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and Qiang Wei1*
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Sichuan, China, 3West China School of Medicine, Sichuan University, Chengdu, Sichuan, China,
4Department of Nursing, Xiufeng Community Health Service Center, Guilin, Guangxi, China
Background: To evaluate unilateral systematic biopsy (SB) combined with

targeted biopsy (TB) and assess its diagnostic accuracy in a real-world, single-

centre setting.

Methods: Patients with ≥1 MRI lesion who underwent both transperineal 12-core

and 3-core TB were enrolled in this study. Detection rates for total prostate

cancer (PCa) and clinically significant PCa (csPCa) were compared between TB,

unilateral SB+TB, and SB+TB. Pathological consistency was assessed using the

kappa test, and logistic regression was used to identify potential predictors.

Results: A total of 250 men were enrolled, of which 126 (50.4%) and 103 (41.2%)

exhibited total PCa and csPCa, respectively. Compared to SB+TB, ipsilateral SB

combined with TB (ips-SB+TB) had a comparable csPCa detection rate (99/250

vs 103/250, p=0.125), while fewer clinically insignificant PCa were detected (17/

250 vs 23/250, p=0.031). In addition, ips-SB+TB demonstrated superior

sensitivity for csPCa (96.1%) with an AUC of 0.98. The ips-SB+TB had a

significantly higher positive core rate than SB+TB (472/2244 vs. 563/3744,

p<0.001). Moreover, ips-SB+TB also had a high consistency of Gleason grade

compared to SB+TB (Kappa=0.89). In the multi-lesion cohort, ips-SB+TB also

had a comparable csPCa detection rate compared to SB+TB (63/128 vs. 67/

128, p=0.125).

Conclusions: In conclusion, our study showed that ips-SB+TB was comparable

to SB+TB in detecting csPCa. The results of this study provide valuable insight

into the potential of ips-SB+TB as an alternative to SB+TB.
KEYWORDS

prostate cancer, prostate biopsy, multiparametric magnetic resonance imaging
utilization, unilateral index lesion, regional biopsy
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1 Introduction

Prostate cancer (PCa) is one of the most common malignancies

and the second leading cause of cancer-related deaths among men

(1). However, the diagnosis of PCa requires complete biopsy of the

entire organ, rather than just the lesion identified on imaging,

because of the overlap between the appearance of benign and

malignant lesions on imaging, leading to an increased risk of

overtreatment (2). The utilization of multiparametric magnetic

resonance imaging (mpMRI) and the adoption of the Prostate

Imaging Reporting and Data System version 2.1 (PI-RADS v2.1)

criteria have transformed the diagnosis of PCa, aiding in the

detection and localization of PCa and significantly improving the

detection rate of clinically significant PCa (csPCa) (3–5). To date,

MRI/ultrasound (US) fusion targeted biopsy (TB) is determined to

increase the detection rates of csPCa while decreasing the detection

rates of clinically insignificant PCa (ciPCa) (4–6). The combination

of systematic prostate biopsy (SB) and TB (SB+TB) leads to a higher

detection rate of PCa, demonstrating the significant added value of

both biopsy methods (5–7).

In accordance with the European Association of Urology (EAU)

guidelines for 2024, the regional biopsy (RB) concept, which

involves performing TB with perilesional sampling in patients

with PI-RADS≥4, was recommended. SB+TB which was

previously recommended, has been shown to enhance the

detection rates of PCa. However, this approach also results in

increased biopsy expenses, the detection of clinically insignificant

PCa (ciPCa), and subsequent overtreatment among patients with

low-grade PCa (3, 8, 9).

Several recent studies have investigated the potential of regional

biopsy (RBx) combined with TB regimens, including ipsilateral SB

(ips-SB) combined with TB (ips-SB+TB), contralateral SB (con-SB)

combined with TB (con-SB+TB), saturation TB as substitutes for SB

+TB. These studies have revealed that ips-SB+TB and saturation TB

with fewer cores increases detection rates of csPCa while decreasing

detection rates of ciPCa (8, 10–19). Few studies have suggested that

distant systematic biopsy cores have limited impact in detecting

csPCa and the biopsy should only be performed on the same side as

the target lesion identified on MRI. However, most of these studies

focused on single lesions and failed to use the established PI-RADS

v2.1 scoring system. The objective of this study is to evaluate the

detection rate of csPCa using different prostate sampling methods

and to confirm whether ips-SB+TB could yield similar csPCa

detection rates as SB+TB among patients with unilateral mpMRI-

visible lesions.
2 Methods

2.1 Patient selection

We retrospectively reviewed the patients who were

prospectively enrolled for prostate biopsy at our institution from

September 2022 to June 2023, and also included our prostate biopsy

database (2018-2022). We enrolled patients who had prebiopsy
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MRI visible targets. The patients who met the following inclusion

criteria were included: (1) with unilateral index lesion; (2) having a

PI-RADS v2.1 score≥3 and (3) clinical stage<T3. The exclusion

criteria were as follows: (1) Patients who performed MRI scans at

other institutions; (2) those with poor-quality MRI scans to identify

prostate; (3) patients who had received prior relevant treatments

including surgery, drug therapy, or radiotherapy before the prostate

biopsy (Supplementary Figure 1). Baseline clinical and

demographic variables included age, biopsy setting, free PSA

(fPSA), total PSA, PSA density (PSAD), prostate volume (PV)

(calculated by ellipsoid formula), maximum cancer core length,

frequency of prostate biopsy, highest PI-RADS lesion score, number

of PI-RADS lesions. Patient recruitment and informed consent were

obtained from all patients in our hospital prior to the

biopsy procedure.
2.2 Standard of reference and main
outcome

SB+TB was defined as the standard reference of the biopsy and

its pathology result was defined as the final standard reference. The

main outcomes were detection rate of PCa and sensitivity for TB,

SB, TB+SB, ips-SB+TB and con-SB+TB to detect PCa. Additionally,

the consistency of the pathology was also assessed.
2.3 Prebiopsy magnetic resonance imaging
and analysis

Before biopsy, we conducted a 3.0T mpMRI following our

institution’s protocol, which has been previously reported in

detail. The highest b-value of diffusion weighted imaging was

1,400 s/mm2. Two radiologists, with 5 and 7 years of experience

respectively on genitourinary imaging, blindly reviewed all MRI

scans according to the PI-RADS v2.1 criteria. When discrepancies

occurred, they consulted a senior radiologist (J. Yao) to reach a

consensus (20, 21).
2.4 Transperineal prostate biopsy

Prostate biopsy, which included transperineal TB and SB under

local anaesthesia of a periprostatic nerve block of 20 cc 1% lidocaine

using a 16-gauge needle (Bard biopsy system). The sonographer

who performed the TRUS-guided procedure had more than 5 years

of experience in genitourinary medicine. Before the biopsy, the

urologist and radiologist re-evaluated all MRIs to match the index

lesion, which is defined as the lesion with the highest PIRADS v2.1

score or the largest lesion volume among all lesions with the same

PIRADS v2.1 score. Firstly, a 3-core MRI/US fusion TB is

performed for the index lesion, followed by a 12-core SB. The

protocol for SB has been described in detail elsewhere. Briefly, 5

cores are taken from each side of the peripheral zone and 1 core

from each side of the transitional zone, resulting in a total of 12
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cores bilaterally. The unilateral SB is defined using the unilateral 6

cores of the SB (Supplementary Figure 2).

Each biopsy sample was collected in a separate container and

evaluated by a group of genitourinary pathologists with over 10

years of experience. The Gleason score (GS) of each positive core

was labelled. csPCa was defined as GS score 3 + 4 or higher (22).
2.5 Statistical analysis

Frequencies and median (interquartile range, IQR) or mean ±

standard deviation (SD) were used to express categorical and

continuous variables, respectively. The detection and the

sensitivity of overall PCa and csPCa by 12-core SB, 3-core TB,

and unilateral SB + 3-core TB were compared for the overall cohort

using the McNemar paired test. Pathology consistency categorized

by Gleason grade group (GG) was evaluated using the Kappa test.

The binary logistic regression with Forward LR method was

performed to identify predictors of the csPCa missed by ips-SB+TB.

All analyses were two-sided, with statistical significance set at

p<0.05. Statistical analyses were performed using IBM SPSS

Statistics version. The statistical analysis was performed using R
Frontiers in Oncology 03
version 4.3.2 (R Foundation for Statistical Computing,

Vienna, Austria).
3 Results

3.1 Baseline characteristics of patients

A total of 250 patients were final enrolled in this study. 85.6% of

the patients (214/250) were biopsy-naïve. The median prebiopsy

total PSA was 9.65 (IQR: 6.99~14.00) ng/ml. 122 (48.8%)

patients exhibited single lesion on MRI, while the remaining 118

(47.2%) exhibited 2 lesions and 10 (4.0%) exhibited 3 lesions.

Demographic and clinical characteristics of all patients are shown

in Table 1.
3.2 Detection rate and sensitivity of PCa

Among the 250 patients, PCa was detected in 126 (50.4%) using

SB+TB. Of these, csPCa and ciPCa were detected in 103 (41.2%)

and 23 (9.2%) patients respectively. Compared to SB+TB, the ips-SB
TABLE 1 Clinical and demographic information.

Characteristics Total (n=250) No PCa (n=124) PCa (n=126) P value

Mean ± SD age, Years 66.02 ± 8.53 65.39 ± 8.43 66.63 ± 8.62 0.25

Mean ± SD Height 1.67 ± 0.06 1.67 ± 0.06 (98/124) 1.67 ± 0.06 (118/126) 0.91

Weight 66.34 ± 8.09 67.06 ± 8.17 65.74 ± 8.01 0.23

BMI 23.77 ± 2.52 23.99 ± 2.45 23.59 ± 2.57 0.27

Median prebiopsy free PSA(IQR), ng/ml 1.41 (0.88-1.99) 1.48 (0.98-2.06) 1.32 (0.83-1.94) 0.038

Median prebiopsy total PSA (IQR) 9.65 (7.00-14.02) 8.88 (6.42-12.5) 10.30 (7.29-14.3) 0.041

Median PSA density (IQR), ng/ml/cc 0.19 (0.125-0.34) 0.14 (0.11-0.20) 0.28 (0.19-0.44) <0.001

Median ml prostate volume (IQR) 48.14 (32.21-70.48) 62.65 (48.22-81.96) 35.85 (27.43-48.08) <0.001

Median maximum cancer core length
(IQR), cm

1.40 (1.00-1.80) 1.40 (1.00-1.80) 1.40 (1.02-1.80) 0.86

Frequency of prostate biopsy 0.01

1 214 99 115

2 33 22 11

3 3 3 0

PI-RADS score distribution on mpMRI, n (%) <0.001

PI-RADS 3 lesions 76 62 14

PI-RADS 4 lesions 106 47 59

PI-RADS 5 lesions 68 15 53

Number of targets on MRI, n (%) <0.001

1 122 78 44

2 118 41 77

3 10 5 5
median (Q1-Q3).
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+TB approach detected significantly fewer cases of PCa (46.4%, p =

0.002) and ciPCa (6.8%, p = 0.031), while the detection rate for

csPCa remained comparable (39.6%, p = 0.125). 4 patients with

csCPa were missed by ips-SB+TB and their characteristics were

displayed in Supplementary Table 1. Conversely, SB+TB

demonstrated a higher detection rate for csPCa than TB (36.4%,

p<0.001) and con-SB+TB (38.4%, p = 0.016) (Table 2).

Additionally, ips-SB+TB exhibited a superior sensitivity for

detecting csPCa (96.1%) with an AUC of 0.981, when compared

to con-SB+TB and TB. (Figure 1).
3.3 Positive cores rate and pathology
consistency

The ips-SB+TB (21.0%, 472/2244) exhibited a significant higher

positive cores rate than SB+TB (15.0%, 563/3744) and con SB+TB

(13.9%, 312/2244) (p<0.001) (Supplementary Table 2). The

distribution of the GS for each biopsy method could be seen in

Figure 2. Compared with SB+TB, ips-SB+TB underestimated 18
Frontiers in Oncology 04
cases of PCa and missed 4 cases of csPCa, while con-SB+TB

underestimated 26 cases of PCa and missed 24 cases of csPCa.

(Table 3) Additionally, ips-SB+TB also demonstrated highest

consistency of GG compared with SB+TB (Kappa=0.89, 95% CI:

0.85, 0.92), con-SB+TB (Kappa=0.85, 95% CI: 0.82, 0.89) and TB

(Kappa=0.70, 95% CI: 0.66, 0.74), which had relatively lower

consistency of GG. (Supplementary Table 3)
3.4 Subgroup analysis

Subgroup analysis was performed based on PI-RADS score,

PSA level, PSAD level, biopsy history and the number of lesions.

The results revealed that only ips-SB+TB had a comparable csPCa

detection rate than SB+TB, not con-SB+TB and TB.

(Supplementary Table 4). Additionally, we assessed the influence

of lesion number on the detection rate of ips-SB+TB, and found that

patients with multiple lesions were more likely to have csPCa than

those with a single lesion (63/128 vs 36/122, p=0.002), especially in

the patient with a PI-RADS 5 lesion (Supplementary Figure 3).
TABLE 2 Detection rate and sensitivity of PCa for different biopsy schemes.

Biopsy
strategies

Detection
rate n (%)

P value Sensitivity n (%) 95% CI P value

Compared
with SB+TB

Compared
with TB

Compared with
ips-SB+TB

Compared
with TB

Any PCa (ISUP GG ≥ 1)

SB+TB 126 (50.4) - < 0.001 126 - - -

TB 105 (42.0) < 0.001 – 105 (83.3) 0.76-0.89 < 0.001 –

ips-SB+TB 116 (46.4) 0.002 < 0.001 116 (92.1) 0.86-0.96 - < 0.001

con-SB+TB 121 (48.4) 0.063 < 0.001 121 (96.0) 0.91-0.99 0.302 < 0.001

ips-SB 99 (39.6) < 0.001 0.345 99 (78.6) 0.70-0.85 < 0.001 0.345

con-SB 70 (28.0) < 0.001 < 0.001 70 (55.6) 0.46-0.64 < 0.001 < 0.001

csPCa (ISUP GG ≥ 2)

SB+TB 103 (41.2) – < 0.001 103 – – –

TB 91 (36.4) < 0.001 - 91 (88.3) 0.81-0.94 0.008 -

ips-SB+TB 99 (39.6) 0.125 0.008 99 (96.1) 0.90-0.99 – 0.008

con-SB+TB 96 (38.4) 0.016 0.063 96 (93.2) 0.87-0.97 0.549 0.063

ips-SB 80 (32.0) < 0.001 0.054 80 (77.7) 0.68-0.85 < 0.001 0.543

con-SB 46 (18.4) < 0.001 < 0.001 46 (44.7) 0.39-0.55 < 0.001 < 0.001

ciPCa (ISUP GG 1)

SB+TB 23 (9.2) - < 0.001 23 - - -

TB 14 (5.6) < 0.001 – 8 (34.8) 0.16-0.57 0.031 –

ips-SB+TB 17 (6.8) 0.031 0.063 14 (60.9) 0.39-0.80 - 0.031

con-SB+TB 25 (10.0) 1 0.002 21 (91.3) 0.72-0.99 0.065 < 0.001

ips-SB 19 (5.2) 0.523 0.405 10 (43.5) 0.23-0.66 0.125 0.754

con-SB 24 (9.6) 1 0.100 14 (60.9) 0.39-0.80 1 0.238
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3.5 Potential predictors of PCa
underestimated by ips-SB+TB

The potential predictors of csPCa underestimated by ips-SB

+TB (fPSA, tPSA, PSAD, prostate volume, biopsy history, PI-RADS

score, lesion size and number of leison) were evaluated. However,

no significant predictors were found in multivariable analysis.

(Supplementary Table 5)
Frontiers in Oncology 05
4 Discussion

Our study indicated that ips-SB+TB had a comparable detection

rate for csPCa than SB+TB, while simultaneously reducing the

detection of ciPCa and unnecessary cores. Additionally, ips-SB+TB

demonstrated a higher positive cores rate for csPCa, which is
FIGURE 1

The ROC curve of the diagnostic performance of different biopsy
methods for detecting csPCa.
FIGURE 2

The distribution of gleason scores of PCa detected by different biopsy methods.
TABLE 3 Cross-tabulation of pathology grades between ips-SB+TB and
SB+TB, and con-SB+TB and SB+TB.

Ips-SB+TB

ISUP 0 1 2 3 4 5

SB
þ
T
B

0 124 0 0 0 0 0

1 9 14 0 0 0 0

2 0 2 25 0 0 0

3 1 0 1 23 0 0

4 0 1 1 3 39 0

5 0 0 0 0 0 7

con-SB+TB

ISUP 0 1 2 3 4 5

SB
þ
T
B

0 124 0 0 0 0 0

1 2 21 0 0 0 0

2 1 4 22 0 0 0

3 1 0 8 16 0 0

4 1 0 1 8 34 0

5 0 0 0 0 0 7
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consistent with the previous studies (8, 10, 11, 13, 15, 23). On the

contrary, a significant number of csPCa were missed by con-SB+TB,

resulting in relatively more ciPCa being diagnosed.

Moreover, our study also revealed that the ips-SB+TB had ideal

detection efficiency for patients with multi-lesions, which has not

been reported in the previous studies. In subgroup analyses, our

results showed that the csPCa detection rate of ips-SB+TB was

comparable than that of SB+TB in patients with both single-and

multi-lesions.

Therefore, our study suggests that ips-SB+TB may be a suitable

alternative to SB+TB for patients with unilateral index lesion,

avoiding unnecessary biopsy cores and overdiagnosis of ciPCa.

Furthermore, our study supports previous research indicating that

relying solely on TB would miss a considerable number of patients

with csPCa, SB should not be omitted due to its additional value in

detecting csPCa (8, 10–15, 24).

Previous studies have revealed that patients with multi-lesions

are not associated with higher risk of detecting csPCa (OR 1.05, 95%

CI 0.60-1.84, p = 0.857), especially with PI-RADS 3 or 4 lesions (25).

In addition, Günzel et al. determined that the added value of

reduced SB scheme is low for PCa diagnosis and risk evaluation

(26). However, the study by Darren et al. considered that multi-

lesion csPCa might occur preferentially on the side of the index

tumor (8). And most of the studies related to ips-SB+TB mainly

focused on the patient with single MRI lesion, suggesting that ips-

SB+TB would be feasible substitute for SB+TB in most cases with

single MRI lesion (8, 13–15). While, the feasibility of the ips-SB+TB

for the diagnosis of the patients with multi-lesions is still lack of

support. However, in our study, ips-SB+TB still demonstrated

comparable csPCa detection than SB+TB, and patients with

multiple lesions were more likely to have csPCa than patients

with a single lesion, especially with PIRADS 5 as the index lesion.

This is consistent with the findings of Ruan et al, biopsy for a non-

index lesion in patients with multiple lesions provided limited

additional pathological information (11).

According to a study conducted by Nakanishi et al., patients

with contralateral csPCa, if they have any of the following three

predictive factors: being 75 years or older, having a PI-RADS score

of 4 or higher, or a PSAD of 0.3 or higher. Therefore, utilizing the

SB+TB biopsy schemes may be the most suitable approach for these

patients (27). Furthermore, Wang et al. considered prior biopsy

history (OR: 3.148; p=0.021) and inadequate biopsy experience

(OR: 0.701; p=0.032) as the potential factors resulting in 10

upgrading on con-SB+TB (15). While Phelps et al. found no

predictors of csPCa detected by con-SB+TB but missed by ips-SB

+TB (14). In our study, ips-SB+TB underestimated 9 patients with

csPCa and missed 4 patients with csPCa. No potential predictors

relevant to csPCa were found. However, there is an overall lack of

studies identifying risk factors associated with patients with csPCa

contralateral to the index lesion and inconsistencies between SB+TB

and surgical pathology findings. Therefore, further studies are

needed to evaluate and identify standard factors.
Frontiers in Oncology 06
Our study had several notable strengths. Firstly, all mpMRI

scans were re-evaluated by both a radiologist and a urologist before

biopsy, reducing discrepancies and inaccuracies in MRI

interpretation. This also ensured the accuracy of target

localization and cognitive-fusion TB. Thirdly, we included many

patients with multi-lesions and showed that ips-SB+TB is still

appropriate for these patients. However, there were some

limitations to our study. Firstly, the study was conducted at a

single center, limiting the generalizability of the results and

requiring validation from other institutions. However, our main

findings are broadly consistent with those of other centers (10, 12,

23, 28). Secondly, the use of the visual registration approach may

have imposed some limitations on our findings. Nevertheless,

previous research has shown that there is no significant difference

in cancer detection between the cognitive-fusion and software-

based methods when using the combined biopsy strategy (29, 30).

Thirdly, as a retrospective study, it is subject to inherent biases. To

address potential biases in retrospective study, we implemented

strict patient selection criteria, multidisciplinary collaboration for

MRI evaluation and biopsy planning, detailed pathological

assessment, and comprehensive data collection and analysis

methods. This approach aimed to enhance the internal validity

and reliability of our research findings. Fourthly, our definition of

csPCa (ISUP ≥2) does not incorporate risk-stratification criteria.

This may reduce applicability in settings where treatment decisions

rely on composite risk models. Future multi-center studies with

larger surgical validation cohorts are warranted to confirm

these findings.
5 Conclusions

In conclusion, our study demonstrated that ips-SB+TB showed

comparable ability in detecting csPCa than SB+TB. The results of

this study provide valuable insights into the potential of ips-SB+TB

as an alternative to SB+TB, but further research is needed to

optimize the diagnosis of prostate cancer and minimize the risks

of underdiagnosis and overtreatment.
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