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Background

In patients with multiparameter magnetic resonance imaging (mpMRI) low-possibility but highly clinical suspicion of prostate cancer, the biopsy core is unclear. Our study aims to introduce the biopsy density (BD; the ratio of biopsy cores to prostate volume) and investigates the BD-predictive value of prostate cancer and clinically significant prostate cancer (csPCa) in PI-RADS<3 patients.



Methods

Patients underwent transperineal template–guided prostate biopsy from 2012 to 2022. The inclusion criteria were PI-RADS<3 with a positive digital rectal examination or persistent PSA abnormalities. BD was defined as the ratio of the biopsy core to the prostate volume. Clinical data were collected, and we grouped the patients according to pathology results. Kruskal–Wallis test and chi-square test were used in measurement and enumeration data, respectively. Logistics regression was used to choose the factor associated with positive biospy and csPCa. The receiver operating characteristic (ROC) curve was used to evaluate the ability to predict csPCa.



Results

A total of 115 patients were included in our study. Biopsy was positive in 14 of 115 and the International Society of Urological Pathology grade groups 2–5 were in 7 of all the PCa patients. The BD was 0.38 (0.24-0.63) needles per milliliter. Binary logistics analysis suggested that PSAD and BD were correlated with positive biopsy. Meanwhile, BD and PSAD were associated with csPCa. The ROC curve illustrated that BD was a good parameter to predict csPCa (AUC=0.80, 95% CI: 0.69-0.91, p<0.05). The biopsy density combined with PSAD increased the prediction of csPCa (AUC=0.90, 95% CI: 0.85-0.97, p<0.05). The cut-off value of the BD was 0.42 according to the Youden index.



Conclusion

In PI-RADS<3 patients, BD and PSAD are related to csPCa. A biopsy density of more than 0.42 needles per millimeter can increase the csPCa detection rate, which should be considered as an alternative biopsy method when we perform prostate biopsy in patients with PI-RADS<3.
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Background

Multiparametric MRI (mpMRI) is an important tool for detecting prostate cancer. With the prostate imaging reporting and data system (PI-RADS) proposed and developed by the European Society of Uroradiology\, this system acts a non-negligible role. However, mpMRI misses 50% of tumor foci (1) and some regions of prostate cancer lesions are invisible in mpMRI (2). For those mpMRI low-possibility but highly clinical suspicion of prostate cancer patients, transperineal template-guided prostate biopsy is necessary.

The biopsy core is an important clinical parameter. Before the PI-RADS was proposed, the Vienna nomogram was constructed to determine the number of biopsy specimens based on the prostate volume and age (3). Nowadays, for those patients with mpMRI low-possibility but highly clinical suspicion of prostate cancer, the biopsy core varies from different institution, and the optimal number of biopsy specimens for PI-RADS<3 patients is unknown. Can the biopsy core be minimized while maximizing the detection rate of prostate cancer? In this paper, we introduce a clinical parameter: biopsy density (BD) (4) (definition: the ratio of the biopsy core to the prostate volume). We tried to optimize the biopsy strategy for PI-RADS<3 patients.



Materials and Methods


Study Population

This study is a retrospective analysis of patients who underwent transperineal template-guided prostate biopsy in the Department of Urology, Northern Jiangsu People’s Hospital from May 2012 to April 2022. The inclusion criteria are as follows: 1. patients with PI-RADS<3 and 2. digital rectal examination (DRE) finding nodules or persistent prostate-specific antigen (PSA) >4 ng/ml. Meanwhile, the exclusion criteria are as follows: 1. Patients with prior biopsy; 2. patients with a prior diagnosis of prostate cancer; and 3. patients with incomplete clinical data. Meeting any of the above was excluded (Figure 1).




Figure 1 | Flowchart of MRI low-possibility patients with positive DRE or persistent PSA >4 ng/ml.





Method

Before prostate biopsy, DRE and PSA were examined in outpatient service and patients with positive DRE or PSA>4 ng/ml were suggested to perform mpMRI, which was a 3.0-T MR scanner (Signa HDxt; GE Medical Systems, Milwaukee, WI, United States) including T1-weighted images (T1WIs), T2-weighted images (T2WIs), dynamic contrast enhancement (DCE), diffusion-weighted imaging (DWI), and apparent diffusion coefficient (ADC). All mpMRI images were evaluated by one experienced radiologist without the knowledge of patients’ information. The radiologist scored all the patients’ mp-MRI according to PI-RADS v2 (5). For patients with a PI-RADS score 1–2, we performed 14 regions systemic biopsy.

The patient was placed in a lithotomy position, and the biplanar TRUS probe (Flex Focus 1202 rectal ultrasound; BK, Naerum, Denmark) was fixed to the stepper and placed into the rectum. According to the anatomical characteristics of the prostate, the prostate was divided into two planes and 14 regions (Figure 2). We performed 1–4 cores in every region using an 18 gauge biopsy device (MC1820; BARD, New Jersey NJ, United States) according to the prostate volume under the real-time monitoring of ultrasound.




Figure 2 | 14 regions of transperineal template–guided prostate biopsy. (A) Transverse plane of the prostate base. 1: Right anterior region; 2: right lateral middle region; 3: right middle region; 4: right posterior-lateral horn region; 5: right back region; 6: left back region; 7: left posterior lateral horn region; 8: left middle region; 9: left lateral middle region; 10: left anterior region. (B) Sagittal plane of the prostate. (C) Transverse plane of the prostate apex. 11.1: Right anterior region; 11.2: right back region; 11.3: left back region; 11.4: left anterior region.



After prostate biopsy, all pathological sections were reported by the same pathologist of Northern Jiangsu People’s Hospital according to the Gleason score and International Society of Urological Pathology (ISUP) grade: Grade Group (GG) 1 (Gleason score ≤ 6); GG 2 (Gleason score 3 + 4 = 7); GG 3 (Gleason score 4 + 3 = 7); GG 4 (Gleason score 4 + 4 = 8; 3 + 5 = 8; 5 + 3 = 8); and GG 5 (Gleason scores 9-10) (6). Clinically significant prostate cancer was defined as Gleason score 3 + 4 = 7 and higher (≥ISUP GG 2) (7). Simultaneously, biopsy cores were counted in terms of the actual number of tissue specimens obtained at the pathology department of Northern Jiangsu People’s Hospital after the biopsy. The length, width, and height of the prostate were measured strictly according to the method proposed by PI-RADS v2, and the prostate volume was calculated according to the ellipsoidal volume formula: length * width * height * 0.52.



Statistical Analysis

SPSS (version 19.0; IBM Corp, Armonk, NY, United States) statistical software was used for data analysis. Age, PSA, prostate volume, biopsy cores, PSA density (PSA density, PSAD), BD, and pathology data were collected. Data were described using X ± S if they obeyed a normal distribution and t-test was used; if they did not obey a normal distribution, they were described using M(Q1, Q3) and a nonparametric test was used. All clinical parameters did not conform to the normal distribution, so we used M (Q1, Q3) to describe measurement data. The chi-square test was used for enumeration data. In this study, patients were divided into the negative biopsy group and positive group according to biopsy results; all the patients were classified into the non-clinically significant prostate cancer (non-csPCa) group and csPCa group according to the definition of csPCa in terms of the pathological results. Non-csPCa included biopsy- negative and ISUP GG 1 PCa patients. Binary logistic regression was used to determine the risk factors for Pca and csPCa. The area under the curve of the receiver operating characteristic curve (ROC) was calculated to evaluate the ability of the BD to predict PCa and csPCa. A threshold value for the BD was found using the Youden index. A two-tailed P-value <0.05 was used to indicate statistical significance.



Result

A total of 115 patients were included in this study. Age was 66(60-73) years, with a PSA of 8.03(5.9-11.83) ng/ml, prostate volume of 56(40-85) ml, biopsy core of 21(15-27), and PSA density (PSAD) of 0.13(0.08-0.25) ng/ml/ml. Biopsy results were positive in 14/115 (12.17%) and ISUP GG 2–5 patients were in 7/115 (6.09%). The BD was 0.38 (0.24-0.63).

We counted the biopsy cores in each of the 14 regions. The average number in region 1 was 1.5 (1~2) core, 2 (1~2) cores in region 2, 2 (1~2) cores in region 3, 2(1~2) cores in region 4, 2 (1~2) cores in region 5, 2 (1~2) cores in region 6, 2 (1~2) cores region 7, 2 (1~2)cores in region 8, 2 (1~2) cores in region 9, 2 (1~2) cores in region 10, and 2(2~4) cores in region 11 of 4 subregions.The biopsy-positive rates for each region were 4.35% for region 1, 3.45% for region 2, 5.22% for region 3, 2.61% for region 4, 3.45% for region 5, 4.35% for region 6, 3.45% for region 7, 2.61% for region 8, 2.61% for region 9, 2.61% for region 10, and 5.21% for region 11 of 4 subregions (Figure 3). The chi-square test suggested that the positive rates of each region were not statistically significant (p>0.05), as well as the csPCa detection rate.




Figure 3 | PCa detection rate of each region.



The baseline data of the negative- and positive-biopsy groups and baseline information in the csPCa and non-csPCa groups were as follows (Tables 1, 2). The age, PSA, and biopsy core did not differ between the groups (P > 0.05). Patients in the biopsy-positive group had higher PSAD and BD compared with those in the biopsy-negative group (P < 0.05). Patients in the csPCa group had higher PSAD and BD compared with those in the non-csPCa group (P < 0.05).


Table 1 | Comparison of baseline information of patients in the biopsy-positive and negative groups.




Table 2 | Comparison of baseline information of patients with csPCa and non-csPCa groups.



All clinical parameters were first analyzed separately using univariate analysis of logistics, and then statistically significant clinical parameters were included in a binary logistic regression comparing the negative and positive groups separately (Table 3). The biopsy density and PSAD were found to be associated with a positive biopsy result. Meanwhile, the BD and PSAD were correlated with csPCa in the non-csPCa and csPCa groups (Table 4).


Table 3 | Results of binary logistic regression analysis (biopsy-negative group vs. biopsy-positive group).




Table 4 | Results of binary logistic regression analysis (csPCa group vs. non-csPCa group).



We plotted the ROC curve of a positive biopsy using PSAD and the BD (Figure 4). The BD (AUC=0.74, 95% CI:0.64-0.85, p<0.05) was associated with PCa detection and, when combined with PSAD (AUC=0.64, 95% CI:0.48-0.80, p<0.05), had a higher predictive value. We plotted the ROC curve of csPCa detection using the BD and PSAD (Figure 5), and the BD (AUC=0.80, 95% CI:0.69-0.91, p<0.05) had a high predictive value for csPCa. The biopsy density combined with PSAD increased the prediction of csPCa (AUC=0.90, 95% CI:0.85-0.97, p<0.05). The threshold value of the BD was determined using the Youden index as 0.42 needles per milliliter.




Figure 4 | ROC curve of positive biopsy using age, PSAD, BD, and age+BD+PSAD.






Figure 5 | ROC curve of csPCa using PSAD, BD and BD+PSAD.





Discussion

Prostate cancer is the most prevalent malignancy of men in Europe and the United States (8). Prostate biopsy has been the gold standard for the diagnosis of prostate cancer. Transperineal template–guided biopsy can reach the anterior areas of the prostate and can operate more cores to achieve a greater cancer detection rate (9). With the development of imaging techniques and the introduction of PI-RADS, prostate biopsy is now mainly used in targeted biopsy with several needles for PI-RADS 4-5 patients; biopsy was operated as exhaustive as possible for patients with PI-RADS 1-2 but with a highly clinical suspicion of PCa. PIRADS 3 was a “gray zone.” It did not show statistical difference in the cancer detection rate of PCa or csPCa for PI-RADS 3 patients who underwent target biopsy versus those with a systematic biopsy (10). Considering that a PI-RADS 3 lesion was defined as an equivocal lesion, previous research (11) has suggested that PSAD should be combined to decide whether to operate biopsy for PI-RADS 3 patients.

It was hard to distinguish the prostate cancer from other diseases using mpMRI. A total of 115 patients with PI-RADS 1-2 but with a highly clinical suspicion of prostate cancer were included in our study. Approximately 14 patients were PCa, 7 of which were csPCa, and the rest (101 patients) mostly had a pathological diagnosis of lymphocytic infiltration or benign prostatic hyperplasia(BPH). In fact, it had difficulty to differentiate between prostate cancer and prostatitis, since prostatitis can mimic cancer on MRI due to an overlap of signal alterations between these two entities. Both entities could show a decrease of citrate and an increase of choline on magnetic resonance spectroscopy (MRS). Research suggested that the mpMRI ADC sequence ≥900 mm2/s was a good indicator to distinguish prostatitis from prostate cancer (12). BPH and prostate cancer were difficult to differentiate and often coexisted. Most cancers arised in prostates with concomitant BPH (83.3%), and cancer was incidentally found in a significant number of transurethral prostatectomy (TURP) specimens (10%) (13). Actually, BPH was rated as 2 in the PI-RADS assessment for T2W for the transition zone (5). It had reported that BPH in large prostates may be protective of PCa and 12–16- core biopsy in larger prostates may be more likely missing the cancer lesion (14). It was proposed that the use of a 5α-reductase inhibitor may improve the CDR of PCa. A short-term pretreatment of prostate surgery with a dual 5α-reductase inhibitor decreased blood loss in a large prostate (15) and resulted in a reduction in the total prostate volume, which could, in theory, enhance prostate cancer detection by reducing the benign component of the gland (16).

We found that the prostate volume was statistically significant in each group of our study. Previous research had reported that the prostate volume was inversely correlated with prostate cancer detection (14, 17). Choosing a biopsy strategy in terms of the prostate volume had been suggested in the prostate biopsy. A biopsy strategy of at least 8 cores was performed for patients with a prostate volume <30 ml, and for patients with a prostate volume >30 ml, at least 12 cores were performed (18). Then, a Vienna nomogram based on the prostate volume and age were constructed to determine biopsy cores for a higher positive biopsy-positive rate (3). However, Leitão et al. (19) compared a Vienna nomogram-guided prostate biopsy with a 10-core systematic biopsy and revealed no significant differences in the cancer detection rate with 42.6% vs. 38.4% (P =0.705). Differed from the cancer detection rate above, an Asian country (20) reported a detection rate of 20.5% using the Vienna nomogram but noted that there was no significant difference from the laterally directed sextant and octant biopsy methods (17.6%).

In the era of target biopsy, it existed as controversial to perform the biopsy in patients with an MRI low-possibility of prostate cancer. The PRECISION study (21) suggested that prostate biopsy can be ignored if mpMRI reports were negative. The PROMIS (22), a prospective, multi-center, paired-cohort, confirmatory study, chose transperineal-guided prostate mapping (TPM) biopsy as a gold standard comparing TRUS biopsy with mp-MRI and concluded that mpMRI could avoid an overdiagnosis of prostate biopsy in a quarter of patients. However, in this study, we could not deny that prostate biopsy showed better specificity and a positive predictive value. In PROMIS, out of 158 patients with an mpMRI diagnosis of non-significant cancer 17 had a TPM diagnosis of csPCa. The mainstream view was that biopsy was not negligible. The European multicenter study MRI-FIRST (23), which included 275 biopsy-naive patients, performed biopsy after mpMRI and concluded that mpMRI combined with systemic biopsy improved the cancer detection rate and MRI could not replace biopsy. A single-center PICTURE study (24) evaluated mpMRI versus biopsy in repeat biopsy patients and concluded that mpMRI missed a portion of csPCa. In addition, novel diagnostic tools could assist the diagnosis of PCa. Artificial intelligence (AI), through the machine learning (ML) and deep learning (DL) model to teach computers to learn by example, was applied to diagnostic imaging. It showed better specificity and sensitivity combined with PI-RADS v2 in the detection of prostate lesions (25). SelectMDx was another biomarker-based risk score tool for PCa, and it had demonstrated superior specificity compared with mpMRI. SelectMDx was advised to perform after an initial negative mpMRI to avoid unnecessary biopsy (26).

PSAD was associated with csPCa, and BD combined with PSAD could increase the csPCa detection rate in our result. In fact, it had been reported that the PSA density was correlated with csPCa detection, and lower PSAD offered the avoidance of prostate biospy in MRI-negative patients in many studies (11, 27, 28). The PSA density was an important indicator for deciding whether to perform prostate biopsy in MRI-negative patients. However, it was unknown how many cores were needed to perform prostate biopsy in patients who were MRI negative but require prostate biopsy based on the results of the PSA density. The Vienna nomogram or prostate volume application in this group of patients was not found to have an advantage. In our study, we introduced the BD, which was originally proposed in TPM biopsy. Mortezavi et al. (29) evaluated 415 men who underwent mpMRI followed by TPM. Of those without a suspicious lesion on MRI, 32 (25.8%) were found to have csPCa on TPM. Nakai et al. (30) first performed the one-needle-per-milliliter biopsy method (BD1) for patients with repeat biopsy and showed a cancer detection rate of 51.5%. Then, Stone et al. (4) first defined the BD. He systematically analyzed biopsy-naïve and repeat-biopsy patients’ data and suggested that a BD of more than 1.5 needles per milliliter increased the csPCa detection rate. Differed from Nakai and Stone, in our study, we focused on a patient with PIRADS <3 and brought the BD to a 14-region transperineal template-guided biopsy (rather than TPM) and found a threshold value of the BD.

We used binary logistics regression to find that the BD was associated with the detection of csPCa. Prostate biopsy can be broadly divided into two strategies. The first was <20 cores of prostate biopsy. Bo-Ren Wang et al. (31) performed 18- and 14-core transperineal biopsy randomly in repeat-biopsy patients and the cancer detection rate was 33.1% vs. 17.6% with an average prostate volume of 48.80 (BD0.37) vs. 45.65 (BD0.31). Ying-Hao Sun et al. (32) divided the prostate into 20 regions and performed one needle per region. In 216 biopsy-naive patients with a cancer detection rate of 35.4%, the mean prostate volume was 39.88 ml, and the BD was 0.5 needles per milliliter. The second was saturation biopsy: >20 cores of prostate biopsy. Taira et al. (33) performed a transperineal template–guided saturation prostate biopsy in 79 biopsy-naïve men (mean 55.1 cores). The biopsy density was 1.2 needles per milliliter and the CDR was 75.9%. Bittner et al. (34) reported a more exhaustive saturation biopsy with TPM in binaïvenaive patients, which divided the prostate into the base and apex layers and operated biopsy at 5-mm intervals using the brachytherapy grid. The cancer detection rate achieved 78.2% with mean needles of 63.1 (BD=1.7). It was evident from the above study that regardless of the biopsy strategy was the <20 core of prostate biopsy or >20 cores; the prostate cancer detection rate increased with the increasing BD. In our research, we further analyzed PI-RADS <3 patients and found that the csPCa detection rate increased with increasing BD. It was concluded that BD of more than 0.42 needles per milliliter had a higher detection rate of csPCa according to the Youden index and BD (AUC=0.70, 95% CI:0.60-0.80, p<0.05) combined with PSAD was a better predictor of csPCa according to the ROC curves (AUC=0.90, 95% CI:0.85-0.97, p<0.05).

There are some shortcomings in this study. First, it is a retrospective study, which is prone to selection bias; second, the amount of csPCa patients is few, more patients and multi-center studies are in progress. Then, in prostate biopsy, the number of cores was probably determined by the biopsy experience of the operator, PSA level, prostate volume, and other factors without an exact standard for the drawback of a retrospective study. We will validate it in our further study.

In conclusion, the BD is related to csPCa. In PI-RADS<3 patients, BD and PSAD are related to csPCa. A biopsy density of more than 0.42 needles per milliliter can increase the csPCa detection rate, which should be considered as an alternative biopsy method when we perform prostate biopsy in patients with PI-RADS<3.
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