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Objective: To explore the effectiveness of prostate biopsy density in predicting prostate cancer under cognitive and systematic biopsy 
mode in multi-parametric magnetic resonance imaging (mpMRI).
Methods: A retrospective analysis was conducted on clinical data of 204 patients who were suspected of having prostate cancer with 
prostate-specific antigen (PSA) levels less than 50 ng mL−1 and underwent cognitive and systematic biopsy through the perineal 
approach in our hospital from 2022 to 2023. Univariate and multivariate logistic regression analyses were used to evaluate the odds 
ratios of prostate biopsy density and relevant clinical indicators. Logistic regression analysis was performed to establish a predictive 
model combining indicators with predictive value. The predictive value of each indicator and the new model was evaluated using 
receiver operating characteristic (ROC) curves and the area under the curve (AUC).
Results: The detection rate of prostate cancer in the study population was 32.35%. Multivariate analysis showed that age, PSAD, PI- 
RADS 2.1 score, and prostate biopsy density were independent predictors of prostate cancer. The ROC curve analysis revealed an 
AUC of 0.707 (95% CI 0.625–0.790) for biopsy density, with a cutoff value of approximately 0.22 needle mL−1. The best predictive 
model consisted of age, PSAD, PI-RADS 2.1 score, and biopsy density, with an AUC of 0.857.
Conclusion: Biopsy density is associated with the detection of prostate cancer, with a critical value of 0.22 needle mL−1. Combining 
biopsy density with other clinical indicators can significantly improve the ability to predict prostate cancer and avoid unnecessary 
prostate biopsy cores.
Keywords: prostate biopsy, multi-parametric magnetic resonance imaging, biopsy density, cognitive fusion, cancer prediction

Introduction
Prostate cancer (PCa) is the most common malignancy of the male genitourinary system worldwide, and its diagnosis 
relies on transrectal ultrasound-guided prostate biopsy. Since the introduction of the transrectal ultrasound-guided 6-core 
biopsy method in 1989,1 transrectal ultrasound-guided prostate biopsy has been considered the standard approach for 
obtaining prostate tissue for pathological examination. Since then, additional biopsy cores have been used2,3 to improve 
the accuracy of prostate cancer detection. It is generally believed that 8–12 biopsy cores increase the accuracy without 
significant additional adverse effects. However, there is still considerable controversy regarding the optimal number of 
biopsy cores to be taken.

Evidence from systematic reviews and clinical studies suggests that transrectal ultrasound-guided systematic biopsy 
has a false-negative rate of approximately 21% and potential complications in diagnosing prostate cancer.4 On the other 
hand, multiparametric magnetic resonance imaging (mpMRI)-guided targeted biopsy has not only improved the detection 
rate of clinically significant prostate cancer (csPCa) but also has shown a correlation between lesions detected on mpMRI 
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and tumor location in radical prostatectomy specimens.5 mpMRI has become an accurate method for detecting prostate 
cancer, but targeted biopsy alone may miss approximately 10% of clinically significant prostate cancer.6 In addition, 
systematic biopsy can determine the extent of the lesion to better guide diagnosis and treatment. Overall, combined 
biopsy remains the primary choice for prostate biopsy techniques.7

Currently, the commonly used approach for prostate biopsy involves a combination of systematic biopsy with 10–12 
cores and targeted biopsy with additional cores. Previous studies have found that increasing the number of biopsy cores 
can improve the rate of positive biopsies in patients with larger prostate volumes.8 A study9 proposed the concept of 
biopsy density, defined as the number of cores per prostate volume, as a comprehensive indicator to guide the strategy for 
selecting the number of biopsy cores per milliliter of prostate tissue.

For biopsy operators, the ability to accurately identify abnormal prostate lesions by preoperative MRI and intrao-
perative ultrasound, as well as to determine the number of puncture needles to be performed, is the only protocol that can 
be subjectively decided or improved to improve diagnostic accuracy. How to determine the number of puncture needles is 
particularly important. The purpose of this study is to explore whether the number of puncture needles can be determined 
according to the biopsy density. There is currently no research on the application of prostate biopsy density in predicting 
prostate cancer under the cognitive and systematic biopsy. Therefore, this study aims to explore the value of prostate 
biopsy density in diagnosing prostate cancer under the cognitive and systematic biopsy to provide better guidance for 
clinical treatment.

Patients and Methods
Patients
A retrospective analysis was conducted on the clinical data of 204 patients who underwent prostate biopsy in our hospital 
from 2022 to 2023. The criteria for prostate biopsy were PSA level >4 ng mL−1 and/or abnormal findings on digital rectal 
examination (DRE), transrectal ultrasound (TRUS), or prostatic multiparameter magnetic resonance imaging (mpMRI). 
All patients underwent transrectal ultrasound-guided prostate biopsy and had pathological diagnosis results. Patients with 
previous history of prostate cancer, hormonal manipulation, documented urinary tract infection, acute or chronic bacterial 
prostatitis, previous prostate surgery, recent 5-alpha-reductase inhibitors use and any condition that may affect serum 
PSA level were not included. The prostate mpMRI examination was completed for all patients before surgery, and the 
imaging diagnosis report was reviewed independently by two radiologists, and reviewed by a third senior radiologist in 
case of disagreement. This study was approved by the Ethics Committees of Ningxia Medical University General 
Hospital. This study was conducted in accordance with the Declaration of Helsinki. All patients enrolled in the study 
provided informed consent.

Methods
All biopsies were performed by 2 experienced urologists. All patients underwent ultrasound-guided transperineal prostate 
biopsy using an ultrasound system and an 18G automatic biopsy gun with a 10+X core approach (X means the additional 
number of biopsy needles under cognitive fusion, The number of X is usually 1–3 in our study). Procedure: 
Preoperatively, the perineal area was prepared, and patients assumed the lithotomy position. The puncture site was 
disinfected and draped, and local anesthesia was achieved using lidocaine. After inserting the ultrasound probe, lidocaine 
was injected bilaterally at the base of the prostate for nerve block anesthesia. Once successful anesthesia was confirmed, 
free-hand biopsy was performed using an automatic biopsy gun with 10 cores: 3 cores from each side of the peripheral 
zone, 1 core from each transition zone, and 1 core from each apex. Additional cores were taken at abnormal nodules 
identified on preoperative MRI and real-time ultrasound imaging. It is generally believed that the abnormal part of the 
peripheral zone often occurs asymmetrically on MRI, with low signal on T2 sequence and high signal on DWI, and can 
often be distinguished from the normal shape. According to this abnormal change, additional biopsy is performed in 
combination with real-time ultrasound. In our studies, additional biopsies with 1 to 3 needle counts are usually 
performed. After the procedure, disinfection and compression were applied, and the perineum was bandaged. The biopsy 
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specimens were placed in formalin solution for pathological examination, and the pathological sections were examined 
by two independent pathologists.

Data Collection and Analysis Data
Analysis was performed using IBM SPSS (Version 22.0) and MedCalc(Version 22.021). Our study collected data 
including age, PSA, fPSA, prostate volume (PV), number of biopsy cores, PSAD, prostate imaging reporting and data 
system (PI-RADS) 2.1 score. Data were presented as mean± standard deviation (s.d.) or median (interquartile range 
[IQR]) for continuous proportional and categorical variables, respectively. The Student’s t-test for independent samples 
was used in order to compare the two groups of patients with cancer (positive biopsy) and those without (negative 
biopsy). Pearson’s Chi-square test or Fisher’s exact test was used to compare PI-RADS 2.1 score between the groups. 
Binary logistic regression was used to identify risk factors for positive biopsy results. Area under the receiver operating 
characteristic (ROC) curves (AUCs) were used to calculate the efficacy of each indicator for positive biopsy results, and 
the AUCs of each clinical indicator were compared using the Z-test. The threshold value of biopsy density was 
determined using the Youden index. A p-value <0.05 was considered statistically significant.

Results
General Information
Among the 204 patients, mean patient age was 67 years old (IQR was 62.00–72.25), and the mean PSA level was 12.7 
ng mL−1 (IQR was 7.99–19.30). Sixty-six patients (32.35%) were diagnosed with prostate cancer. Table 1 provides 
a detailed summary of the comparison of general information, serology results, and prostate MRI parameters between the 
non-PCa and PCa groups. There were significant differences between the non-PCa group and the PCa group in terms of 
patient age, tPSA, F/T ratio, PSAD, PV, biopsy density, and PI-RADS 2.1 score. The biopsy density was significantly 
higher in the PCa group compared to the non-PCa group (0.245 vs 0.187; P = 0.001).

Univariate and Multivariable Logistic Analysis of Risk Factors for PCa
Univariate logistic analysis was performed on the preoperative clinical data to determine the risk factors for PCa. The 
results showed that age, tPSA, F/T ratio, PSAD, PV, biopsy density, and PI-RADS 2.1 score were all significant risk 
factors for PCa (P<0.05), as shown in Table 2.

Table 1 Comparison of General Information Between the Non-PCa and PCa 
Groups

Variable Non-PCa Group  
(n=138)

PCa Group  
(n=66)

P-value

Age (year) 65.902±7.529 69.892±7.531 0.001

tPSA (ng mL−1) 13.107±8.766 21.009±12.738 <0.001
F/T ratio 0.182±0.079 0.145±0.075 0.002

PSAD (ng mL−2) 0.226±0.239 0.489±0.352 <0.001

PV (mL) 71.213±37.266 53.576±37.192 0.002
Core number 11.841±0.769 11.833±0.883 0.952

Biopsy density (needle mL−1) 0.187±0.110 0.245±0.099 0.001

PIRDAS 2.1 (n) <0.001
Score 1 7 0

Score 2 29 5

Score 3 44 12
Score 4 43 20

Score 5 15 29

Note: Data are expressed as mean ± standard deviation.
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After performing univariate logistic regression analysis on all clinical parameters, the statistically significant clinical 
parameters were included in the multivariable binary logistic regression analysis. To avoid the interaction of data in the 
regression, tPSA and prostate volume were excluded in this study. The multivariable logistic regression analysis results 
showed that age, PSAD, biopsy density, and PI-RADS 2.1 score were independent predictors of positive biopsy results 
for PCa, whereas the F/T ratio (P = 0.059) was excluded. Finally, the following variables were included in the 
multivariable regression model: age, PSAD, biopsy density, and PI-RADS 2.1 score. Table 3 shows that age, PSAD, 
biopsy density, and PI-RADS 2.1 score were independent predictors of PCa (P < 0.05).

ROC Analysis of Biopsy Density Alone and in Combination with Other Clinical 
Indicators
Using binary multivariable logistic regression analysis, we first created a predictive model 1 combining age, PSAD, and 
PI-RADS 2.1 score. To assess the contribution of biopsy density to this model, we added biopsy density to create model 
2. ROC analysis showed that all indicators and both models had significant diagnostic value for prostate cancer (Table 4 
and Figure 1). The AUC of biopsy density was 0.707, with a 95% confidence interval of 0.625–0.790. The AUC of 
PSAD (0.783) was the largest among the single indicators. Model 1, which combined age, PSAD, and PI-RADS 2.1 

Table 2 Univariate Logistic Regression Analysis of Risk Factors for PCa Diagnosis

Factor B SE P-value OR 95% CI

Lower Limit Upper Limit

Age (year) 0.071 0.021 0.001 1.074 1.030 1.120

tPSA (ng mL−1) 0.068 0.015 <0.001 1.070 1.038 1.103
F/T ratio −6.618 2.245 0.003 0.001 0.000 0.109

PSAD (ng mL−2) 3.620 0.750 <0.001 37.353 8.588 162.473

PV (mL) −0.016 0.005 0.003 0.984 0.974 0.995
Biopsy density (needle mL−1) 5.007 1.557 0.001 149.443 7.062 3162.277

PI-RADS 2.1 (n) <0.001

Score 1 Baseline

Score 2 −0.811 1.273 0.524 0.444 0.037 5.387
Score 3 0.539 1.170 0.645 1.714 0.173 16.984

Score 4 0.668 1.151 0.561 1.951 0.205 18.616

Score 5 2.148 1.164 0.065 8.571 0.876 83.908

Table 3 Multivariable Logistic Regression Analysis of Risk Factors for PCa Diagnosis

Factor B SE P-value OR 95% CI

Lower Limit Upper Limit

Age (year) 0.114 0.03 <0.001 1.120 1.055 1.189

F/T ratio −5.582 2.957 0.059 0.004 0 1.238

PSAD (ng mL−2) 2.287 1.102 0.038 9.850 1.137 85.348
Biopsy density (needle mL−1) 5.999 2.512 0.017 403.190 2.935 55,379.153

PI-RADS 2.1 (n) 0.027

Score 1 Baseline

Score 2 −1.152 1.372 0.401 0.316 0.021 4.647

Score 3 −0.136 1.273 0.915 0.873 0.072 10.587

Score 4 0.027 1.250 0.983 1.027 0.089 11.902
Score 5 1.213 1.272 0.340 3.363 0.278 40.684

Constant −9.415 2.534 <0.001
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score, had better predictive value for PCa compared to each single indicator. Model 2, which added biopsy density, had 
a larger AUC (0.857) compared to model 1, indicating that the addition of biopsy density improved the predictive value 
of the model. The AUCs of both model 1 and model 2 were significantly higher than that of PSAD alone, but there was 
no statistically significant difference in predictive value between model 1 and model 2.

Partial Cutoff Values of Biopsy Density
We have listed the partially truncated values of biopsy density and their characteristics (Table 5). Using the Youden 
index, a cutoff value of approximately 0.22 needle mL−1 was determined for biopsy density. Under this threshold, the 
sum of the corresponding specificity and sensitivity reaches the maximum. The Youden index was 0.38, with a sensitivity 
of 0.636 and specificity of 0.744. At this cutoff value, the positive predictive value was 56% and the negative predictive 

Table 4 ROC Analysis of Various Indicators and Two Predictive Models

Factor AUC SE P-value 95% CI of AUC

Age 0.631 0.043 0.004 0.546–0.716
PSAD 0.783 0.036 <0.001 0.713–0.854

PI-RADS2.1 score 0.713 0.041 <0.001 0.634–0.793

Biopsy density 0.707 0.042 <0.001 0.625–0.790
Age+PSAD+PI-RADS (Model 1) 0.839 0.031 <0.001 0.779–0.899

Age+PSAD+PI-RADS+Biopsy density (Model 2) 0.857 0.029 <0.001 0.801–0.913

Figure 1 The ROC curves of various indicators and two predictive models.
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value was 81.395%. However, in our study population, as the biopsy density increased, the positive predictive value did 
not increase significantly, indicating that biopsy density is only a relevant factor and not a determining factor.

Discussion
Prostate cancer is one of the most common malignancies in men,10 and prostate biopsy has long been considered the gold 
standard for its diagnosis. Prostate-specific antigen (PSA) has been widely used as a screening tool for prostate cancer. 
However, PSA is an organ-specific but not cancer-specific serum marker. As a result, increased PSA levels are not 
exclusive to prostate cancer but can also occur in prostate enlargement, inflammation, or other non-malignant conditions. 
This lack of specificity of PSA leads to an overdiagnosis of prostate cancer and unnecessary biopsies. In recent years, 
pre-biopsy MRI has become particularly important for early detection of prostate cancer.11 With the advancements in 
imaging technology, targeted biopsies guided by multiparametric MRI have been shown to detect many tumors with 
a Gleason score of 7 or higher.12 However, for patients with a high clinical suspicion of prostate cancer but no visible 
lesions on mpMRI, systematic biopsy of the prostate is still necessary. Baco et al6 published the results of a randomized 
controlled trial in the European Urology journal, suggesting that the detection rates of clinically significant prostate 
cancer with a 2-core targeted biopsy and a 12-core systematic biopsy were comparable. However, targeted biopsy alone 
may miss approximately 10% of clinically significant prostate cancer. Therefore, finding new parameters or adjusting 
existing ones to improve the accuracy of PCa prediction models has been widely explored.

Previous transperineal prostate biopsies were limited by the systemic saturation of the puncture biopsy method, which not 
only consumed a significant amount of time, but also incurred considerable expenses in terms of equipment and pathological 
examination, while simultaneously increasing the risk of puncture-related complications.13 However, TPB can now be 
performed under local anesthesia without the need for general anesthesia.14 TPB through the perineal approach does not 
require bowel preparation before the procedure. The incidence of complications such as urethral damage, infection, and 
bleeding is relatively low compared to the transrectal approach.15,16 Compared to transrectal biopsy (TRB), transperineal 
biopsy under ultrasound guidance allows for more precise targeting, enabling a more comprehensive sampling of all prostate 
regions, especially lesions in the apex and anterior regions.17 Therefore, transperineal biopsy often achieves a higher positive 
rate.18 It has been reported that TPB is better integrated with MRI compared to TRP.19–21

A previous study9 proposed the concept of biopsy density, defined as the number of cores divided by the prostate 
volume, as a comprehensive indicator to guide the selection of the number of biopsy cores per milliliter of prostate tissue. 
Previous studies on biopsy density mainly focused on systematic biopsy, and the conclusions were mostly based on the 
increase in biopsy density and its association with increased cancer detection rates. However, with the widespread use of 
mpMRI, the current recommendation is to combine systematic and targeted biopsies.22 In this approach, the precise 
determination of the number of our puncture needles has emerged as a novel challenge, with clinical practice aspiring to 
achieve the least number of missed diagnoses using the minimal number of needles. Consequently, we have conducted an 
investigation into the contribution of biopsy density to the cancer detection rate.

Our study used binary logistic regression analysis to suggest an association between biopsy density and positive 
biopsy results. The results of the univariate regression analysis showed that age, PI-RADS 2.1 score, tPSA, F/T ratio, PV, 

Table 5 Different Cutoff Values of Biopsy Density

Biopsy Density 
(Needle mL−1)

Sensitivity Specificity Youden 
Index

Positive 
Predictive 

Value

Negative 
Predictive 

Value

0.1005 0.939 0.155 0.094 36.471 88.235

0.1500 0.818 0.442 0.260 42.857 84.615
0.1871 0.712 0.612 0.324 48.453 82.243

0.2199 0.636 0.744 0.380 56.000 81.395

0.2492 0.439 0.814 0.253 54.717 75.497
0.3006 0.273 0.884 0.157 54.546 71.930
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PSAD, and biopsy density were all risk factors for prostate cancer detected by ultrasound-guided biopsy. However, 
simple univariate analysis only provides a preliminary understanding of the relationship between variables and the risk of 
prostate cancer development. It does not consider the combined effects of variables. Therefore, the statistically significant 
clinical parameters from the preliminary screening were included in the multivariable regression analysis. The results 
showed that age, PSAD, biopsy density, and PI-RADS 2.1 score were independent risk factors for PCa. The ROC 
analysis revealed a cutoff value of approximately 0.22 needle mL−1 for biopsy density, with a sensitivity of 0.636, 
specificity of 0.744, positive predictive value of 56%, and negative predictive value of 81.395%. Stone et al9 found that 
a biopsy density greater than 1.5 cores per milliliter could increase the detection rate of prostate cancer through 
transperineal mapping biopsy. The critical value of biopsy density (BD) obtained in our study is significantly lower 
than this threshold, considering the lower PSA levels and excessive number of cores used in the patients included in their 
study. Additionally, we believe that with the widespread use of cognitive fusion with multi-parametric magnetic 
resonance imaging (mpMRI), a lower biopsy density is sufficient to achieve a higher specificity in detection rates. 
Furthermore, in our study cohort, as biopsy density increased, the positive predictive value did not significantly improve. 
We consider biopsy density itself to be a related factor rather than a determining factor in disease occurrence.

However, the AUC of biopsy density alone (0.707) is not satisfactory and is lower than the commonly used indicator PSAD 
(0.783). This indicates that if there are no specific risk factors, such as high PSA levels or suspicious areas on MR images, 
increasing the biopsy density and the number of biopsy cores may not be a wise decision. Hypothetically, when combining the 
independent risk factors for prostate cancer, age, PSAD, and PI-RADS 2.1 score, adding biopsy density to the model may improve 
the diagnostic value for PCa. The ROC analysis results showed that both the individual indicators and the two models had 
significant diagnostic value for prostate cancer (Table 4). The AUC of biopsy density was 0.707, with a 95% confidence interval of 
0.625–0.790. The AUC of PSAD (0.783) was the largest among the single indicators. Model 1, which combined age, PSAD, and 
PI-RADS 2.1 score, had better predictive value for PCa compared to each single indicator. Model 2, which added biopsy density, 
had a larger AUC (0.857) compared to model 1, indicating that the addition of biopsy density improved the predictive value of the 
model. Although the AUCs of model 1 and model 2 were significantly higher than that of PSAD alone, there was no statistically 
significant difference in predictive value between model 1 and model 2. However, it should be noted that the difference in 
predictive value between model 1 and model 2 may not have statistical significance due to the limited sample size.

There are several limitations to our study. First, it is a retrospective study and not a prospective trial with biopsy 
density predetermined before the biopsy. This may introduce selection bias, as the variation in core numbers was not 
significant in our study. We intend to conduct a randomized controlled trial based on the optimal biopsy density values 
obtained to validate the results of this study. Second, the number of patients with prostate cancer was relatively small, and 
further analysis is needed to understand the relationship between biopsy density and cancer detection. In our study, we 
selected a wide range of PSA levels (4–50 ng mL−1) and did not stratify the analysis based on PSA levels, PI-RADS, or 
prostate volume, which could be influenced by various confounding factors. Also, we implement cognitive fusion 
puncture instead of MRI fusion technology, which may bring errors because of individual differences of doctors.

Conclusion
Our data suggest that biopsy density is associated with positive biopsy results and the detection of prostate cancer, with 
a cutoff value of approximately 0.22 needle mL−1. Under the cognitive and systematic biopsy, excessively increasing 
biopsy density may not be a wise decision. Biopsy density can be included in a predictive model along with other clinical 
parameters to significantly improve the ability to predict prostate cancer and reduce unnecessary biopsy cores.
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