implemented included ‘survival’ (3.5-
5), ‘rms’ (6.7-0), and ‘timeROC’ (0.4) (http://
www.r-project.org/). The clinical utility of the
nomogram was further evaluated using deci-
sion curve analysis (DCA) [19], and the Hosmer-
Lemeshow test alongside calibration plots were
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used to assess the concordance between pre-
dicted and actual outcomes.

External validation of the nomogram encom-
passed analyses of discrimination, calibration,
and DCA. Receiver operating characteristic
(ROC) curves were generated, and the DeLong
test was utilized to compare AUC values bet-
ween the training and validation cohorts, ascer-
taining the model’s discriminative capacity and
potential overfitting. Calibration curves plotted
predicted versus observed probabilities to
appraise predictive accuracy, with an ideal
model demonstrating a calibration curve that
closely approximates the 45-degree line, denot-
ing perfect prediction. DCA was applied to eval-
uate the net benefit of the developed models.

Results
Patient characteristics

Table 1 presents the clinical and pathological
characteristics of 457 patients comprising our
training cohort. Of these, 258 (56.4%) had a
negative biopsy, and 199 (43.6%) were diag-
nosed with PCa, with 140 (70.4%) classified as
csPCa and 59 (29.6%) as indolent PCa. Despite
the presence of DCE positive findings in 156
patients, the csPCa rates did not significantly
differ between DCE-negative (29.5%) and DCE-
positive (32.6%) patients (P=0.521). A shift
from PI-RADS 3 to PI-RADS 4 was observed in
97 patients with PZ lesions due to positive DCE,
of whom 21 were diagnosed with csPCa. The
nomogram, alongside bpMRI, recommended
biopsies for 20 of these patients due to a high
csPCa probability. The inter-reader reliability for
PI-RADS scoring between two radiologists was
in “very high agreement” level (kappa: 0.83,
95% CI: 0.75-0.92, P=0.002). The median age
of the study participants was 65 years (IQR,
61-71), with a median serum PSA level of 7.64
ng/mL (IQR, 5.72-10.64) and a median PV level
of 45 mL (IQR, 34-60). The median values of
PSAD and f/t PSA were 0.173 ng/mL (IQR,
0.088-0.254) and 0.154 (IQR, 0.078-0.134),
respectively. A total of 457 PI-RADS 3 index
lesions were detected according to bpMRI.
Based on our results, PI-RADS 3 index lesions
were more frequently located in the TZ (n=245)
than in the PZ (n=212), yet the csPCa detection
rate was significantly higher in the PZ (45.2%,
96/212) compared to the TZ (17.9%, 44/245)
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Table 1. Baseline characteristics of included patients for internal validation

insPCa

Variables - csPCa P
Non-PCa indolent PCa

Patients n 258 59 140

Age (median) 64 (60-70) 65 (62-72) 70 (65-76) <0.001

PSA (median) 6.52 (5.55-10.35) 7.10 (5.90-11.1) 11.83 (8.00-22.70) <0.001

f/tPSA (median) 0.151 (0.144-0.212)  0.133 (0.090-0.199) 0.114 (0.083-0.160) 0.035

PV (median) 45 (35-60) 35 (30-50) 35 (30-45) <0.001

PSAD (median) 0.149 (0.100-0.247)  0.202 (0.150-0.286) 0.342 (0.218-0.633) 0.003

T stage <0.001
T2a 31 (52.2%) 53 (38.2%) <0.001
T2b 3 (5.1%) 22 (15.8%) <0.001
T2¢ 25 (42.7%) 65 (46.4%) <0.001

Percentage cores positive 7.20% (547/7592) 6.11% (464/7592)

Lesion size (median, mm) 7.5 (6-11) 7 (5-11) 0.417

Lesion quantity (average) 1.12 1.26 0.518

Table 2. Multivariate regression for the detec-
tion of clinically significant cancer on initial
prostate biopsy

Multivariable model

Variables -
Adjusted OR (95% ClI) B P

age 1.093[1.060-1.127] 0.089 < 0.001
PSA 1.086 [1.042-1.132] 0.083 < 0.001
f/t PSA 2.106 [1.225-3.622] 0.745 0.007
PSAD 3.784 [2.041-7.015] 1.331 <0.001
PV 0.962 [0.947-0.977] -0.039 <0.001
DRE 1.389 [0.675-2.856] 0.328 0.372

(P < 0.001). The median lesion size was 7.5 mm
(IQR, 6-11) in the csPCa group versus 7 mm
(IQR, 5-11) in the indolent PCa group with lesion
quantities averaging 1.26 and 1.12, respec-
tively. Univariate regression analysis identifi-
ed age, PSA, f/t PSA, PSAD, DRE, and PV as sig-
nificant csPCa predictors (P < 0.05, Table 1).
Multivariate logistic regression analysis high-
lighted age (OR=1.093, [95% CI: 1.060-1.127],
P < 0.001), PSA (OR=1.086, [95% CI: 1.042-
1.132], P < 0.001), f/t PSA (OR=2.106, [95%
Cl: 1.225-3.622], P=0.007), PV (OR=0.962,
[95% CI: 0.947-0.977], P < 0.001), PSAD
(OR=3.784, [95% CI: 2.041-7.015], P < 0.001)
were the risk factors of csPCa. In contrast, the
variable DRE did not show a statistically signifi-
cant difference (OR=1.389, [95% CI: 0.675-
2.856], P=0.372) (Table 2).

Nomogram for PZ

As for the PZ patient group, detection rates for
PCa and csPCa were 58.4% and 44.8%, respec-
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tively. Univariate logistic regression identified
age, PSA, PV, and PSAD as significant predic-
tors for csPCa. The Multivariate analysis
also underscored the significance of age
(OR=1.100, [95% CI: 1.050-1.153], P < 0.001),
PSA (OR=1.113, [95% CI: 1.020-1.215], P=
0.016), and PV (OR=0.951, [95% CI: 0.925-
0.977], P < 0.001) as risk factors for the diag-
nosis of csPCa on initial biopsy. A nomogram
incorporating each of these clinical variables is
shown in Figure 2A. The ROC was then gener-
ated, and the AUC value of the model was
0.819 (95% CI: 0.769-0.868) (Figure 3). The
calibration plot shown in Figure 4 demonstrat-
ed high degree of agreements with clinical find-
ing. DCA also showed that the prediction model
achieved an optimal overall net benefit. Within
the threshold risk range of 10% to 75%, inter-
vention decisions based on the predictive
model are beneficial (Figure 5).

Nomogram for TZ

Among the 245 TZ patients, 30.6% (75/245)
were diagnosed with PCa, while only 18.4%
(45/245) were diagnosed with csPCa. Sig-
nificant predictors of csPCa included age, f/t
PSA, PV, and PSAD. Multivariate analysis re-
vealed that age (OR=1.075, [95% CI: 1.025-
1.120], P=0.003), f/t PSA (OR=0.002, [95% CI:
0.000-0.532], P=0.029), PSAD (OR=0.956,
[95% Cl: 0.927-0.958], P=0.003) were notable
risk factors of csPCa (P < 0.05). A nomogram
was generated in line with the final logistic
regression model to assess the risk of being
diagnosed with csPCa outcome with an AUC of
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Figure 2. Nomogram to predict the probability of clinically significant prostate cancer. A. Nomogram to predict the probability of clinically significant prostate cancer
peripheral zone group. B. Nomogram to predict the probability of clinically significant prostate cancer transitional zone group.
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Figure 3. The area under the receiver operating characteristic curve of the
prediction model for peripheral zone and transitional zone group.

o ]
—
«© _|
o

=

o «©

s O

[]

|

D

o .

8 o

et . g

2 ) Bias-correct for transitional zone]
o~ / MNomogram for transitional zone
o 77 Bias-correct for peripheral zone

7’:{: . Nomogram for peripheral zone

o | .4 Ideal
o - sl

1 | | 1 I |
0.0 0.2 04 0.6 0.8 1.0

Figure 4. The calibration curve of the nomograms for peripheral zone and
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External validation of a nomo-
gram

External validation was con-
ducted on an independent
cohort of 238 patients, with
72 cases of csPCa identified.
Supplementary Table 3 de-
monstrates the baseline cha-
racteristics of the external
cohort. No significant differ-
ence was detected between
the external validation group
and the training group (Su-
pplementary Table 4). In exter-
nal validation, the AUCs for
PZ and TZ were 0.831 (95%
Cl: 0.747-0.914) and 0.773
(95% CI: 0.725-0.882), res-
pectively, demonstrating con-
sistency after 1000 bootstr-
ap resamples (Figure 6). The
DelLong test confirmed no
significant AUC differences
between training and valida-
tion nomograms (P=0.987 for
Pz, P=0.889 for TZ). The
Hosmer-Lemeshow test p-val-
ue indicated a proper fit for
both PZ (x>=6.30, P=0.608)
and TZ (x?=4.28, P=0.830).
According to the DCA, the
nomograms also showed high
clinical applicability in the
external cohort (the maximum
threshold probability was 0.50
in the PZ group and 0.63 in
the TZ group) (Figure 7).

In the ROC analysis, the AUC
for each single variable was
0.667 (age), 0.681 (PSA),
0.664 (f/t PSA), 0.681 (PSAD),
0.693 (PV) and 0.642 (DRE)
(Figure 8). The results indi-
cated that the combined
nomograms significantly out-
perform each variable alone,

0.804 (95% CI: 0.726-0.881) (Figures 2B, 3). with AUCs of 0.819 for PZ and 0.804 for TZ,
Calibration plot of predicted probability of both P < 0.001. Compared with performing
csPCa is shown in Figure 4 and elucidated biopsy for patients with PI-RADS 3 lesions
excellent predictive accuracy. DCA also showed based on traditional mpMRI with DCE, utilizing
superior benefit across most threshold ranges our nomograms could increase the csPCa
(15%-80%) (Figure 5). detection rate from 42.4% to 53.6% for PZ and
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more centers with larger sam-

MNomogram for TZ

ples [26]. The bpMRI-based
nomograms developed by Lee
et al. achieved a 92% diagnos-
tic rate for csPCa, but nearly

20% of these patients under-
went repeat biopsies, which
may lead to a misestimate of
the diagnostic accuracy of the
model [27]. According to our
results, the final nomograms
achieved an AUC of 0.819 for
PZ and 0.804 for TZ, which
can be translated into a prac-
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ticable predictive model with
eligible calibration. In addi-
tion, our study also demon-
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Figure 5. Decision curve for predicting clinically significant prostate cancer

for peripheral zone and transitional zone group.

17.0% to 25.3% for TZ, while reducing unneces-
sary biopsies by 27.3% for PZ and 51.2% for TZ,
with minimal missed csPCa cases (9.3% for PZ
and 7.4% for TZ).

Discussion

Currently, mpMRI has undoubtedly gained
momentum as a diagnostic tool to detect PCa
and is currently considered as the optimal
imaging diagnostic tool for evaluating primary
PCa. In biopsy-naive men, a crucial goal is mini-
mizing overdiagnosis while ensuring csPCa is
detected. Current strategies for PI-RADS 1, 2,
4, and 5 lesions are well-established in previ-
ous research; however, the management of
PI-RADS 3 lesions remains debatable [20].
Therefore, identifying and standardizing the
most effective clinical data for these lesions is
a pressing need. Recent studies have devel-
oped several nomograms based on bpMRI or
mpMRI and demonstrated similar results with
AUC ranged from 0.81-0.93 [21-25]. Niu et al.
developed a prediction model based on bpMRI
incorporating age and PSAD, and this model
showed 87.3% sensitivity and 78.4% specificity
for diagnosing csPCa but lacks external valida-
tion and requires to be tested and verified in

80

| strates that PI-RADS 3 lesions
10 are more prevalent in the TZ
’ than in the PZ, and the detec-
tion rate of csPCa is signifi-
cantly lower in TZ than in PZ.
Given that the lesions in differ-
ent zones has significantly dif-
ferent csPCa detection rates,
we analyzed and eventually
explored nomograms with bpMRI and clinical
information for the prediction of csPCa accord-
ing to the different prostate zones; among the
21 csPCa patients with DCE-upgraded category
3 lesions, 20 of them could be perfectly identi-
fied by our nomograms. Our model was addi-
tionally tested on a significantly different exter-
nal test cohort and retained an AUC of 0.831
for PZ and 0.773 for TZ with high accuracy and
calibration agreement. The majority of the pre-
vious demonstrated studies lacked external
validation with limited sample sizes whereas in
the present study, external validation was used
to make our model more convincing.

Under the PI-RADS v2.1 guidelines, DCE
sequences play a critical role in staging PCa,
particularly in grading PI-RADS 3 lesions within
the PZ. The application of DCE as an integral
part of mpMRI in addition to T2WI and DWI has
been discussed controversially in recent litera-
ture [28]. Scialpi et al. highlighted that the DCE
application could significantly improve the
detection of small lesions (< 7 mm), which
would probably be ignored with bpMRI alone
[29]. Without DCE imaging, this is particularly
true for subtle tumors in the PZ, where their
small size, poor contrast, proximity to benign
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gram for the peripheral zone. B. Decision curve analysis of the nomogram for the transitional zone.

tissue, or challenging location within the pros-
tate, can lead to missed diagnoses using only
T2WI and DWI. According to Wei et al., the inter-
reader agreement through the PI-RADS v2.1
protocol was substantial (kappa value of
0.648) for TZ lesions [23]. Greer et al. indicated
that PI-RADS category 3 lesions at DWI with
positive at DCE in the PZ demonstrated a high-
er probability of cancer than DCE-negative
PI-RADS category 3 lesions (67.8% vs. 40.0%,
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P=0.02) [30]. According to a literature review by
Geer et al., covering 2014-2017, the prevalence
of clinically csPCa in PI-RADS 3 patients was
approximately 21% (4-27%) based on index
lesions [31].

To sum up, our study introduces novel nomo-
grams that may partially substitute the DCE
sequence. To the best of our knowledge, this is
the first study that demonstrated the potential
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utility of nomograms with analysis of bpMRI for
identification of csPCa in PI-RADS 3 patients
with PSA lelvels of 4-20 ng/mL. Distinguishing
our approach, we focus more on the indetermi-
nate probability of malignancy zone, which
could significantly strengthen the applicability
and benefits of the model in clinical practices.
Multiple previous studies have demonstrated
that PSAD plays a positive role in the combined
diagnosis of PCa or csPCa [32, 33]. Consider-
ing the total level of PSA and PV, PSAD is more
individualized significance than total PSA, as
previously proved in the literature. Our study
also confirms PSAD’s added value in diagnos-
ing csPCa in the TZ. In addition, it is commonly
accepted that benign prostatic hyperplasia
(BPH) lesions are mostly located in the TZ while
PCa usually occurs in the PZ of the prostate.
The fPSA is the fraction of tPSA that does not
bind in serum, its concentration is lower in
malignancy patients than in BPH patients, thus
f/t PSA is more valuable for clinical application
when a lesion located at TZ [34]. In our study,
f/t PSA was included in the nomogram for PZ
as a significant variable for the prediction of
csPCa, which met the results of the former
study [35].

Our study has several limitations that need to
be reported. First, although we performed a set
of inclusive and exclusive criteria during the
data collection, bias could not be completely
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by a large-scale prospective
multicenter study. Second,
PI-RADS 3 datasets were too
small and imbalanced to gen-
eralize results. In addition, the
standard of reference was
achieved by cognitive fusion biopsy, as per the
description. For the majority of cases, fusion
biopsy sufficient, however, for large prostate
with a PI-RADS 3 lesions in the middle of the
TZ, cognitive fusion biopsy may be challenging.
A larger and more balanced study group is
needed to build more promising prediction
models. Third, we also noticed that other
advanced imaging modalities available - such
as 68Ga prostate-specific membrane antigen
scanning and 18-F fluorocyclobutane-1-carbox-
ylic acid PET/CT [36, 37] were not incorporat-
ed in the present study. Updating available
models (for example: the ERSPC calculator) or
building new multivariable predictors to include
novel indicators such as PCA3 could provide
further benefit [38, 39]. Moreover, in the future,
our team will continue our research to provide
new methods for nomograms incorporating
bpMRI characteristics such as MRI radiomics
for csPCa diagnosis.

Conclusion

In this study, we have successfully established
and validated nomograms for predicting the
probability of csPCa in initial prostate biopsy
based on six easily obtained factors, including
age, PSA, DRE, f/t PSA, PV, and PSAD. These
factors are novel risk calculators for patients
with an indeterminate probability of malignancy
according to bpMRI and a total PSA between
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4-20 ng/mL. The nomograms created in this
study can be further applied to guide clinical
decision-making. Future studies should aim to
validate these nomograms through a larger
population.
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Supplementary Table 1. PI-RADS scoring criteria

Pz TZ
DWI T2WI PI-RADS T2WI DWI PI-RADS
1 any 1 1 any 1
2 any 2 2 any 2
3 any 3 3 <4 3
5 4
4 any 4 4 any 4
5 any 5 5 any 5

Supplementary Table 2. Prostate biparametric magnetic resonance imaging protocol

Parameters T2WI DWI

Sequence FRFSE SE-EPI

TR/TE (ms) 4200/90 4200/90

Flip angle (degree) 110 90

Echo train length 32 1

Field of view (mm x mm) 270 x 270 360 x 360

Matrix size 288 x 192 128 x 96

Thickness (mm) 3.0 3.0

Other b values = 0, 800, 1000, mm?/sec

T2WI, T2-weighted imaging; DWI, diffusion-weighted imaging; TR, repetition time; TE, time echo; FRFSE, fast relaxation fast
spin echo; SE-EPI, spin-echo echo planar imaging; 3D-GRE, 3D-gradient echo.

Supplementary Table 3. Baseline characteristics of included patients for external validation

. insPCa
Variables - csPCa P
Non-PCa indolent PCa

Patients n 135 31 72

Age (median) 64 (59-69) 64 (62-76) 70 (65-77) <0.001
PSA (median) 8.30 (5.98-10.77) 6.81 (5.84-10.20) 9.20 (5.98-14.65) <0.001
f/t PSA (median) 0.147 (0.104-0.208) 0.157 (0.115-0.199) 0.097 (0.073-0.175) <0.001
PV (median) 50 (35-65) 35 (26-50) 35 (30-47) <0.001
PSAD (median) 0.173 (0.103-0.248) 0.198 (0.154-0.320) 0.286 (0.180-0.404) <0.001

Supplementary Table 4. The comparison of baseline characteristics between training group and

external validation group

Training group (n=457) Validation group (n=238) P value
Age (median, IQR) 65 (61-71) 64 (59-68) 0.959
PSA (median, IQR) 8.01 (6.23-10.92) 8.35(5.98-10.77) 0.457
PSAD (median, IQR) 0.184 (0.122-0.263) 0.173 (0.103-0.248) 0.631
f/t PSA (median, IQR) 0.151 (0.104-0.234) 0.147 (0.104-0.208) 0.821
PV (median, IQR) 45 (35-60) 50 (35-65) 0.194
csPCa (n) 140 72 0.338




