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Abstract

Purpose: To develop a nomogram incorporating clinical and multiparametric magnetic resonance imaging (mpMRI) parameters for the
detection of clinically significant prostate cancer (csCaP) at radical prostatectomy (RP).

Materials and Methods: We retrospectively analyzed all consecutive patients who underwent robotic RP between 2016 and 2020. All
patients underwent a 1.5-T mp-MRI according to the PI-RADS-v2 scoring system. RP specimens were examined with the whole-mount
technique. csCaP definition: any tumor with a volume larger than 0.5 cm® or with a Gleason score >7. Univariable logistic regression mod-
els explored the association between clinical and imaging data and the risk of csCaP. Significant variables (P < 0.05) were selected into
multivariable regression models to identify independent predictors. A nomogram was designed to select the significant relevant predictors.
The nomogram was internally validated in terms of discrimination and calibration. Receiver operating characteristics of the area under the
curve was used to assess the discrimination ability of the nomogram. To assess the predictive performance of mpMRI, the accuracy of the
mpMRI-based nomogram was compared with that excluding either PI-RADS score or mpMRI IL size.

Results: The analysis involved 393 patients. The median age was 65(9) years. The median prostate specific antigen was 5.81(3.76) ng/
ml. 363 had csCaP. PI-RADS v2 score of 4-5, prostate specific antigen density of 0.15 or more, and mpMRI index lesion (IL) size were sig-
nificantly associated with csCaP in the multivariable regression analyses. Based on these variables, a diagnostic model was developed. The
full model yielded an area under the curve of 0.77 (95%CI:0.75—0.80) which was significantly better than those excluding mpMRI findings
(P =0.02) Decision curve analysis showed a slight but significant net benefit associated with the use of the mp-MRI based nomograms com-
pared with those excluding either PI-RADS score (Delta net benefit 0.0278) or mpMRI maximum IL size (Delta net benefit 0.0111).

Conclusions: The nomogram constructed in this study can assist urologists in assessing an individual’s risk of csCaP at RP. © 2022
Elsevier Inc. All rights reserved.
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mpMRI was originally employed to improve the detection
of CaP in men with prior negative biopsies and elevated
prostate specific antigen (PSA) levels [1]. More recently,
the PROMIS trial showed that upfront mpMRI, to triage
men with suspicious CaP, allowed 27% of patients to avoid
a primary biopsy and reduced the diagnosis of clinically
insignificant cancers by 5% when compared with the stan-
dard pathway of prostate biopsy [2]. Moreover, the PRECI-
SION trial confirmed that fewer men in the MRI-targeted
biopsy group received a diagnosis of non- csCaP than in the
standard-biopsy group [3]. A recent meta-analysis on 48
studies including 9613 patients showed that the median
negative predictive value of mpMRI was 82.4% (IQR, 69%
—92.4%) for overall cancer and 88.1% (IQR, 85.7%
—92.3%) for clinically significant csCaP [4].

The current European Association of Urology guidelines
emphasize individual risk assessment and underline the
potential role of CaP risk calculators in enhancing mpMRI
performance [5]. mpMRI was recently incorporated into
risk calculators with clinical parameters for determining the
risk of having csCaP for individualized pre-biopsy risk
assessment [6—9]. However, risk calculators incorporating
mpMRI and predicting csCaP at radical prostatectomy (RP)
are lacking. The present study aimed to develop a predictive
model and nomogram that incorporates clinical data and
mpMRI parameters for the detection of clinically significant
CaP (csCaP ) at RP.

2. Materials and methods

2.1. Study design and participants

This study is a retrospective analysis of all consecutive
patients who underwent robotic RP with or without pelvic
lymph node dissection for CaP in our center between 2016
and 2020. Inclusion criteria were adenocarcinoma histotype
and a mpMRI performed before prostate biopsy or surgery
(local staging intent). Exclusion criteria were previous and/or
concomitant treatment of CaP and the unavailability of a
mpMRI study. Patients with missing data were also excluded.
The study was approved by our local Ethical Board (DGEN
278/2019). All patients signed an informed consent form.

2.2. mp-MRI protocol

All patients underwent a 1.5-T mp-MRI study with a 32-
channel surface coil (Ingenia, Philips, Milan, Italy). MRI
was performed before biopsy (targeted biopsy) or 6 weeks
after biopsy for local staging. In accordance with the Euro-
pean Society of Urogenital Guidelines [10], the acquisition
protocol consisted of multiplanar T2-weighted images, dif-
fusion-weighted imaging (with a b-value of 0-800-1400-
1600-2000 s/mm?2 including the calculation of apparent dif-
fusion coefficient maps), dynamic gadolinium contrast-
enhanced imaging sequences, and T1-weighted images
with a large field-of-view. mp-MRI was performed at least

4 weeks after prostate biopsy. Two dedicated radiologists
analyzed the images and were blinded to the histopathology
report. Images were scored in line with the Prostate Imag-
ing-Reporting and Data System (PI-RADS) v2 assessment
categories [10]. Age, body mass index, PSA, prostate vol-
ume at mp-MRI, PSA density, and the numbers and the
largest diameter of the index lesion at mp-MRI were gath-
ered. The MRI-index lesion was defined as the lesion with
the highest PI-RADS v2 score or the largest lesion in the
presence of more than 1 lesion with the same score.

2.3. Assessment of RP specimens

All samples were analyzed by 2 experienced uropatholo-
gists. RP specimens were embedded and examined with the
whole-mount technique [11]. Each specimen was received
fresh from the operating room. To enhance a quick and uni-
form fixation, 100 mL of 10% buffered formalin was intro-
duced into the prostate at multiple sites using a fine
hypodermic needle. The specimen was then covered with
India ink and fixed for 24 hours in formalin. After fixation,
the sectioning procedure was employed for each specimen.
Seminal vesicles were removed from the prostate and cut into
2 halves [12]. The apical and basal parts of the prostate were
removed by a transversal cut at 4 mm from the distal and
proximal margins, respectively, and then sectioned into slices
at 4 mm intervals perpendicularly to the inked surface. The
prostate body was step-sectioned at 4 mm intervals, perpen-
dicular to the gland’s long axis (apical-basal). The cut speci-
men was post-fixed for 24 hours in formalin and then
dehydrated in graded alcohols, cleared in xylene, embedded
in paraffin, and examined histologically as 5 pm-thick
whole-mount hematoxylin and eosin-stained sections. For the
body of the prostate, sections were used with special molding
and inclusion cassettes. The slides were at least 76 mm long
and 50 mm wide. We used a stereological method in each
specimen, using point counting based on overlaid grids to cal-
culate the total volume of cancer and the volume of the major
focus of prostate cancer [13]. Cancer foci were identified in
each section, which we delimited by pen dots. The number of
grid points falling within the cancer area was then counted.
The value of the area associated with each grid point was mul-
tiplied by the thickness of the slice (4 mm). This gave the vol-
ume of cancer in a prostate slice. The volume obtained in all
slices was added up and then multiplied by a shrinking factor
of 1.3, giving the volume of cancer in cc. The 2014 Interna-
tional Society of Urological Pathology modified Gleason
score and Grade Group were provided [14]. csCaP was
defined as any tumor with a volume larger than 0.5 cm® or
with a Gleason score >7 [15]. The index lesion was consid-
ered as the cancer focus with the highest Gleason score, or the
largest focus as measured by the volume in the case of more
than 1 lesion with the same Gleason score [16]. The index
lesion volume, pT, grading group, extraprostatic extension
(yes/no), positive surgical margins (yes/no), and metastatic
lymph nodes (yes/no) were gathered.
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2.4. Statistical analysis

Descriptive statistics of the study population were calcu-
lated according to the occurrence of csCaP . Continuous
variables were reported as median and interquartile range
(IQR) and compared by using a Mann-Whitney U test. Cat-
egorical variables were reported as numbers and percen-
tages and tested with a chi-square test. Univariable logistic
regression models were carried out to explore the associa-
tion between clinical and imaging data and the risk of
csCaP. Variables with a P-value <0.05 in univariate analy-
sis were then selected into multivariable regression models
to identify independent predictors. Multivariate logistic
regression coefficients were used to develop the multivari-
able nomograms that predict the probability of csCaP. The
variance inflation factor (VIF) was additionally measured
in the multivariable logistic regression analysis to investi-
gate the degree of multicollinearity among covariates, and
VIF >10 was used to define the presence of high multicolli-
nearity [17]. According to the results of the multivariable
logistic regression analysis, a nomogram was designed to
select the significant relevant predictors using a backward
step-down process using the Akaike information criterion
[18]. The internal validation of the nomogram was evalu-
ated in terms of discrimination and calibration. Discrimina-
tion performance was numerically assessed by calculating
Harrell’s concordance index (C-index) [19]. Fractional pol-
ynomials were used to determine the appropriate functional
form for continuous variables [20]. Furthermore, receiver
operating characteristics of the AUC were used to compare
the nomogram’s discrimination ability with that of single
linear predictors, and predictive accuracy was expressed in
terms of the AUC value. Additionally, the predictive accu-
racy of mpMRI was assessed by comparing the perfor-
mance of predictive models with and without mpMRI IL
size and those with and without PI-RADS score.

Secondly, calibration was evaluated by plotting the rela-
tionship between actual probability and predicted probabili-
ties using a bootstrapping method with 1,000 replications.
To account for the nomogram’s clinical usability, decision
curve analysis (DCA) was conducted by computing the net
benefits for a range of threshold probabilities [21]. DCA
performance was expressed in terms of delta net benefit
derived as the difference between the net benefit of the full
model and that of the “Treat All’ approach. To account for
differences between distinct decision curve analyses, we
compared the net benefit of DCA including PI-RADS, max-
imum MRI IL size, and PSA density with that of the models
excluding either PI-RADS or IL size. Statistical analyses
were performed using “pROC,” “rms,” “rmda,” and
“survival” packages in R version 4.1.0 (R Foundation,
https://www.r-project.org) [22,23]. A 2-sided P-value with
a threshold of 0.05 was used to determine statistical signifi-
cance.

3. Results

Five hundred and seventeen men underwent RP during
the study period. Among them, 393 patients met the inclu-
sion criteria and were included in the analysis. Table 1
shows the patients’ characteristics. The median age was 65
(9) years, while the median PSA was 5.81(3.76) ng/ml. The
median prostate volume was 37.75(21.97) cc. On patho-
logic findings at needle biopsy, 61 patients had non csCaP,
based on Epstein’s criteria (Gleason score 6 and <3 cores
with cancer or < 50% of core involved by cancer) [24].
However, they refused active surveillance and opted for
RP. Based on pathological findings at RP, 363 had csCaP.
The median PSA was significantly higher in patients with
csCaP compared to patients with non-csCaP [5.93(3.77) vs.
4.80(3.87) ng/ml, respectively, P=0.034]. Median PSA
density was higher in patients with csCaP [0.152(0.114) vs.
0.093(0.076) ng/ml/cc respectively, P < 0.001]. Concerning
mpMRI findings, the incidence of PI-RADS lesions signifi-
cantly differed between patients with clinically significant
and non-csCaP (P < 0.001). The PI-RADS score <3 was
present in 12 of 30 (40%) patients with non-csCaP and 41
of 363 (11.3%) patients with csCaP. Conversely, the PI-
RADS score 5 was seen in 122 of 363 (33.6%) csCaP
patients, whilst only 2 of 30 (6.7%) non-csCaP patients had
a score 5 lesion.

In the multivariate analysis, PSA density of 0.15 ng/ml
or more, PI-RADS score 4-5, and the maximum length of
the mpMRI IL were independent risk predictors for the
presence of csCaP (Table 2).

A diagnostic model was developed, which included PI-
RADS score, PSA density, and the maximum length of the
mpMRI IL for predicting csCaP at RP. The model yielded
an AUC of 0.77 (95%CI: 0.75—0.80) (Fig. 1A), which was
significantly better compared to that of the model without
PI-RADS score (AUC 0.75, 0.68—0.78, P = 0.02) and
mpMRI IL size (AUC 0.73, 0.69— 0.75, P = 0.002). The
calibration curve showed good consistency between the
predicted probability of the model and the actual probabil-
ity of csCaP (Fig. 1B). The DCA did not show a significant
net benefit (NB) of the full model including PI-RADS,
mpMRI IL size, and PSA density compared to the “Treat
All” approach at clinically plausible thresholds; indeed,
improvement in net benefit was visible for risk thresholds
over 53%, significant over 60% and more evident when RT
reaches 80%. However, the DCA net benefit of the model
including PI-RADS, maximum MRI IL size, and PSA den-
sity was slightly better than those excluding either IL size
(Delta net benefit of 0.0111) or PI-RADS (Delta net benefit
of 0.0278) at a 50% RT (Fig. 2A and B) and significantly
increases at 60% RTs. After 1,000 bootstrap resamples, a
regression coefficient-based nomogram predicting the prob-
ability of csCaP at RP was developed from the full model
(Fig. 3).
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Table 1
Descriptive statistics of patients included in the study
Total Clinically significant Nonclinically significant P
n=393 n=363 n=30
Age (y), median(IQR) 65 (9) 65 (10) 64 (8.2) 0.175
BMI, median(IQR) 25.76 (4.50) 25.80 25.11 0.431
PSA (ng/ml), median(IQR) 5.81(3.76) 5.93 (3.77) 4.80(3.87) 0.034
Prostate volume (cc), median (IQR) 37.75 (21.97) 37.00 (20) 50.35 (23) <0.001
PSA density (ng/ml/cc), median (IQR) 0.146 (0.11) 0.152 (0.114) 0.093 (0.076) <0.001
PSA density > 0.15 ng/ml/cc, n(%) 193 (49.3) 189 (52.1) 4(13.3) <0.001
PI-RADS score, n (%) <0.001
1-3 53 (13.5) 41(11.3) 12 (40.0)
4-5 340 (86.5) 322 (88.7) 18 (60.0)
Maximum MRI IL size (mm), median (IQR)
12 (7) 12 (7) 10 (9) 0.003
Radical prostatectomy IL volume (cc), median (IQR)
1.086 (1.453) 1.211 (1.49) 0.22 (0.2) <0.001
Grading Group at radical prostatectomy, (%) <0.001
1 58 (14.8) 28 (7.7) 30 (100)
2 221 (56.2) 221 (60.9)
3 84 (21.4) 84 (23.1)
4 9(2.3) 9(2.5)
5 21(5.3) 21(5.8)
pT, n (%) <0.001
2 230 (58.5) 200 (55.1) 30(100)
3a 129 (32.8) 129 (35.5)
3b 25 (6.4) 25(6.9)
4 9(2.3) 9(2.5)
Extraprostatic extension, n (%)
No 230 (58.5) 200 (55.1) 30 (100) <0.001
Yes 163 (41.5) 163 (44.9)
Positive surgical margin, n(%)
No 268 (68.2) 240 (66.1) 28 (93.3) 0.002
Yes 125 (31.8) 123 (33.9) 2(7.7)
Lymphadenectomy, n(%)
Not performed 155 (39.4) 138 (38.0) 18 (60.0) 0.131
Metastatic 33 (8.4) 31(8.5) 0(0)
Negative
205 (52.2) 194 (53.4) 12 (40.0)

BMI =body mass index; IL = index lesion. IQR = interquartile range; MRI = magnetic resonance imaging; PI-RADS = Prostate Imaging Reporting and

Data System; PSA = prostate specific antigen.
Notes: P-value from x2 test or Mann-Whitney U test as appropriate.

4. Discussion

Several prediction calculators have been introduced in
clinical practice to assist urologists in selecting patients with
suspicious CaP for biopsy. However, the most commonly-
used calculators only include clinical data, without using
mpMRI. The European Randomized Study of Screening for
Prostate Cancer derived Prostate Risk Calculator was devel-
oped using a model for the risk of high-grade disease (Glea-
son score >7) associated with age at biopsy, race, family
history of prostate cancer, PSA level, PSA velocity, digital
rectal examination, and previous prostate biopsy [25]. This
model showed an AUC performance of 0.68. Similarly, the
North American Prostate Cancer Prevention Trials based
Cancer Risk Calculator showed an AUC of 0.72 adopting
PSA, digital rectal examination, prostate volume, and trans-
rectal ultrasound results [26]. The introduction of mpMRI

into screening programs reduced the risk of overdiagnosis of
insignificant CaP, with a reported pooled sensitivity of 84%
and specificity of 75% for csCaP with a PI-RADS threshold
of 3 or 4 [27]. As a consequence, risk calculators incorporat-
ing MRI findings have recently been introduced into the
diagnostic pathway for patients with suspicious CaP, show-
ing more powerful risk stratification than the previous multi-
variable prediction nomograms. The European Randomized
Study of Screening for Prostate Cancer derived Prostate
Risk Calculator was recently improved by incorporating age
and mpMRI, showing an AUC 0.84 and 0.85 in biopsy naive
and previously biopsied men, respectively [9]. van Leeuwen
et al. developed a model based on a prospective series of 393
men who underwent mpMRI before prostate biopsy, incor-
porating age, PSA, digital rectal examination, previous
biopsy, prostate volume, and the mpMRI PI-RADS score
[6]. The authors found that the AUC of their model for
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Table 2

Logistic regression models exploring association between selected study risk factors and clinically significant prostate cancer

Sample (n =393) Univariate logistic regression model P Multivariate logistic regression model P
OR (95%CTI) OR (95%CTI)

Age 1.03 (0.97—1.08) 0.39 1.01 (0.96—1.05) 0.75

PSA density >0.15 ng/ml 7.06 (2.68—24.29) <0.001 5.64 (2.09—19.69) 0.002

PI-RADS score 4—5 5.24 (2.31-11.57) <0.001 2.90 (1.09-7.47) 0.03

Maximum MRI IL size 1.15(1.07—1.24) <0.001 1.07 (1.01-1.17) 0.04

IL = index lesion. MRI = Magnetic Resonance Imaging; PSA = prostate specific antigen. PIRADS = Prostate Imaging Reporting and Data System.

IL =Index Lesion. OR = Odds Ratio. CI = confidence interval.

predicting csCaP at needle biopsy (Gleason 7 with >5%
grade 4, >20% cores positive or >7 mm of cancer in any
core) was 0.864 after external validation, reducing 28% of
biopsies, whilst missing 2.6% of csCaP. Bjurlin et al. devel-
oped another nomogram incorporating PSA density, age,
and PI-RADS score lesions to predict Gleason score >7 can-
cer on combined MRI-targeted and systematic biopsy [28].
This nomogram’s AUC was 0.82 in biopsy naive men and
0.86 in men with a prior negative biopsy.

Our nomogram is the first to provide an individual risk of
csCaP at RP based solely on a combination of PSA density

and mpMRI data. We found that the model had a satisfac-
tory performance in predicting csCaP at RP (AUC 0.77)
and was well calibrated in internal validation, with a better
performance compared to models that do not incorporate
MRI findings [26,29]. However, the performance of our
nomogram was lower than those of van Leeuwen and Bjur-
lin, and the investigation of the net benefits of decision
curve analyses was not satisfactory. This could be mainly
related to the underestimation of AUC associated with the
imbalanced distribution of study outcome with a very low
number of patients having non-csCaP (7.6 %) compared
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with previous studies, which might have increased the risk
threshold to intercept significant net benefits. Despite high
thresholds (80-100%) are not clinically plausible, we think
that even a small improvement in the net benefit perfor-
mance for thresholds of 50-70% should be considered when
dealing with populations with high csCaP prevalence.
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Fig. 3. Nomogram predicting the probability of clinically significant pros-
tate cancer at radical prostatectomy. IL=Index lesion; MRI = magnetic res-
onance imaging; PI-RADS =Prostate Imaging-Reporting and Data
System; PSA =prostate-specific antigen; csCaP= clinically significant
prostate cancer. Instructions: locate the patient’s PI-RADS score on the
age axis. Draw a line straight upward to the point axis to determine how
many points on the probability of significant prostate cancer the patient
receives for his PI-RADS score. The same process has to be performed for
each additional variable. Sum the points for each predictor. Locate the final
sum on the total-point axis. Draw a line straight down to find the patient’s
probability of having clinically significant prostate cancer.

Additionally, the net benefit of the DCA of the model
including PI-RADS score, maximum MRI IL size, and PSA
density was slightly better than those excluding either IL
size (Delta net benefit of 0.0111) or PI-RADS (Delta net
benefit of 0.0278), and this improvement started at a 50%
risk threshold. In addition, we used the whole-mount RP
specimen as the reference standard instead of the biopsy
needle, possibly allowing for more accurate detection of
actual csCaP. Only 30 patients had non csCaP at RP as
compared with 72 patients at needle biopsy, confirming that
the current criteria adopted for the definition of non csCaP
can miss some patients harboring csCaP. Indeed, the
upgrade of the biopsy Gleason score 3+4 at RP was found
to be 38.8% and 16.7% in standard biopsy and MRI/ultra-
sound fusion biopsy, respectively [30]. Moreover, patients
with a biopsy Gleason score 6, small prostate volume, and
high PSA density were found to be associated with an
upgrade of the Gleason score at RP [31].

There is rising concern among urologists about the over-
diagnosis of indolent CaP, given that we have witnessed an
overuse of prostate biopsies in the last 3 decades, with the
detection of a large number of Gleason score 6 cancers
[32]. Consequently, active surveillance programs have been
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developed but with increasing costs related to outpatient
visits, PSA dosage, MRI and repeat biopsy, and a poten-
tially negative impact on patients’ quality of life due to
complications and anxiety [33]. The inclusion of nomo-
grams to evaluate the risk of csCaP in clinical practice
might help with better patient counseling before prostate
biopsy. Therefore, we believe that our nomogram might be
particularly useful for counseling 2 groups of patients: i)
patients undergoing a re-biopsy; ii) patients on active sur-
veillance. Nowadays, both groups should undergo a mpMRI
study before repeating biopsy and mpMRI has a central role
in biopsy decision making. Interestingly, we found that
only 11.3% of patients harboring csCaP had a PI-RADS
score <3 index lesion at mpMRI, whereas a PI-RADS score
<3 index lesion was found in 40% of men with non-csCaP.
In our model, patients having a PI-RADS score 4 index
lesion have at least a 70% risk of harboring csCaP at RP,
whereas this risk is higher at 83% in the presence of a PI-
RADS score 5 index lesion irrespective of age, PSA value,
and MRI lesion size. Consequently, most patients with a
previous negative biopsy and on active surveillance might
avoid biopsy after negative MRI findings and a low total
PSA, thus avoiding overdiagnosis of indolent CaP, given
that there are 2 men diagnosed with non-csCaP for every
man with csCaP detected by systematic biopsy after a nega-
tive mpMRI [32].

The present study has some limitations, starting with its
retrospective nature. However, all patients were selected
from our prospectively collected database. Moreover,
patient selection for RP might be biased, since the study
was single-center. However, MRI and RP specimens were
assessed by expert specialists in their respective fields and
RP specimens discovered 31 patients harboring csCaP that
was categorized as non-significant on pathologic findings at
needle biopsy. Finally, the prediction model requires exter-
nal validation to assess its applicability, even if the useful-
ness of the nomogram is supported by its accurate
prediction ability and internal validation.

5. Conclusion

The nomogram constructed in this study integrates
mpMRI PI-RADS-v2 scoring system findings with PSA
density and can assist urologists in assessing an individual’s
risk of csCaP. The use of a whole-mount RP specimen as
the reference standard produces a more accurate detection
of actual csCaP compared to needle biopsy. However, our
nomogram requires external validation to confirm its pre-
diction ability.
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