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Aim: To investigate the predictive value of lesion length in multiparametric prostate magnetic resonance
imaging with respect to prostate volume for clinically significant prostate cancer diagnosis in targeted
biopsies.
Materials and methods: The data of biopsy-naïve patients in the Turkish Urooncology Association
Prostate Cancer Database who underwent targeted prostate biopsies were included in this study. Lesion
density is calculated as the ratio of lesion length (mm) in MR to prostate volume (cc). The biopsy results
were divided into either clinically significant or insignificant cancer and benign groups. The difference in
parameters between groups is evaluated by multivariable analysis to determine independent risk factors
for clinically significant prostate cancer diagnosis.
Results: A total of 590 lesion biopsies were included in the study. In univariable analysis, prostate-
specific antigen (PSA), PSA density, number of cores taken, lesion length, lesion density, patient age, and
digital rectal examination findings were found to be different at a statistically significant level between
groups (P values, respectively: 0.001, <0.001, <0.001, <0.001, <0.001, 0.012, 0.001). Subgroup analysis
demonstrated that the lesion density was still significantly different between groups for all Prostate
Imaging - Reporting and Data System (PI-RADS) 3, 4, and 5 subgroups (P values, respectively: 0.001,
<0.001, <0.001). The multivariable analysis demonstrated that lesion density, along with the number of
cores taken and the PI-RADS score of the lesion is an independent risk factor for predicting clinically
significant prostate cancer, with the highest odds ratio among all parameters (OR: 27.31 [CI: 7.9e94.0]).
Conclusion: This study demonstrated that lesion size with respect to prostate volume is an important in-
dependent risk factor for the prediction of clinically significant prostate cancer in the lesion-targeted biopsy.
Combined with the PI-RADS score and parameters like digital rectal examination (DRE) findings and PSA
density may further increase predictive power and help clinicians decide whether to perform a biopsy in low-
risk patients or perform a re-biopsy for high-risk patients subsequent to an initial negative biopsy.
© 2024 The Asian Pacific Prostate Society. Published by Elsevier B.V. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Identifying clinically significant prostate cancer (cs-PCa) while
not overdiagnosing clinically insignificant ones is one of the top
hool of Medicine, Urology
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priorities in the diagnostic process of the disease. The use of
multiparametric magnetic resonance imaging (mpMRI) has made it
possible to detect cs-PCawithmore sensitivity.1With the availability
of the Prostate Imaging - Reporting and Data System (PI-RADS)
scoring system and fusion biopsies, it is now possible to identify and
diagnose cs-PCa more accurately.2e4

Despite all the technological improvements and developments
in the mpMRI evaluation experience, cs-PCa diagnosis continues to
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be an important challenge for clinicians today. Since mpMRI eval-
uation prior to the initial biopsy is now standard practice with the
recommendation of the European Association of Urology guide-
lines,5 improving the diagnostic accuracy of mpMRI studies has
become more important.

Parameters that can provide additional information to the PI-
RADS score to increase the quality of the information obtained
from mpMRI imaging are frequently the subject of research in the
literature. There are studies aiming to increase the diagnostic ac-
curacy of mpMRI using radiomic parameters,6 prostate-specific
antigen (PSA) density,7 and prostate cancer antigen 3 (PCA3).8 In
this study, we aimed to investigate the relationship between the
ratio of lesion diameter to prostate volume, which we define as
lesion density, and the diagnosis of cs-PCa.

2. Materials and methods

This studywas conducted through a retrospective analysis of the
prostate cancer and benign prostate biopsy databases of the Turk-
ish Urooncology Association. There were 8372 and 5285 patients,
respectively, in these two nationwide databases, where patient
data were kept anonymized at the time of recording. REDCap9,10

software was used to record and process patient data in these
databases.

The data of biopsy-naïve patients who underwent MR-targeted
prostate biopsies were searched in both databases. All MR-targeted
biopsies included in the study were performed with software-
enhanced fusion biopsy systems. Ultrasound-guided cognitive
fusion biopsies from the study were excluded because most of the
MR data on these patients were incomplete in our database. There
were no in-bore fusion biopsies in our database with complete
data. Patients diagnosed with systemic biopsies were not also
included in the study. The patients' lesion-based biopsy results,
prebiopsy digital rectal examination (DRE) findings, prebiopsy PSA
values, PI-RADS scores reported in mpMRI evaluation, lesion di-
ameters, and prostate volumes were investigated. Patient data
without any missing parameters are included in the study. Patients
were divided into clinically significant- or not-significant cancer
and non-cancer groups, and the predictors of cs-PCa were further
evaluated withmultivariable analysis. Clinically significant prostate
cancer was regarded as Gleason grade group 2 or more in biopsy
pathology. Since most mpMRI reports in our database included the
longest lesion diameter instead of 3-dimensioned diameters, it was
decided to include lesion diameter to conduct statistical analysis.
Lesion density was defined as the ratio of the longest lesion
diameter in millimeters, to prostate volume (cc).
Table 1
Comparison of general risk factors between groups.

cs
(n

PSA Median (IQR) 6.8
PSA density Median (IQR) 0.1
Core number per lesion Median (IQR) 4.0
Lesion length Median (IQR) 12.0
Lesion density Median (IQR) 0.2
Patient age Median (IQR) 64.0
DRE, n (%) Benign 324

Malign 61
PI-RADS score, n (%) 3 142

4 175
5 68

cs-PCa, Clinically Significant Prostate Cancer; DRE, Digital rectal Examination; IQR, Inte
prostate-specific antigen.
a) Mann-Whitney U.
b) c2 Test.
2.1. Statistical analysis

Statistical analysis was performed with the Python program-
ming language (Open source v3.12). Pandas,11 matplotlib,12

NumPy,13 SciPy,14 scikit-learn,15 and statsmodels16 libraries were
used for the management of the data and statistical analysis.
JupyterLab (Open source v1.2.6) was used as the coding interface.

Histograms, probability plots, and analytical methods (Kolmo-
goroveSmirnov/ShapiroeWilk's tests) were used to decide
whether a scaler variable is normally distributed or not. Normally
distributed descriptive variables were given as mean and standard
deviation, while median and interquartile range values were given
for variables that did not comply with the normal distribution.
Two-group comparisons were made with the ManneWhitney U
test.

The chi-square test was used to compare categorical variables
between groups. In cases where the assumptions of the chi-square
were not valid, the comparison was made with Fisher's exact test.
Binary logistic regressionwith the enter method was performed for
multivariable analysis. Parameters that were found to be statisti-
cally significant in the univariable analysis were included in the
multivariable analysis. Variables that were closely correlated with
each other were ruled out for the multivariable analysis. The strong
correlation between two variables is defined as a correlation co-
efficient of 0.6 or more. Statistical significance was defined as a P-
value below the threshold of 0.05 for all statistical hypothesis tests.
Significant figures for variables are given to one decimal place, and
P-values are displayed to three decimal places.

3. Results

After initial analysis, 590 lesion-targeted biopsies were included
in the study. The mean age of the patients was 64.3 ± 7.6. The
cancer ratio (including Gleason grade group 1) in these 590 bi-
opsies was 47% (n ¼ 278). There were 205 cs-PCa diagnoses. The
median PSA, PSA density, number of cores taken per lesion, lesion
diameter, and lesion density values were higher in the cs-PCa
group. In the digital rectal examination, more patients were re-
ported to have benign findings in the noncancer group (Table 1).
The cancer detection rates for PI-RADS 3, 4, and 5 lesions were 9.6%,
33.2%, and 60.1%, respectively.

In the subgroup analysis, lesion density was found to be higher
at a statistically significant level in the cs-PCa group for each PI-
RADS score compared to benign biopsies. PSA density and num-
ber of cores per lesion were also statistically higher in PI-RADS 4
and 5 subgroups with cs-PCa (Table 2). In addition to the lesion
-PCa (�)
¼ 385)

cs-PCa (þ)
(n ¼ 205)

P

(4.7e10.9) 8.4 (5.3e13.2) 0.001a)

(0.1e0.2) 0.2 (0.1e0.4) <0.001a)

(4.0e7.0) 6.0 (4.0e10.0) <0.001a)

(8.5e15.0) 15.0 (10.0e20.0) <0.001a)

(0.1e0.3) 0.39 (0.2e0.6) <0.001a)

(59.0e69.0) 66.0 (60.0e71.0) 0.012a)

(84.7) 150 (73.2) 0.001b)

(15.8) 55 (26.8)
(36.9) 15 (7.3) <0.001b)

(45.5) 87 (42.4)
(17.7) 103 (50.2)

rquartile Range; PI-RADS, The Prostate Imaging - Reporting and Data System; PSA,



Table 2
Subgroup analysis of general risk factors for PI-RADS scores.

PI-RADS 3 (n ¼ 157)

cs-PCa (¡)
(n ¼ 142)

cs-PCa (þ)
(n ¼ 15)

P

PSA Median (IQR) 6.0 (4.3e9.9) 5.3 (4.2e7.5) 0.441a)

PSA density Median (IQR) 0.1 (0.1e0.2) 0.1 (0.1e0.2) 0.073a)

Core number per lesion Median (IQR) 4.0 (4.0e5.5) 6.0 (4.0e9.8) 0.045a)

Lesion length Median (IQR) 11.5 (8.0e14.0) 13.0 (10.0e16.5) 0.155a)

Lesion density Median (IQR) 0.2 (0.1e0.3) 0.3 (0.2e0.5) 0.001a)

Patient age Median (IQR) 63.0 (58.3e67.0) 59.0 (50.0e64.5) 0.080a)

DRE, n (%) Benign 123 (86.6) 12 (80.0) 0.444b)

Malign 19 (13.4) 3 (20.0)

PI-RADS 4 (n ¼ 262)

cs-PCa (¡)
(n ¼ 175)

cs-PCa (þ)
(n ¼ 87)

P

PSA Median (IQR) 7.0 (4.9e11.0) 7.0 (5.1e12.1) 0.550a)

PSA density Median (IQR) 0.1 (0.1e0.2) 0.1 (0.11e0.3) 0.003a)

Core number per lesion Median (IQR) 4.0 (4.0e8.8) 5.5 (4.0e10.0) 0.027a)

Lesion length Median (IQR) 10.0 (8.0e13.0) 11.0 (8.0e13.0) 0.410a)

Lesion density Median (IQR) 0.2 (0.1e0.3) 0.3 (0.2e0.4) <0.001a)

Patient age Median (IQR) 65.0 (59.0e69.0) 66.0 (60.0e71.0) 0.143a)

DRE, n (%) Benign 146 (83.4) 66 (75.7) 0.142c)

Malign 29 (16.8) 21 (24.1)

PI-RADS 5 (n ¼ 171)

cs-PCa (¡)
(n ¼ 68)

cs-PCa (þ)
(n ¼ 103)

P

PSA Median (IQR) 8.6 (4.5e14.4) 10.0 (5.9e17.2) 0.071a)

PSA density Median (IQR) 0.2 (0.1e0.3) 0.4 (0.2e0.5) <0.001a)

Core number per lesion Median (IQR) 4.0 (3.0e8.0) 6.0 (4.0e9.3) 0.004a)

Lesion length Median (IQR) 20.0 (16.0e24.3) 20.0 (16.0e25.0) 0.316a)

Lesion density Median (IQR) 0.4 (0.3e0.5) 0.6 (0.4e0.8) <0.001a)

Patient age Median (IQR) 65.0 (59.8e71.0) 68.0 (61.0e71.8) 0.406a)

DRE, n (%) Benign 55 (80.9) 72 (69.9) 0.108c)

Malign 13 (19.1) 31 (30.1)

cs-PCa, Clinically Significant Prostate Cancer; DRE, Digital rectal Examination; IQR. Interquartile Range; PSA, prostate-specific antigen; PI-RADS, The Prostate Imaging -
Reporting and Data System.
a) Mann-Whitney U.
b) Fisher Exact Test.
c) c2 Test.
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density, the only parameter that was found to be different at a
statistically significant level between the two groups in PI-RADS 3
lesions was the number of cores per lesion (Table 2).

Multivariable analysis demonstrated that lesion density, num-
ber of cores per lesion, and PI-RADS score were independent pre-
dictive factors for cs-PCa, with lesion density having the highest
odds ratio (Table 3). Since PSA and PSA density levels are closely
correlated with each other, multivariable analysis was performed
with both variables separately, and while independent predictors
did not change, both PSA and PSA density were not independent
predictors for cs-PCa. In receiver-operating characteristic (ROC)
curve analysis, lesion density had 75.1% sensitivity and 59.7%
Table 3
Multivariable analysis for cs-PCa diagnosis prediction.

Variable OR (95% CI) P

Patient age 1.0 (1.0e1.05) 0.053
DRE (Benign vs. Malign) 1.5 (0.9e2.5) 0.087
Core number per lesion 1.0 (1.0e1.1) 0.006
PSA density 1.7 (0.6e4.4) 0.249
Lesion density 27.3 (7.9e94.0) <0.001
PI-RADS 3 Reference
PI-RADS 4 3.8 (2.0e7.2) <0.001
PI-RADS 5 4.8 (2.3e9.8) <0.001

CI, Confidence Interval; cs-PCa, clinically significant prostate cancer; DRE, Digital
rectal Examination; PSA, prostate-specific antigen; PI-RADS, The Prostate Imaging -
Reporting and Data System; OR, Odds Ratio.
specificity at the level of 0.240 mm/cc with an area under the curve
(AUC) value of 0.743. The positive predictive value at this level was
49.7%, and the negative predictive value was 81.8% (Fig. 1).
4. Discussion

The introduction of PSA is considered to have a revolutionary
impact on PCa diagnosis and follow-up.17 Although PSA is known to
be organ-specific rather than cancer-specific, some studies state
PSA as a better independent predictor of PCa compared to DRE or
transrectal ultrasound.18 In our study, PSA levels were significantly
higher in the cs-PCa group in univariable analysis, but in multi-
variable analysis, PSA was not an independent risk factor. Consid-
ering that the population of our study consisted of men who
underwent biopsy and elevated PSA is still one of the primary
factors in deciding on a prostate biopsy, and it is expected result
that PSA values are high in all patient groups. Our results support
the knowledge that even though elevated PSA may be associated
with increased PCa risk, PSA elevation alone is not a reliable indi-
cator for the diagnosis of cs-PCa in targeted biopsies.

Since PSA alone is known to be inadequate, variousmethods have
been developed to increase the power of PSA in predicting prostate
cancer. Among these, PSA density has often been the subject of
research in the literature because it can be easily calculated and does
not require an additionalmeasurement. It is reported thatwith a cut-
off value of 0.15 ng/mL/cc, PSA density may be valuable to predict cs-



Figure 1. ROC curve for lesion density alone.
ROC, receiver-operating characteristic.
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PCa.19 Also, it has been reported that PSA density at the level of
0.20 ng/mL/cc could be a valuable predictor for PI-RADS 3 lesions.20

Our results did not show PSA density as an independent predictor for
cs-PCa in multivariable analysis, although PSA density was signifi-
cantly higher in the cs-PCa group in univariable analysis. Since our
data only has lesion-targeted biopsies and not all cs-PCa are diag-
nosed by lesion-targeted biopsies, our results do not mean that
elevated PSA density is not a risk factor for cs-PCa. But our data
demonstrated that it is not possible to predict the outcome of a
lesion-targeted biopsy solely with PSA density.

It is reported that the odds ratio of the prevalence of PCa in-
creases per decade of life.21 Consistently, the current study showed
that the median age of diagnosis in PCa patients was higher
compared to patients with benign biopsies in univariable analysis.
Our study also showed that age should not be regarded as an in-
dependent predictor for lesion-targeted biopsy pathology, since it
has not shown statistical significance in multivariable analysis.

In current clinical practice, it is recommended to perform a
systemic prostate biopsy with at least 10e12 cores.5 However, there
is no clear recommendation for the number of cores to be taken
from lesions in targeted biopsies. A recent study investigating the
impact of the number of cores on biopsy results concluded that the
first two cores detected the majority of cs-PCa, but there were still
several men who would benefit from additional cores.22 In this
study, we demonstrated that biopsies resulting in cs-PCa have a
significantly higher number of cores taken per lesion. This was the
case for all PI-RADS subgroups, and even in multivariable analysis,
the core number was an independent risk factor. Our results do not
necessarily mean that a reduced number of cores taken would
diminish the diagnostic accuracy of targeted biopsies, but the
number of cores to be taken is an issue that clinicians should pay
attention to and decide with patient-based risk-adapted strategies.
Since the main objective of our study was to assess the predictive
value of lesion length with respect to prostate volume, biopsy re-
sults were evaluated in a lesion-basedmanner, and systemic biopsy
results were not included in the primary analysis. Our results still
do not change the current necessity of systemic biopsies.

The evaluation of the prostate withmpMRImay be defined as the
‘next big thing’ after the introduction of PSA in the diagnosis process
of PCa. It is clearly shown that mpMRI of the prostate has a high
sensitivity for cs-PCa, especially tumors larger than10mm.23A recent
study has demonstrated that mpMRI can detect cs-PCa patients in a
high AUC in the ROC curve, and it is superior to F-18-fluorocholine
positron emission tomography/computerized tomography in terms
of AUC.24 It is demonstrated that the positive predictive value of the
PI-RADS score system is high and even increases with scores,
reaching up to 94% for PI-RADS 5 lesions in some studies.25 With
recent advancements in MR technology and the update of the PI-
RADS scoring system to version 2.126 mpMRI had become an even
more powerful tool for the diagnosis of prostate cancer. Despite all
these developments, the cancer detection rates of PI-RADS 3, 4, and 5
lesions were 16%, 59%, and 85%, respectively, in a recent meta-anal-
ysis.26 In our study, cancer detection for PI-RADS 3, 4, and 5 lesions
were 9.6%, 33.2%, and 60.1%, respectively, which were lower than the
rates reported in the meta-analysis. This may be the result of the
heterogeneity of our data in terms of the used PI-RADS version in
mpMRI evaluation. It is also known that interobserver variability in
the interpretation of mpMRI is an important issue.27 Since this study
includes data from multiple centers and regions, it may also be
difficult to maintain the same standard of mpMRI qualities.

Since there is a considerable error margin, even for high PI-
RADS scores, predicting possible cancer cases for low PI-RADS
score patients, and deciding to perform re-biopsies after initially
negative biopsies for high PI-RADS score patients had been an
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important challenge for clinicians. There are not many studies
investigating the predictive value of lesion diameter (or length) on
the cs-PCa diagnosis. Costa et.al reported that longer lesion sizes
were seen in patients with extra-prostatic extension in univariable
analysis.28 Lesion length is also used as one of the independent
variables of a nomogram for the prediction of lymph node invasion
in PCa patients.29 These studies show that lesion size may be an
important factor for PCa.

In a cognitive fusion biopsy study that was conducted on 219
patients with peripheral lesions, the cancer detection rate was re-
ported to be increasing with the increased lesion size as well as
decreased prostate size.30 The authors had used predefined
grouping levels for both lesion length and prostate volume in that
study, and instead of investigating the predictive value of the lesion
diameter to prostate volume ratio, they had chosen to report both
parameters individually. Our study also demonstrated that lesion
size was significantly higher in the cs-PCa group for all PI-RADS
scores. Furthermore, the multivariable analysis also demonstrated
lesion density as an independent risk factor. When we performed
the multivariable analysis with lesion diameter instead of lesion
density, lesion diameter alone was not seen as a statistically sig-
nificant independent risk factor for cs-PCa (P ¼ 0.088). Also, the
subgroup analysis for each PI-RADS score showed that lesion size
alone is not different between groups, in contrast to lesion density.
Although we performed multivariable analysis for each PI-RADS
score subgroup and found lesion density as an independent pre-
dictor for each, as a result of the diminished case and event size, the
strength of those models for individual PI-RADS score subgroups
was not high. To be statistically accurate, we did not report the
multivariable analysis results of each PI-RADS score subgroup.

This study is a multicentric retrospective study; thus, all
mpMRIs were reported by different radiologists. Since the inter-
observer variability of mpMRI is known;27 this is regarded as one of
themain limitations of our study. Likewise, biopsy procedures were
conducted by different operators, and different biopsy techniques
were used (transperineal vs. transrectal). Also, the used version of
the PI-RADS score evaluation was heterogeneous in our data, but
since we had a large number of patients the impact of this would
not affect the primary endpoint of this study.

In our research, lesion density was found to be a strong pre-
dictor of cs-PCa in targeted biopsies. This finding highlights the
relationship between the size of a lesion and the volume of the
prostate in improving the effectiveness of targeted biopsies for
diagnosis. Lesion density is a measure of how noticeable a lesion is
within the prostate gland. A larger lesion in a smaller prostate can
be easier to target correctly, which increases the chances of a suc-
cessful biopsy.

Furthermore, an increased lesion density may signify a larger
amount of disease inside a smaller region of the gland, which could
imply a higher likelihood of cs-PCa. On the other hand, detecting
and accurately targeting smaller lesions in larger prostates may be
more difficult since the lesions are relatively few and a larger
amount of tissue needs to be navigated. Therefore, the density of
lesions plays a vital role in helping clinicians make decisions about
planning biopsies.

5. Conclusion

In conclusion, we demonstrated that lesion size with respect to
prostate volume is an important independent risk factor for the
prediction of cs-PCa in the lesion-targeted biopsy. Lesion density
alone has the power to predict cs-PCa with 75.1% sensitivity and
59.7% specificity when 0.240 mm/cc is used as the cut-off value.
Lesion density was higher in the cs-PCa group in each PI-RADS
score subgroup, suggesting that it can be used for both high-risk
and low-risk patients to predict cs-PCa diagnosis. Combined with
the PI-RADS score and parameters like DRE findings and PSA den-
sity predictive power will increase and help clinicians decide
whether to perform a biopsy in low-risk patients or perform a re-
biopsy for high-risk patients after an initial negative result.
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