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Abstract

Importance—Targeted magnetic resonance (MR)/ultrasound fusion prostate biopsy has been 

shown to detect prostate cancer. The implications of targeted biopsy alone vs standard extended-

sextant biopsy or the 2 modalities combined are not well understood.
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Objective—To assess targeted vs standard biopsy and the 2 approaches combined for the 

diagnosis of intermediate- to high-risk prostate cancer.

Design, Setting, And Participants—Prospective cohort study of 1003 men undergoing both 

targeted and standard biopsy concurrently from 2007 through 2014 at the National Cancer Institute 

in the United States. Patients were referred for elevated level of prostate-specific antigen (PSA) or 

abnormal digital rectal examination results, often with prior negative biopsy results. Risk 

categorization was compared among targeted and standard biopsy and, when available, whole-

gland pathology after prostatectomy as the “gold standard.”

Interventions—Patients underwent multiparametric prostate magnetic resonance imaging to 

identify regions of prostate cancer suspicion followed by targeted MR/ultrasound fusion biopsy 

and concurrent standard biopsy.

Main Outcomes And Measures—The primary objective was to compare targeted and 

standard biopsy approaches for detection of high-risk prostate cancer (Gleason score ≥4 + 3); 

secondary end points focused on detection of low-risk prostate cancer (Gleason score 3 + 3 or 

low-volume 3 + 4) and the biopsy ability to predict whole-gland pathology at prostatectomy.

Results—Targeted MR/ultrasound fusion biopsy diagnosed 461 prostate cancer cases, and 

standard biopsy diagnosed 469 cases. There was exact agreement between targeted and standard 

biopsy in 690 men (69%) undergoing biopsy. Targeted biopsy diagnosed 30% more high-risk 

cancers vs standard biopsy (173 vs 122 cases, P < .001) and 17% fewer low-risk cancers (213 vs 

258 cases, P < .001). When standard biopsy cores were combined with the targeted approach, an 

additional 103 cases (22%) of mostly low-risk prostate cancer were diagnosed (83% low risk, 12% 

intermediate risk, and 5% high risk). The predictive ability of targeted biopsy for differentiating 

low-risk from intermediate- and high-risk disease in 170 men with whole-gland pathology after 

prostatectomy was greater than that of standard biopsy or the 2 approaches combined (area under 

the curve, 0.73, 0.59, and 0.67, respectively; P < .05 for all comparisons).

Conclusions and Relevance—Among men undergoing biopsy for suspected prostate cancer, 

targeted MR/ultrasound fusion biopsy, compared with standard extended-sextant ultrasound-

guided biopsy, was associated with increased detection of high-risk prostate cancer and decreased 

detection of low-risk prostate cancer. Future studies will be needed to assess the ultimate clinical 

implications of targeted biopsy.

Trial Registration—clinicaltrials.gov Identifier: NCT00102544

The current diagnostic procedure for men suspected of prostate cancer is a standard 

extended-sextant biopsy (ie, standard biopsy). Unlike many other solid tumors for which 

image-guided biopsy is common, prostate cancer has traditionally been detected by 

randomly sampling the entire organ. However, the recent introduction of multiparametric 

magnetic resonance imaging (MP-MRI) now allows for imaging-based identification of 

prostate cancer, which may improve diagnostic accuracy for higher-risk tumors.1-5

Advances in imaging have led to the development of targeted magnetic resonance (MR)/

ultrasound fusion biopsy (ie, targeted biopsy) platforms in which MP-MRI images are 

electronically superimposed in real time on transrectal ultra-sound (TRUS) images6-9 
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(Figure 1). Numerous targeted biopsy platforms exist and are capable of performing biopsies 

of suspicious regions on the prostate MP-MRI.10-12

The early trials of targeted biopsy included a concurrent standard biopsy and thus actually 

were studies of combined biopsy in the diagnosis of prostate cancer.6,9,11,12 These studies 

suggested that targeted biopsy combined with standard biopsy is superior to standard biopsy 

alone in capturing the clinically significant tumors.10-15 This has led to questions about the 

necessity of performing standard biopsy if targeted biopsy was also performed.16 Therefore, 

the aim of this study was to assess targeted vs standard biopsy and the 2 approaches 

combined for the diagnosis of intermediate- to high-risk prostate cancer.

Methods

Patients were enrolled at the National Cancer Institute in Bethesda, Maryland, in a 

prospective clinical trial with institutional review board approval as part of an ongoing 

National Institutes of Health study on the use of electromagnetic tracking devices to locate 

disease during multimodality-navigated procedures. The tracking device is a sensor coil 

attached to the TRUS probe paired with a magnetic field generator to detect the location of 

the sensor coil in 3-dimensional space. Enrollment occurred between August 2007 and 

February 2014 with written informed consent. Inclusion criteria for this study were an 

elevated level of prostate-specific antigen (PSA) or anabnormal digital rectal examination 

finding and an MP-MRI that demonstrated at least 1 lesion in the prostate. Exclusion criteria 

included prior prostate cancer therapy and contraindication to MP-MRI. Patients ineligible 

for the trial were referred back to their providers.

Imaging

All patients underwent MP-MRI on a 3.0-T MRI (Achieva, Philips Healthcare) with 4 

sequences–triplanar T2-weighted, dynamic contrast-enhanced, diffusion-weighted imaging, 

and MR spectroscopy–according to previously published protocols.17 Images were acquired 

with a 16-channel surface coil (SENSE, Philips Healthcare) and an endorectal coil (BPX-30, 

Medrad) in most cases or just a surface coil in a few patients. These MP-MRI studies 

underwent blinded, centralized radiologic evaluation, and lesions were assigned suspicion 

scores of low, moderate, or high. These scores are based on findings on each MP-MRI 

sequence using previously described criteria13 and have been associated with both the 

presence of prostate cancer and tumor grade6,18 (eMethods and eTable 1 in the Supplement). 

The now standardized PI-RADS criteria19 were not in use at our center during the time 

frame of this study. Two highly experienced genitourinary radiologists (B.T. and P.L.C.) 

with 8 and 14 years of experience interpreting prostate MP-MRI performed independent 

review and formed consensus reads of all studies in this series.

Biopsy Protocol

Prior to biopsy, an MP-MRI was interpreted by the radiologists; the images were segmented, 

and lesion locations were recorded (DynaCAD, Invivo). Patients with lesions identified on 

MP-MRI underwent a targeted biopsy performed by one physician followed in the same 

session by a standard biopsy performed by another physician who was not aware of the MR 
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lesion locations. Using the UroNav MR/ultrasound fusion device (Invivo), or research 

iterations of the same device predating the commercially available device, the targeted 

biopsy was performed with the previously identified MP-MRI lesions superimposed using 

the T2-weighted sequence on the realtime TRUS images. Each lesion was sampled both in 

axial and sagittal planes by an end-fire TRUS probe (Philips). The standard biopsy was 

typically 12 cores collected in an extended-sextant template of biopsies from the lateral and 

medial aspects of the base, mid, and apical prostate on the left and right side. Only the 

TRUS images, with no MP-MRI target data available, were used for the standard biopsy 

portion of the case. More biopsy cores were obtained as part of the standard biopsy if any 

abnormality was noted on ultrasound. The median time from MP-MRI to biopsy was 43 

days (interquartile range, 13-89 days). One genitourinary pathologist (M.J.M.) reviewed all 

pathologic specimens. The steps in performing an MR/ultrasound fusion biopsy are outlined 

in Figure 1.

Data Analysis

All data were collected prospectively by a dedicated data manager in a pretrial designed 

database. Criteria described by the START Consortium were followed in reporting this 

study.20 Patients were pathologically risk-stratified as low, intermediate, and high risk. 

Patients were assigned separate risk stratifications according to the standard biopsy, targeted 

biopsy, and whole-mount pathology, and then these risk strata were compared. Risk 

categories were chosen to reflect common clinical decision-making groups, eg, low risk 

(appropriate for active surveillance), intermediate risk (may benefit from intervention), and 

high risk (may benefit from more aggressive intervention). Alternative risk-stratification 

methods were also assessed and demonstrated similar outcomes to the study (eMethods in 

the Supplement). In cases where standard or targeted biopsy detected more than 1 tumor 

focus, the highest Gleason score reported was used to define the risk category established by 

that approach.

Prostate cancer treatment options, including active surveillance, focal therapy, radiation, and 

radical prostatectomy, were discussed with each patient as appropriate. Whole-mount 

pathology slides of the full prostate gland were available for inclusion in this study in 

patients who opted for radical prostatectomy. Low risk on biopsy was defined as Gleason 

score 6 or low-volume Gleason score 3 + 4 (ie, <50% of any core containing cancer and 

<33% of standard biopsy cores positive for cancer).21-23 Intermediate risk was defined as 

Gleason score 3 + 4 with 50% or more of any core positive for cancer or 33% or more of 

standard biopsy cores positive for cancer. High-risk tumors were Gleason score 4 + 3 or 

greater cancers.24,25 Static patient-specific risk factors such as age, PSA level, and digital 

rectal examination results were not included in the risk stratification as they do not change 

between targeted and standard biopsy yet may mask differences observed between these 

modalities. Prostatectomy whole-mount pathology was risk stratified as follows: low risk 

(Gleason score 6 or Gleason score 3 + 4 pathology in <20% of the total prostate26), 

intermediate risk (Gleason score 3 + 4 pathology in ≥20% of the prostate), and high risk 

(Gleason score ≥4+325).
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The main objective of this study was to test the hypothesis that targeted biopsy has a higher 

rate of high-risk prostate cancer detection than standard biopsy. Secondary objectives 

included comparing the rates of low-risk prostate cancer detection and evaluating the 

accuracy of the targeted biopsy, standard biopsy, and combined biopsy approaches to predict 

whole-gland pathology. Further analyses were performed to quantify the clinical utility of 

the different biopsy paradigms as a decision aid for radical prostatectomy.

Statistical Methods

Reported statistical significance levels were all 2-sided, and the threshold of statistical 

significance was P < .05. The Wilcoxon rank sum test was used for comparing the 

distribution of quantitative variables between the cohorts of patients with and without prior 

biopsy and the cohorts of patients who did and did not undergo prostatectomy. Fisher exact 

test was used to compare proportions such as proportion with high-risk disease between 

these cohorts. Fisher exact test was also used to compare the proportion of intermediate- and 

high-risk patients among those upgraded from no-cancer or low-risk standard biopsy to the 

proportion of intermediate- or high-risk patients among those upgraded from a no-cancer or 

low-risk targeted biopsy. The McNemar test was used for comparing the proportion of 

patients with high-risk (or low-risk) disease based on targeted biopsy vs standard biopsy.

For generating metrics of accuracy, the risk strata from the biopsy and whole-gland 

pathology were dichotomized to a no-cancer/low-risk group and an intermediate-/high-risk 

group. The ability of targeted biopsy, standard biopsy, and the modalities combined was 

examined to predict the whole-gland pathology risk which was used as the “gold standard.” 

We compared the sensitivity, specificity, negative predictive value, positive predictive 

value, accuracy, and area under the receiver operator characteristic curves (AUC) for each of 

the 3 biopsy approaches. The AUC was calculated based on the receiver operator 

characteristic curves from the logistic regression of the biopsy type against the whole-gland 

pathology. The DeLong test was used to determine if the difference between the AUCs was 

statistically significant. Number needed to biopsy was computed by dividing the total 

number of men undergoing biopsy by the number of events. All statistical computations 

were performed using the R statistics package (version 3.1.1).

Decision curve analysis is an analytic instrument to assess net benefit of a diagnostic tool for 

which there are competing benefits and harms.27 Decision curve analysis was performed on 

the prostatectomy cohort to compute the net benefit of decisions for prostatectomy based on 

biopsy results from targeted biopsy alone, standard biopsy alone, and combined biopsy. The 

desirable outcome, or “benefit,” was defined as operative intervention limited to 

intermediate-and high-risk tumors, while the undesirable outcome, or “harm,” was operative 

intervention for low-risk tumors. The decision curve analysis generates a graph of net 

benefit as a function of a threshold probability (pt) of intermediate- to high-risk disease at 

which an individual considers the potential benefit and harm of surgery to be equivalent. 

The net benefit was measured as the rate that incorporating the decision guide of interest 

(such as targeted biopsy) would lead to additional beneficial decision to treat intermediate-/

high-risk cancer without causing any additional harmful decision to overtreat low-risk 

disease. Decision curve analysis was performed using publicly available code28 and the R 
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statistics package. See the eMethods in the Supplement for more details regarding the 

decision curve analysis.

Results

During the study period, 1215 men had an MP-MRI, of whom 181 had no lesions, leading to 

1034 patients who underwent biopsy. Thirty-one patients were excluded because of prior 

treatment for prostate cancer. After exclusions, 1003 unique patients were included in the 

study (Figure 2). In patients with 2 or more MR/ultrasound fusion biopsy sessions, only the 

first biopsy session was evaluated in this analysis. Patient demographics are listed in Table 

1. In addition to the main sample of all patients who underwent prostate biopsy, 2 subgroups 

were analyzed in this study: patients with no prior prostate biopsy (n = 196) and patients 

who ultimately underwent prostatectomy (n = 170). The patients with no history of prior 

biopsy had a lower prebiopsy PSA level (median, 5.3 vs 7.1 ng/mL, P = .002), smaller 

prostate volume (median, 42 vs 52 cm3, P < .001), fewer anterior lesions (34% vs 47%, P = .

001), and more MRI lesions to biopsy (mean, 2.9 vs 2.6, P = .001) compared with those 

patients with prior biopsy (n = 807). Anterior lesions (ie, prostate cancer lesions located in 

the anterior aspect of the prostate) are preferentially detected on targeted biopsy and thus 

described here. Compared with all patients who underwent biopsy, patients who ultimately 

underwent prostatectomy were younger (mean age, 60.2 vs 62.1 years, P < .001), had 

smaller prostate volumes (median, 39 vs 49 cm3, P < .001), and had more MRI lesions 

(mean, 3.1 vs 2.7, P < .001).

Comparisonof Targeted MR/Ultrasound Fusion Biopsy With Standard Extended-Sextant 
Biopsy

Figure 3 demonstrates a comparison of pathologic outcomes by targeted vs standard biopsy 

in the entire cohort. Six hundred ninety patients of the total cohort (69%) demonstrated exact 

agreement between targeted and standard biopsy pathologic risk categories. Targeted biopsy 

diagnosed a similar number of cancer cases (461 patients) to standard biopsy (469 patients). 

However, the 2 approaches differed in that targeted biopsy diagnosed 30% more high-risk 

cancers vs standard biopsy (173 vs 122 cases, P < .001) and 17% fewer low-risk cancers 

(213 vs 258 cases, P = .002). Targeted biopsy demonstrated a higher risk category in 167 

cases (17%) (orange shading) while standard biopsy demonstrated a higher risk category in 

146 cases (15%) (blue shading). Among cases in which targeted biopsy revealed a higher 

risk category, 112 (67%) (dark orange) were upgraded to intermediate- or high-risk 

pathology by targeted biopsy, whereas in cases where standard biopsy demonstrated a higher 

risk category, only 60 (41%) (dark blue) were upgraded to intermediate- or high-risk 

pathology by standard biopsy (P < .001).

In addition, the utility of targeted biopsy alone vs targeted and standard biopsy combined 

was examined. Adding standard biopsy to targeted biopsy lead to 103 more cases of cancer 

(22%); however, of these, 86 (83%) were low risk while only 5 (5%) were high risk (Figure 

3). This equated to a number needed to biopsy with standard biopsy in addition to targeted 

biopsy of 200 men to diagnose 1 additional high-risk cancer. Furthermore, for every 

additional case of high-risk cancer diagnosed, 17 additional cases of low-risk cancer would 
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be diagnosed. Incorporation of standard biopsy in addition to targeted biopsy led to no 

change in Gleason score risk stratification in 857 cases (85%) (eTable 2 in the Supplement). 

Of those patients with a change in risk category, 86 (9%) increased from no cancer to low-

risk cancer, while only 19 (2%) increased from no cancer or low- or intermediate-risk 

disease to high-risk prostate cancer.

Comparison of Biopsy With Whole-Gland Pathology

The subset of 170 patients who underwent a radical prostatectomy was also studied so that 

pathology results from the targeted biopsy and standard biopsy could be compared against 

the whole-gland prostatectomy pathology (Figure 4). Within this group, 17 patients were 

diagnosed preprostatectomy with prostate cancer only on standard biopsy, of whom 3 (18%) 

had intermediate- or high-risk cancer on whole-mount pathology. By contrast, 20 patients 

(the sum of all “no cancer” values for standard biopsy in all the cells; ie, 4 + 2 + 1+3 + 2 + 

1+7) were diagnosed with prostate cancer only on targeted biopsy, of whom 12 (60%) had 

intermediate- or high-risk cancer on whole-mount pathology. When the ability of 

preoperative biopsy to predict whole-gland pathology was examined, the sensitivity of 

targeted biopsy was 77% vs 53% for standard biopsy while the specificities were similar 

(targeted, 68%, vs standard, 66%). The AUC for targeted biopsy (0.73) was significantly 

greater than that of either standard biopsy (0.59, P = .005) or combined biopsy (0.67, P = .

04) (Table 2).

A decision curve analysis was performed to assess the clinical utility of using each of these 

3 biopsy approaches to guide the decision in whom to recommend surgery. Two additional 

decision guidance approaches (surgery for no one and surgery for everyone with cancer, 

regardless of risk) were also incorporated for comparison. The eFigure in the Supplement 

demonstrates that within the clinical range where treat no one and treat everyone with 

surgery are not the optimal options, the optimal approach to deciding on surgery was by 

using targeted biopsy to guide decision making as reflected by the higher net benefit seen on 

the targeted biopsy curve compared with the standard biopsy and combined biopsy curves.

No-Prior-Biopsy Subcohort Analysis

Patients with no prior prostate biopsies were examined separately to assess for potential bias 

in patients with a history of prior prostate biopsy sessions (such as enrichment for anterior or 

other standard biopsy occult lesions). Within the 196-patient no-prior-biopsy cohort, 46 

patients (42%) had low-risk, 18 patients (16%) had intermediate-risk, and 46 patients (42%) 

had high-risk prostate cancer. There was no significant difference between the targeted 

biopsy risk distribution in the no-prior-biopsy patient cohorts and the cohort with prior 

biopsies (P = .52). The standard biopsy risk distribution was higher among patients without 

prior biopsy and not significantly different from the targeted biopsy distribution of that 

cohort. The effect of adding standard biopsy to targeted biopsy was similar as well in the no-

prior-biopsy cohort with no change in risk status in 85% of both the no-prior-biopsy cohort 

and the total cohort. Upgrading to high-risk disease by use of combined biopsy occurred in 7 

patients (4%) in the no-prior-biopsy patient cohort, which was similar to the rate in the total 

cohort (2%) (eTable 2 in the Supplement).
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Discussion

In this study, targeted biopsy significantly increased the detection of high-risk prostate 

cancer while decreasing the detection of low-risk prostate cancer compared with standard 

biopsy. Targeted biopsy had a greater accuracy than standard biopsy or the 2 combined for 

intermediate- to high-risk disease on prostatectomy and a higher sensitivity of 77% vs 53%. 

The utility of standard biopsy in addition to targeted biopsy was also found to be limited. 

The number needed to biopsy by standard biopsy in addition to targeted biopsy to diagnose 

1 additional high-risk tumor was 200 men. Furthermore, for every 1 additional high-risk 

tumor diagnosed, 17 additional low-risk tumors would also be diagnosed.

This study demonstrated that targeted biopsy could significantly change the distribution of 

risk in men newly diagnosed with prostate cancer toward diagnosis of more high-risk 

disease. Although these improvements in risk stratification could translate into substantial 

clinical benefits, it is important to recognize that this study is preliminary with regard to 

clinical end points such as recurrence of disease and prostate cancer–specific mortality. 

These findings provide a strong rationale for the conduct of randomized clinical trials to 

determine the effect of targeted biopsy on clinical outcomes.

Cost is another important issue that will have to be addressed with the dissemination of this 

technology. While the technology itself has some cost associated with it, the greatest 

increase in cost is due to the MRI performed on each patient. A related topic has been 

studied for MRI in-gantry biopsy in an extensive analysis demonstrating that when the 

benefits of improved risk stratification were considered, the expected costs per patient were 

virtually the same. Similar studies in relation to MR/ultrasound fusion biopsy will need to be 

performed.29

This study has a number of limitations. The majority of the 1003 patients had 1 or more 

previous biopsies. The study population consisted of patients referred to a single institution, 

which could have introduced selection bias. Future validation of these findings in a large 

biopsy-naive screening population may clarify the implications of this paradigm for 

screening. Second, patients with no lesions visible on MP-MRI were excluded from the 

study. Data from institutions where standard biopsy is routine for patients with negative MP-

MRI results have demonstrated that a negative MRI has a negative predictive value of 83% 

for any prostate cancer and 98% for Gleason 7 or greater prostate cancer.30 Thus, the cohort 

of negative MP-MRI results is unlikely to harbor many patients with undiagnosed 

intermediate- to high-risk disease, and it is therefore unlikely that inclusion of these patients 

with negative MP-MRI results in the study would have changed the outcome significantly. 

Third, all of the MP-MRIs in our study cohort were read by 2 highly experienced 

genitourinary radiologists. Reproducing these findings may be challenging until sufficient 

experience in the interpretation of these studies has been attained at centers newly adapting 

this technology.
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Conclusions

Among men undergoing biopsy for suspected prostate cancer, targeted MR/ultrasound 

fusion biopsy, compared with standard extended-sextant ultrasound-guided biopsy, was 

associated with increased detection of high-risk prostate cancer and decreased detection of 

low-risk prostate cancer. Future studies will be needed to assess the ultimate clinical 

implications of targeted biopsy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Steps for Magnetic Resonance/Ultrasound Fusion–Guided Biopsy
A, Prebiopsy multiparametric magnetic resonance imaging (MP-MRI) that includes 

anatomical (T2-weighted) and functional (dynamic contrast-enhanced and apparent 

diffusion coefficient) imaging is obtained and reviewed by a radiologist. Axial images all 

demonstrate a lesion suspicious for prostate cancer (yellow arrowheads). This lesion would 

be marked by a radiologist in preparation for fusion biopsy. B, At the time of MR/ultrasound 

fusion biopsy, a real-time axial transrectal ultrasound is performed to assist with needle 

guidance. The MR/ultrasound fusion platform overlays the outline of the lesion suspicious 

for prostate cancer (green line) and contour of the prostate (red line). The platform also 

synchronizes the transrectal ultrasound image with a location in the prostate and recreates an 

axial MRI based on the T2-weighted image to correlate with the location of the ultrasound 

image. A dotted red line demonstrates the path of the needle, and when a biopsy is 

performed, the location can be recorded as shown here with the yellow line. C, At the 

conclusion of the biopsy, a 3-dimensional map from the data above is generated, 

demonstrating the contour of the prostate (red), the location of the tumor lesion (green), the 

location of the standard extended-sextant biopsies (purple cores), and the location of the 

targeted MR/ultrasound fusion biopsies (yellow cores).
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Figure 2. Flowchart for Study Inclusion Among Men Undergoing Both Targeted and Standard 
Biopsy
MP-MRI indicates multiparametric magnetic resonance imaging.

Siddiqui et al. Page 13

JAMA. Author manuscript; available in PMC 2015 September 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. Comparison of Pathology From Standard Extended-Sextant Biopsy and Targeted MR/
Ultrasound Fusion Biopsy for Prostate Cancer
Pathologic outcomes per individual of targeted magnetic resonance (MR)/ultrasound fusion 

biopsies compared with standard extended-sextant biopsies for total cohort of 1003 men. 

Orange shading indicates patients in whom targeted MR/ultrasound fusion biopsy upgraded 

prostate cancer risk category in relation to standard extended-sextant biopsy. Dark orange 

indicates cases in which the upgrade was to an intermediate- or high-risk category, Blue 

shading indicates patients in whom standard extended-sextant biopsy upgraded prostate 

cancer risk category in relation to targeted MR/ultrasound fusion biopsy. Dark blue indicates 

cases in which the upgrade was to an intermediate- or high-risk category.
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Figure 4. Comparison of Whole-Mount Prostatectomy Pathology Outcome With Targeted 
Magnetic Resonance (MR)/Ultrasound Fusion Biopsy and Standard Extended-Sextant Biopsy 
Pathology for Prostate Cancer
Pathologic outcomes of the standard and targeted prostate biopsy as well as the subsequent 

pathology from the prostatectomy specimen for all 170 men in the study who underwent the 

surgery. The table can be read by examining the whole-mount pathology of interest on the 

top, the targeted biopsy pathology of interest on the side, and then the standard biopsy 

pathology of interest within each cell. For example, the shaded row is the distribution of 

patients not diagnosed with cancer on targeted biopsy but were ultimately found to have 

cancer on standard biopsy and prostatectomy.
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Table 1
Patient Demographics

All Patients Who Had 
Biopsy

No-Prior-Biopsy Cohort Prostatectomy Cohort

No. of men (% of total) 1003 196 (20) 170 (17)

Age, mean (SD), y 62.1 (7.5) 61.2 (8.1) 60.2 (7.3)

PSA, median (IQR), ng/mL 6.7 (4.4-10.7) 5.3 (3.3-8.1) 6.8 (4.4-10.7)

Prostate volume, median (IQR), cm3 49 (36-71) 42 (34-54) 39 (30-48)

Prior negative biopsy, No. (%) 432 (43) 0 45 (26)

Cancer suspicion score on MP-MRI, No. (%)a

 Low 176 (18) 37 (19) 28 (16)

 Moderate 718 (72) 129 (66) 114 (67)

 High 109 (11) 30 (15) 28 (16)

Tumor staging, No. (%)b

 T1c 902 (89) 161 (82)

 T2a 93 (9) 30 (15) 22 (13)

 T2b 3 (0.3) 2 (1) 3 (2)

 T2c 5 (0.5) 3 (1.5) 110 (65)

 T3a 25 (15)

 T3b 8 (5)

 T4 2 (1)

No. of lesions on MP-MRI, mean (SD) 2.7 (1.3) 2.9 (1.4) 3.1 (1.3)

Patients with anterior lesions, No. (%) 446 (44) 67 (34) 87 (51)

Targeted MR/ultrasound fusion biopsy cores per 
patient, mean (SD)

5.3 (2.6) 5.8 (2.7) 6.2 (2.5)

Systematic extended-sextant biopsy cores per patient, 
mean (SD)

12.3 (0.7) 12.4 (1.0) 12.3 (0.7)

Abbreviations: IQR, interquartile range; MP-MRI, multiparametric magnetic resonance imaging; PSA, prostate-specific antigen.

a
Based on appearance of lesion on the 4 different MRI parameters as noted in the Methods.

b
Clinical staging for biopsies and pathologic staging for prostatectomy cohort.
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Table 2
Performance of Different Biopsy Approaches in the Detection of Intermediate- toHigh-
Risk Prostate Cancer on Whole-Gland Prostatectomy Specimen

Targeted MR/Ultrasound 
Fusion Biopsy Standard Extended-Sextant Biopsy Combined Biopsy

Sensitivity, % (95% CI) 77 (67-84) 53 (43-63) 85 (76-91)

Specificity, % (95% CI) 68 (57-78) 66 (54-76) 49 (37-60)

Negative predictive value, % (95% CI) 70 (58-80) 53 (43-63) 73 (58-84)

Positive predictive value, % (95% CI) 75 (65-83) 66 (54-76) 67 (58-75)

Accuracy, % (95% CI) 73 (70-76) 59 (55-63) 69 (65-72)

AUC (95% CI) 0.73 (0.66-0.79) 0.59 (0.52-0.67) 0.67 (0.60-0.74)

 P value of comparison with targeted MR/
ultrasound biopsy

.005 .04

Abbreviations: AUC, area under the curve; MR, magnetic resonance.
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