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Abstract

Purpose—To assess the feasibility, safety and outcomes of an expedited One-Stop prostate 

cancer (PCa) diagnostic pathway.
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Patients and Methods—We identified 370 consecutive patients who underwent 

multiparametric magnetic resonance imaging (mpMRI) and transrectal ultrasound fusion prostate 

biopsy (MRI/TRUS-PBx) from our institutional review board-approved database. Patients were 

divided according to diagnostic pathway: One-Stop (n=74), with mpMRI and same-day PBx, or 

Standard (n=296), with mpMRI followed by a second visit for PBx. mpMRIs were performed and 

interpreted according to Prostate Imaging-Reporting and Data System (PI-RADS v2). Grade 

Group ≥2 PCa defined clinically significant PCa (csPCa). Statistical significance was considered 

when p<0.05.

Results—Age (66 vs 66 years, p=0.59) and PSA density (0.1 vs 0.1ng/mL2, p=0.26) were not 

different between One-Stop vs Standard pathway, respectively. One-Stop patients lived further 

away from the hospital than Standard patients (163 vs 31Km; p<0.01), and experienced shorter 

time from mpMRI to PBx (0vs7 days; p<0.01). The number (p=0.56) and distribution of PI-RADS 

lesions (p=0.67) were not different between the groups. All procedures were completed 

successfully with similar perioperative complications rate (p=0.24). For patients with PI-RADS 3–

5 lesions, the csPCa detection rate (49% vs 41%, p=0.55) was similar for One-Stop vs Standard, 

respectively. The negative predictive value of mpMRI (PI-RADS 1–2) for csPCa was 78% for 

One-Stop vs 83% for Standard (p=0.99). On multivariate analysis, age, prostate volume and PI-

RADS score (p<0.01), but not diagnostic pathway, predicted csPCa detection.

Conclusion—A One-Stop PCa diagnostic pathway is feasible, safe and provides similar 

outcomes in a shorter time compared to the Standard two-visit diagnostic pathway.
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Introduction

Multiparametric magnetic resonance imaging (mpMRI) facilitates identification and 

imaging-guided targeted prostate biopsy (PBx) of suspicious prostate cancer (PCa) lesions. 

In fact, MRI-transrectal ultrasound fusion-guided prostate biopsy (MRI/TRUS-PBx) 

improves detection of clinically significant PCa (csPCa) while reducing detection of 

clinically insignificant PCa compared to systematic PBx [1].

MRI/TRUS-PBx requires mpMRI followed by PBx which are usually performed in two 

separate visits. This Standard diagnostic pathway may negatively impact patient experience, 

increase individual costs, prolong time to diagnosis, delay treatment with potential for 

progression, and increase the anxiety and psychological burden to the patient [2, 3]. As such, 

we proposed utilizing a same-day pathway to optimize our MRI-guided PBx protocol. The 

aim of this study is to assess the feasibility, safety and outcomes of an expedited One-Stop 
PCa diagnostic pathway with mpMRI followed by same-day MRI-TRUS fusion PBx.

Material and Methods

We identified, from our prospectively-maintained institutional review board-approved 

database (HS-03–00663), consecutive patients who underwent mpMRI followed by PBx 

between January of 2016 and June of 2018 at our institution. Inclusion criteria were, patients 
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with clinical indication for prostate biopsy, including elevated PSA, abnormal digital rectal 

examination (DRE) or who were on active surveillance; and had mpMRI performed at our 

institution within six months prior to PBx. Exclusion criteria were, mpMRI performed 

outside of our institution, mpMRI performed longer than 6 months prior to PBx, or prior 

treatment for PCa.

Patients were offered either an expedited “One-Stop” or a two-visit “Standard” diagnostic 

pathway. The expedited, One-Stop pathway consisted of mpMRI followed by same-day 

MRI/TRUS-PBx. The Standard pathway consisted of mpMRI followed by MRI/TRUS-PBx 

on a separate day (Fig 1). A specific workflow protocol was developed for the One-Stop 
group, as follows: I) The radiology team was informed of One-Stop patients ahead of time; 

II) mpMRI acquisition was followed by stat expedited reading of the mpMRI; III) MRI/

TRUS-PBx was performed within 3 hours after mpMRI, to allow for adequate imaging 

processing and interpretation of mpMRI. Both diagnostic procedures were performed at our 

institution. Patients living far from our facility or those who specifically requested an 

expedited diagnostic pathway, due to time constraints, were offered a One-stop pathway. 

There was no discrimination of any other demographic or clinical parameters for patients 

undergoing a One-stop diagnostic pathway. For patients undergoing repeat biopsy, only the 

most recent investigation (MRI and biopsy) was considered for this study.

Multiparametric MRIs were performed on a 3-Tesla MRI system (GE Healthcare, USA) 

using a multichannel phased-array abdominal coil. The MRI acquisition protocol included 

high resolution T2-weighted, diffusion weighted (DWI), and T1-weighted dynamic contrast-

enhanced (DCE) sequences. Parametric apparent diffusion coefficient (ADC) maps were 

calculated from the diffusion-weighted images. The mpMRIs were interpreted by 

radiologists with more than 5 years of experience on MRI prostate, who assigned scores 

from 1 to 5 according with Prostate Imaging - Reporting and Data System Version 2 (PI-

RADS v.2) standards [4].

MRI-TRUS-PBx was transrectally performed by the same experienced urologist under local 

anaesthesia, using an elastic image fusion software-assisted system (Koelis®, France) as 

previously described [5]. At least two cores for each mpMRI-detected PI-RADS 3–5 lesion 

followed by systematic extended sextant 12-core biopsies were performed. Patients with PI-

RADS 1–2 underwent a 12-core systematic biopsy. In both cohorts, Bactrim or 

Ciprofloxacin were used for antibiotic prophylaxis. Augmentation prophylaxis (Gentamicin 

or Ceftriaxone) was administered within 1 hour prior to biopsy as clinically indicated [6]. 

Complications were recorded up to 90 days post biopsy or until initiation of any treatment 

for prostate cancer.

Histology was evaluated by an uro-pathologist according to International Society of 

Urological Pathology (ISUP) standards [7]. ISUP Grade Group ≥ 2 PCa was considered 

clinically significant PCa (csPCa).

Demographic, imaging characteristics, histology findings and perioperative complications, 

were analysed. Sensitivity, specificity, positive predictive value (PPV), negative predictive 

value (NPV) and accuracy were evaluated. Differences between groups were examined using 
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the Kruskal-Wallis test for continuous variables and Pearson’s chi-squared or Fishers’ exact 

tests for categorical variables. Multivariable logistic regression analysis was used to identify 

predictors of PCa and csPCa. A p-value <0.05 was considered statistically significant. 

Statistical calculations were performed using SAS software version 9.4 (SAS Institute Inc, 

Cary, NC).

Results

Overall, 370 patients met the inclusion/exclusion criteria, with 74 patients in the One-Stop 
and 296 patients in Standard pathway groups. There were no significant differences of 

baseline characteristics between the two groups in terms of age (66 vs 66 years, p=0.59), 

PSA (5.4 vs 5.1ng/mL, p=0.1), PSA density (0.1 vs 0.1ng/mL2, p=0.26), suspicious DRE 

(26 vs 23%, p=0.65) and family history of PCa (22 vs 24%, p=0.76) for One-Stop vs 

Standard pathway, respectively (Table 1). The One-Stop pathway was associated with a 

shorter time from MRI to PBx (0 vs 7 days, p<0.01). One-Stop group patients lived further 

from the hospital (163 vs 31 km, p<0.01).

MRI findings showed that prostate volume was smaller in One-Stop group (42 vs 53cc, 

p<0.01), but no differences were found in terms of number of lesions (p=0.56), and 

distribution of PI-RADS lesions (p=0.67) between the groups (Table 1).

The prostate biopsy findings were similar between the two groups (Table 2). All procedures 

were completed successfully; and no procedure was aborted. Perioperative complications 

were not significantly different between the two groups (4% vs 2%, p=0.24). Specifically, 

there were 3 complications in the One-Stop group (urinary tract infection (UTI), n=1; sepsis, 

n=1; and prolonged rectal bleeding during biopsy requiring local compression, n=1). 

Complications in the Standard pathway group were as follows: UTI, n=3; sepsis, n=2; 

urinary retention, n=2; prolonged rectal bleeding during biopsy requiring local compression, 

n=1 (Table 2). No patient died.

For patients with positive mpMRI (PI-RADS 3–5, n=263), the PCa (67% vs 59%, p= 0.20) 

and csPCa (49% vs 41%, p=0.55) detection rates were similar between One-Stop vs 
Standard groups, respectively. Specifically, the csPCa detection rate was 33% vs 33% 

(p=0.96) in patients with PI-RADS 3, 75% vs 65% (p=0.57) in those with PI-RADS 4, and 

100% vs 76% (p=0.16) for patients with PI-RADS 5 lesion on mpMRI between the One-
Stop vs Standard pathway, respectively (Table 3).

For patients with negative mpMRI (PI-RADS 1–2), the NPV of mpMRI for csPCa was 78% 

for One-Stop vs 83% for Standard pathway (p=0.99). Sensitivity, specificity, NPV, and PPV, 

for csPCa detection were not significantly different between both groups (Table 4).

In the univariate and multivariate analysis, age, prostate volume and PI-RADS score 

(p<0.01) were predictors of csPCa detection. The diagnostic pathway (One-Stop vs 

Standard) did not impact csPCa detection (Table 5).
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Discussion

In the present study, we report no statistically significant differences in terms of radiological, 

perioperative complications or pathologic outcomes between One-Stop vs Standard MRI/

TRUS-PBx. The strength of our study is the size of our cohort, which to our knowledge, is 

the largest to date undergoing an MRI - based One-Stop pathway for PCa diagnosis. This 

study compares the One-Stop pathway to a contemporaneous control group of Standard two-

visit mpMRI followed by PBx on separate days. Both groups underwent the same mpMRI 

and PBx protocols by the same experienced radiologists, urologist and pathologists at the 

same institution. The main difference between the groups was the specific workflow 

protocol developed for the One-Stop group. Although, patients undergoing a One-Stop 
pathway lived further from the hospital, they experienced shorter time from MRI to PBx. It 

is noteworthy that the outcomes herein reported correlate with existing literature [1, 5, 6, 8–

10]. The multivariate analysis showed that age, prostate volume and PI-RADS score, but not 

the diagnostic pathway (One-Stop vs Standard), impact csPCa detection.

Often, patients with suspicion for PCa undergo diagnostic studies such as mpMRI and MRI-

guided prostate biopsy on separate days. Although the use of pre-PBx mpMRI rapidly 

gained adoption [11], many community centers still do not have access to high-quality 

mpMRI and MRI/TRUS-PBx image fusion systems. Therefore, patients undergoing 

investigations with these specialized technologies may be required to, repeatedly, travel long 

distances to high-volume tertiary centers. The One-Stop pathway offers several key 

advantages: 1) it can potentially improve patient’s experience due to reduced wait and 

anxiety; 2) it can facilitate patient acceptance and logistics for undergoing MRI/TRSU-PBx, 

especially for those living far from these centers; 3) it reduces the opportunity for patients to 

be lost to follow-up between MRI and PBx; 4) it can reduces individual cost for biopsy.

Since 2010, we routinely perform office-based, transrectal systematic extended sextant 12-

core and software-assisted (Koelis) MRI/TRUS fusion-guided PBx with, at least, 2 

additional cores for each mpMRI-detected PI-RADS 3–5 lesion. As the use of sedation and 

operating room capabilities are not required, the One-Stop PCa diagnosis pathway was 

gradually introduced into our practice in January of 2016 to accommodate patients’ requests. 

We started offering an expedited One-Stop diagnostic pathway with same-day mpMRI and 

MRI/TRUS-PBx for patients traveling from far away or wishing to avoid any delay in 

biopsy. Currently, we routinely offer one-stop MRI/TRUS-PBx in our daily practice.

Although, One-Stop MRI and same-day MRI/TRUS-PBx seems to be easily feasible, it 

actually carries challenges that need to be addressed. First, to ensure patient satisfaction and 

avoid prolonged waiting times, the PBx should be performed as soon as possible after MRI 

acquisition. However, mpMRI requires imaging processing and expert interpretation, which 

requires time for proper imaging and reporting. Second, for MR imaging fusion and co-

registration with TRUS, the MRIs should be uploaded onto the local intranet image system 

so it can, immediately, be available to the urologist performing the MRI/TRUS-PBx. Lastly, 

the imaging facility should be located close to the PBx outpatient clinic location, facilitating 

patient transit. On the other hand, a buffer for extra time should to be considered for possible 

issues with, the patient, imaging acquisition, and transferring. Therefore, coordination of 
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these components is essential for a streamlined process. At our institution, the optimal time 

agreed amongst radiologist and urologist was a maximum of 3hs from MRI acquisition to 

PBx. With this workflow protocol, all procedures were successfully performed.

A recent, prospective, single-arm, pilot study evaluated suitability and feasibility of a “One-

Stop” MRI-targeted biopsy pathway for patients with suspicious for PCa in “real-world” 

clinical practice in a tertiary referral centre in the United Kingdom. Of the 112 biopsy-naive 

men who presented with biochemical or clinical suspicion for PCa, 57 ultimately underwent 

transperineal cognitive-targeted PBx under local anesthesia. Patients with Likert score 1–2 

on MRI (n=24; 22%) did not undergo PBx. Interestingly, a large proportion (n=15; 17%) of 

men wished to not undergo PBx under local anesthesia and underwent biopsy under 

sedation. The authors concluded that this approach greatly reduces the time to PCa diagnosis 

and the integration of mpMRI and MRI target biopsy has shown to be cost-effective in the 

long term. In fact, decreasing the number of visits during the diagnostic pathway of prostate 

cancer may reduce healthcare-related and patient incurred costs [10]. However, they utilized 

a transperineal approach, cognitive-targeted PBx without image-fusion software and 1.5T 

and 3T MRI. Also, they did not perform PBx in patients with negative MRI and had no 

control group. Nevertheless, these studies report corroborating evidence to show that One-
Stop MRI and PBx using either approach (transrectal or transperineal) is feasible, safe and 

provides similar outcomes.

A prospective trial recently reported a median (IQR) of 53 (41–70) days between mpMRI 

and MRI/TRUS fusion PBx [9]. While delays in curative treatment may impact on the risk 

of biochemical recurrence after curative treatment, the results of retrospective single-centre 

studies are contradictory [3, 12–14]. Nevertheless, a meta-analysis showed that anxiety 

impacts 27% of the patients with PCa during the pre-treatment period and decreases after 

treatment [15]. In this context, by eliminating delays from MRI to PBx, the One-Stop 
pathway can help to reduce psychological burden on the patient and improve the patient 

experience.

It is debatable if patients with negative MRI (PI-RADS 1–2 lesions) should undergo 

systematic PBx. In fact, the PROMIS trial reported NPV of 76% for Grade Group ≥ 2 and 

stated that, by using MRI as a triage, 27% of PBx could be avoided [8]. We have previously 

reported the NPV for mpMRI in our institution [5]. Although, currently some patients 

meeting the criteria of negative MRI, PSA density <0.15ng/mL and previous negative PBx 

may defer repeat-PBx, for the present study, all patients with negative MRI underwent 

systematic PBx. Therefore, there was no selection bias and the NPV reported herein is 78% 

vs 83% for One-Stop vs Standard pathway respectively, similar to previously reported 

studies.

We performed transrectal biopsy with the patients in left lateral decubitus and under local 

anaesthesia without sedation or anxiolytic prior to the procedure. Empiric augmentation 

antibiotic prophylaxis was prescribed according to American Urological Association 

recommendations [6]. We report overall 1.1% of UTI with 0.5% of sepsis. A retrospective 

study reported on a large cohort of 15,236 patients undergoing transrectal PBx and showed 

0.64% of sepsis. Interestingly, they showed that the augmented empirical prophylaxis was 
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superior to prevent sepsis post PBx when compared with targeted prophylaxis antibiotics 

according to pre-PBx rectal swab culture or single agent empirical prophylaxis [16]. Another 

way to decrease chances of UTI/sepsis post-PBx is performing transperineal PBx. It seems 

that the main benefit of transperineal biopsy in comparison to transrectal biopsy is the lower 

risk of infection and sepsis [17, 18]. While the route of PBx, either transperineal or 

transrectal is debatable, patients undergoing transperineal biopsy still receive antibiotic 

prophylaxis and most of the centers still perform the procedure under sedation in the 

operating room, therefore increasing costs and operative time. Furthermore, transperineal 

biopsy is associated with greater rates of urinary retention [8, 19–21]. Two patients in our 

cohort presented with prolonged bleeding immediately after the PBx that required prolonged 

rectal compression. No transfusion, intravenous hydration or hospital admission was 

required.

The main limitation is the retrospective nature of this study; however, data were 

prospectively collected. Also, patients’ satisfaction was not analyzed. Nevertheless, our 

experience since 2016 shows that a One-Stop diagnostic pathway is safe and feasible with 

similar radiological and pathologic outcomes comparing to the Standard (two-visit) MRI/

TRUS-PBx pathway. Additionally, the potential benefits of a One-Stop pathway include 

reduced patient anxiety, costs, time to diagnosis and time to treatment. Further, an expedited 

pathway may improve patient compliance and satisfaction by facilitating a single visit for 

both diagnostic studies [22, 23]. As a result, One-Stop pathway is, now, routinely offered to 

patients undergoing MRI/TRUS fusion biopsy at our institution.

In conclusion, the One-Stop pathway for prostate cancer diagnosis with same-day mpMRI 

and MRI/TRUS fusion-guided prostate biopsy is feasible, safe and provides similar cancer 

detection rate compared to the Standard (two-visit) diagnostic pathway, with the benefit of 

reduced time to diagnosis.
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Acronyms and abbreviations

ADC apparent diffusion coefficient

AS active surveillance

CI confidence interval

csPCa clinically significant prostate cancer

DCE dynamic contrast-enhanced

DRE digital rectal examination

DWI diffusion weighted images

Tafuri et al. Page 7

World J Urol. Author manuscript; available in PMC 2021 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



IQR interquartile range

ISUP International Society of Urological Pathology

mpMRI Multiparametric magnetic resonance imaging

MRI/TRUS-PBx magnetic resonance imaging transrectal ultrasound fusion-

guided prostate biopsy

NPV negative predictive value

OR odds ratio

PBx prostate biopsy

PCa prostate cancer

PI-RADS v.2 Prostate Imaging - Reporting and Data System Version 2

PPV positive predictive value

PSA prostatic specific antigen

UTI urinary tract infection
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Figure 1. Pathway workflows of mpMRI and MRI/TRUS-PBx.
Patients were offered either: Standard pathway (green line), consisting of mpMRI 

aquisition (A) followed by MRI/TRUS-PBx (B) on separate days, or One-Stop pathway 
(blue line) consisting of mpMRI acquisition (A) followed by same-day MRI/TRUS-PBx (B). 

ADC: apparent diffusion coefficient; DRE: digital rectal examination; DWI: diffusion 

weighted images; mpMRI: Multiparametric magnetic resonance imaging; MRI/TRUS-PBx: 

MRI transrectal ultrasound fusion-guided prostate biopsy; PCa: prostate cancer; PSA: 

prostatic specific antigen.
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Table 1.

Demographics and MRI findings of MRI/TRUS fusion prostate biopsy.

Variable One-Stop Pathway Standard Pathway

Median (IQR) or n (%) Median (IQR) or n (%) p value

N 74 296 -

Age, years 66 (60–70) 66 (61–71) 0.59

CCI score 1 (0–2) 2 (0–2) 0.17

PSA, ng/mL 5.4 (2.8–7.8) 5.1 (3.3–7.3) 0.10

PSA density, ng/mL2 0.1 (0.1–0.2) 0.1 (0.1–0.2) 0.26

Family history of PCa 16 (22) 71 (24) 0.76

Suspicious DRE 19 (26) 66 (23) 0.65

Prostate biopsy history

   Biopsy-naïve 35 (47) 141 (48) 1.0

   Prior negative biopsy 22 (30) 86 (29) 1.0

   Active Surveillance/restaging biopsy 17 (23) 69 (22) 1.0

Time between MRI and biopsy, days 0 7 (3–19) <0.01

Home-hospital distance, km 163 (58–237) 31 (16–79) <0.01

MRI findings

   Prostate volume, mL 42 (27–62) 53 (38–73) <0.01

   PI-RADS 1–2 23 (31) 84 (28)

   PI-RADS 3 36 (49) 164 (55) 0.67

   PI-RADS 4 8 (11) 31 (11)

   PI-RADS 5 7 (9) 17 (6)

   Total number of lesions

     1 lesion 26 (51) 112 (53)

     2 Lesions 21 (41) 74 (35) 0.56

     ≥ 3 Lesions 4 (8) 26 (12)

CCI: Charlson comorbidity index; PCa, prostate cancer; DRE, digital rectal examination; MRI, magnetic resonance imaging; PI-RADS, Prostate 
Imaging and Reporting Data System; PSA, prostate-specific antigen.
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Table 2.

Histology outcomes and perioperative complications of MRI/TRUS fusion prostate biopsy.

Variable One-Stop Pathway(n=74) Standard Pathway (n=296)

Median (IQR) or n (%) Median (IQR) or n (%) p value

Number of cores biopsy 14 (13–16) 14 (14–16) 0.40

Biopsy histology

     Negative for PCa 29 (39) 142 (48) 0.71

     Positive for PCa 45 (61) 154 (52) 0.19

        Positive for csPCa 30 (41) 101 (34) 0.34

     Grade Group

        1 15 (20) 53 (18)

        2 14 (19) 53 (18)

        3 5 (7) 24 (8) 0.71

        4 7 (9.5) 15 (5)

        5 4 (5.5) 9 (3)

Complication, n % 3 (4) 7 (2) 0.24

     Urinary tract infection 1 3

     Sepsis 1 1

     Urinary retention 0 2

     Rectal bleeding* 1 1

PCa, prostate cancer; csPCa, clinically significant PCa

*
Prolonged bleeding during biopsy requiring local compression.

World J Urol. Author manuscript; available in PMC 2021 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Tafuri et al. Page 13

Table 3.

Prostate cancer detection according to multiparametric MRI findings.

MRI findings One-Stop pathway (n=74) Standard pathway (n=296) p-value

PI-RADS 1–2 (n=107) 23 84

PCa 11 (48%) 28 (33%) 0.2

csPCa 5 (22%) 14 (17%) 0.55

PI-RADS 3–5 (n=263) 51 212

PCa 34 (67%) 126 (59%) 0.20

csPCa 25 (49%) 87 (41%) 0.55

PI-RADS 3 (n=200) 36 164

PCa 20 (56%) 88 (54%) 0.84

csPCa 12 (33%) 54 (33%) 0.96

PI-RADS 4 (n=39) 8 31

PCa 7 (88%) 24 (77%) 0.53

csPCa 6 (75%) 20 (65%) 0.57

PI-RADS 5 (n=24) 7 17

PCa 7 (100%) 14 (82%) 0.23

csPCa 7 (100%) 13 (76%) 0.16

PCa, prostate cancer; csPCa, clinically significant PCa; MRI, magnetic resonance imaging; n= number of patients; PI-RADS, Prostate Imaging and 
Reporting Data System.
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Table 4.

Diagnostic performance characteristics of One-Stop versus Standard diagnostic pathways of MRI/TRUS 

fusion guided prostate biopsy for detecting clinically significant prostate cancer.

Performance characteristics One-Stop pathway Standard pathway p-value

Sensitivity 83% 86%

Specificity 41% 36%

Predictive positive value 49% 41% 0.99

Negative predictive value 78% 83%

Accuracy 58% 53%
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Table 5.

Univariate and multivariable analyses of predictors for clinically significant prostate cancer detection on MRI/

TRUS fusion guided prostate biopsy.

Clinically Significant Prostate Cancer Detection

Univariate Multivariable

Variable OR, CI 95% p value OR, CI 95% p value

Age, years 1.07 (1.04–1.10) <0.01 1.08 (1.04–1.13) <0.01

Prostate volume, mL 0.97 (0.96–0.98) <0.01 0.97 (0.95–0.98) <0.01

PI-RADS lesion

      3 2.28 (1.28–4.06) 1.89 (1.00–3.72)

      4 9.26 (4.04–21.26) 0.02 7.54 (2.94–20.63) 0.01

      5 23.16 (7.10–5.55) 25.49 (6.94–120.36)

One-Stop vs Standard Pathway 0.76 (0.45–1.28) 0.30 0.99 (0.52–1.95) 0.99

PI-RADS, Prostate Imaging and Reporting Data System
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