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Cognitive targeted biopsies require the least amount of financial 
investment, but its success depends on a high level of technical expertise 
in both MRI interpretation and real time localization of the target 
lesion(s).10 The relationship between lesion characteristics (such as size 
and localization) and cancer detection is difficult to assess.2

We developed a coordinate-based system to register the spatial 
location of prostatic lesion(s), see Figure 1, as a tool to support 
cognitive targeted prostate biopsies for patients with MRI prostate-
detected lesions. In this feasibility study, we prospectively applied three-
dimensional coordinates to guide cognitive targeted prostatic biopsies.

PATIENTS AND METHODS
Patient cohort for targeted prostate biopsies
Consecutive patients undergoing diagnostic investigation for prostate 
cancer in the Department of Urology, NHS Greater Glasgow and Clyde 
(South Sector), Glasgow, UK, were considered for coordinate-guided 
targeted prostate biopsies. Suitable patients were identified following 
diagnostic MRI (see details below). MR prostate imaging was performed 
in accordance with recent consensus recommendations.11 Patients 
with detected lesions of Prostate Imaging-Reporting and Data System 

INTRODUCTION
Prostate cancer is the second most common malignancy affecting 
men worldwide.1 Opportunistic screening for prostate cancer with 
prostate-specific antigen (PSA) testing and digital rectal examination 
may result in unnecessary prostate biopsies and the detection of 
indolent disease, resulting in risk of overtreatment particularly in 
clinically insignificant prostate cancer. Prebiopsy multiparametric 
magnetic resonance imaging (mpMRI) of the prostate is significantly 
impacting on the diagnostic pathway of prostate cancer.2,3 For the 
majority of centers with a targeted prostate biopsy service, both 
MRI-transrectal ultrasound (MRI-TRUS) fusion biopsies and 
cognitive targeted biopsies are deemed acceptable, with similar 
cancer detection incidence in a recent systematic review.4,5

MRI-guided in-bore prostate biopsies are reported to be the most 
accurate, but suffer from high (setup and running) costs, with one 
recent study finding an increase in costs of 150% for fusion biopsy with 
sedation and 125% for in-bore MRI biopsy with sedation compared to 
standard TRUS-biopsy.6 Furthermore, in-bore MRI biopsy has a low 
throughput and requires substantial technical requirements and results 
in significant discomfort to patients.7–9
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(PIRADS) v2 score 3 or above were included in this study. Patients 
were excluded if they had (1) PIRADS v2 score 1 or 2 lesions (which are 
associated with significantly reduced likelihood of yielding clinically 
significant prostate cancer12), (2) previous history of a diagnosis of prostate 
cancer, including those patients on active surveillance, or (3) extensive 
lesions within the prostate visualized by MRI as these lesions are expected 
to be detected by standard (transrectal ultrasound, TRUS, guided) 
peripheral zone sampling biopsies. Ninety-three men (July 2017–May 
2018) with 106 targetable lesions were identified and received targeted 
(transrectal) biopsies as part of their diagnostic investigations. Auditing 
of the data was performed in accordance with the local policy of the 
Audits Department, NHS Greater Glasgow and Clyde Health Board. 
Patient consent was not required as cognitive targeted prostate biopsies 
are part of routine clinical practice. To ensure consistency, coordinates 
from consecutive cases deemed suitable for targeted biopsies (namely 
PIRADS 3 or above) were determined by a single radiologist and prostate 
biopsies (n = 2–3 per lesion) were then performed by a single urologist. 
Systematic biopsies of the prostate were not undertaken at the time of 
targeted biopsies, with only the lesions of interest being sampled. In 
patients with more than one targetable lesion of PIRADS ≥3, these were 
biopsied in turn during the same sitting, with individual coordinates 
obtained for each lesion of interest. All patients were biopsied transrectally. 
No patients were on an active surveillance protocol for known prostate 
cancer. Clinically significant disease in this patient cohort is defined as 
Gleason score ≥7 or Gleason 6 with PSA >20 ng ml−1.

Diagnostic MRI prostate scan
Selected MRI scanners within NHS Greater Glasgow and Clyde were 
optimized for MR prostate imaging. 1.5 Tesla field strength MRI 
scanners (Siemens Aera scanners, Siemens, Germany; Philips Ingenia, 
Philips, Eindhoven, the Netherlands) were used with a body array coil 
to image the prostate and pelvis. Sequences obtained included small 
field of view (FOV) multiplanar T2-weighted imaging (sagittal, axial, 
and coronal planes, 3-mm thickness) and axial diffusion-weighted 
imaging (DWI), with dynamic contrast-enhanced (DCE) imaging in 
selected patients. DWI b-values varied by scanner model but invariably 
included high b-values of up to 1400 s mm−². The b-values and apparent 
diffusion coefficient (ADC) mapping were assessed qualitatively.

Three-dimensional coordinate system for registering lesions of interest
For each hemiprostate, each dimension is split into four equally sized 
intervals, which are numbered 1–4. As illustrated in Figure 1, the 
X-coordinate denotes the relative distance from the midline (urethra) to 
the lateral margin of the prostate, in a right or left orientation. Similarly, 
the Y- and Z-coordinates denote the relative distance from the apex to the 
base and from the rectum forward (toward the pubic symphysis) of the 
prostate gland, respectively. Using this coordinate system, we can then 
assign one or more coordinate tuples to each lesion depending on its 
location and size. In Figure 1, the XZ (or transverse) view of the prostate 
corresponds to the transverse image during TRUS of the prostate, while 
the YZ (or sagittal) view mirrors that seen for the longitudinal view of 
the prostate during TRUS imaging. At the time of performing cognitive 
(transrectal) targeted prostate biopsies, the practitioner rotates the TRUS 
probe to the required X (medial-to-lateral) coordinate while maintaining 
alignment to the prostate; following which, angulation of the TRUS probe 
then allows the targeting of specific location in accordance of the Y and 
Z coordinates as assessed by the sagittal (YZ) view.

Statistical analyses
To examine the relationship between the location of lesions and their 
respective histopathology outcome, we fit a binary logistic regression 

model within a Generalized Estimating Equations13 framework to 
the data. Generalized Estimating Equations allow the estimation of 
parameters of a generalized linear model with the potential for a 
possible unknown correlation between outcomes (in this case lesion 
location and histopathological outcome). The three coordinate values 
(X, Y, and Z) and prostate volume were included as independent 
variables, subject was included as the cluster identifier, and cancer 
status (histopathological outcome: cancer versus benign) was taken to 
be the response variable. Full details of the methodology are included 
in the Supplementary Information.

RESULTS
Coordinates from consecutive cases deemed suitable for targeted 
biopsies (lesions with PIRADS ≥3) were determined and prostate 
biopsies were performed, with 2–3 tissue cores obtained per lesion. 
Ninety-three men (July 2017–May 2018) with 106 targetable lesions 
were studied. Table 1 shows the patient demographics and relevant 
clinical parameters. Consistent with reported series of targeted 
prostate biopsies,14,15 Forty-two of 93 (45.2%) patients were found to 
have prostate cancer, with 25 (59.5%) of 42 men affected by clinically 
significant disease (Table 2 and 3). Looking at individual lesions, 
among 45 of 106 lesions (42.5%) positive for cancer, 27 lesions (60.0%) 
harbored clinically significant disease (defined as Gleason score ≥7 or 
Gleason 6 with PSA >20 ng ml−1). PSA density was significantly higher 
in patients with proven cancer (median: 0.264 ng ml−2, interquartile 
range [IQR]: 0.240) when compared to the noncancer group 
(median: 0.145 ng ml−2, IQR: 0.116; P = 0.003, Wilcoxon rank-sum 
test; Figure 2). Lesions with PIRADS score of 5 were found to have a 

Figure 1: Cross-sectional view of the three-dimensional coordinate system 
that is used to target lesions of interest. (a) Cartoon illustrates the coordinate 
system. (b) Images from transrectal ultrasound scan to highlight the 
coordinates in each of the three axes. The X-axis is oriented laterally, with 
+1 to +4 denoting lesions on the right-hand-side of the midline and −1 to −4 
denoting lesions on the left-hand-side of the midline. The Y-axis is oriented 
longitudinally, with 1 denoting the apex of the gland and 4 denoting the base 
of the gland. The Z-axis is oriented such that 1 denotes the posterior region of 
the gland and 4 denotes the anterior region of the gland. Note that the scale 
of each axis varies depending on the size of the prostate. R: right; L: left.
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cancer incidence of 65.2%, while PIRADS 4 and 3 lesions have a lower 
risk of cancer detection, as expected, at 37.3% and 31.3%, respectively. 

We performed spatial outcome analysis based on the coordinates 
of individual lesions and the respective “cancer versus noncancer” 
status following prostate biopsies. From the data on incidence 
and histopathology outcome in the XY, XZ, and YZ marginal 
planes (Figure 3, Supplementary Figure 1 and Supplementary 
Information), we observed a possible trend along the Y dimension 
(from prostatic apex to base), with lower Y values (nearer the apex 
of the prostate) associated with a relatively higher proportion of 
cancerous lesions. From our binary logistic regression model (with 
Generalized Estimating Equations), the P-values for the X, Y, Z, 
and prostate volume coefficients were 0.2751, 0.0003, 0.0903, and 
0.0033, respectively (Supplementary Table 1), suggesting a potential 
association between the Y component and prostate volume with 
the detection of cancer following targeted biopsies. Specifically, we 
found that for every unit increase in Y (i.e., as we tend toward the 
prostatic base), the odds of cancer detection decreases by a factor of 
2.62 (95% confidence interval [CI]: 1.55–4.44). The drop in cancer 
detection toward the prostatic base can arise from inadequate number 
of biopsy cores taken and/or technical deficiency. Our analysis also 
revealed an association between prostate volume and the detection 
of cancer; with the model indicating that for every 1 ml increase in 
prostate volume, the odds of cancer detection decreases by a factor 
of 1.03 (95% CI: 1.01–1.05).

DISCUSSION
Template or sector-based approaches such as the Ginsberg protocol16 
can direct biopsies to the individual prostatic “zones.” For cognitive 
targeted biopsies, urologists interpret the scans themselves or 
collaborate with uroradiologists to mark up lesion(s) on paper-based 

templates, with predetermined prostatic zones, e.g., 12 segments, 
namely left and right; basal, mid, and apical; and anterior or posterior17 
or as many as 24 regions as described by Haffner et al.18 However, 
urologists will need to refer to the hand-drawn template map during the 
biopsy procedure, and radiologists will need to spend time to mark up 
the template maps in multiple planes. The coordinate approach avoids 
the need for the radiologists to physically draw on a template map and 
can direct prostate biopsies via both transrectal and transperineal routes 
with minimal setup time. This report is based on a single urologist/
uroradiology partnership. It is necessary to carry out validation in 
other centers.

The value of input from uroradiologists is well reported and is 
associated with enhanced cancer detection rates. A cancer detection 
rate of 33.1% (131/396) was reported when cognitive biopsies were 
performed by a urologist alone.19 Higher cancer detection rates of 68.5% 
(37/54), or 48.6% for clinically significant disease, can be achieved 
when a uroradiologist was present during biopsies.11 The coordinate 
approach only requires the uroradiologist to nominate the location 
of the target lesion(s) in the predetermined X-Y-Z axes rather than 

Table 1: Patient demographic and clinicopathological information

Patient factors All Benign Insignificant cancer Significant cancer

Age (year), mean (median, range) 66.91 (67, 42–80) 65.50 (65.5, 42–80) 65.72 (66, 56–77) 70.89 (72, 46–79)

PSA (ng ml−1), mean (median, range) 11.00 (8.90, 0.2–52.6) 9.37 (8.00, 0.2–31.2) 8.60 (7.85, 4.4–19.6) 15.63 (14.95, 1.7–52.6)

Prostate volume (cm3), mean (median, range) 51.17 (43.40, 17.2–142.0) 56.57 (54.20, 17.2–142.0) 47.57 (39.40, 24.5–104.0) 38.87 (33.00, 19.1–79.4)

Number of previous biopsies (n), mean 
(median, range)

0.96 (1, 0–4) 0.98 (1, 0-4) 0.72 (1, 0–3) 1.00 (1, 0–3)

Mean values shown with median and range in bracket. See Supplementary Information on statistical analysis on association between individual parameters and cancer status. 
PSA: prostate-specific antigen

Table 2: The breakdown of histopathology outcome according to the reported Prostate Imaging-Reporting and Data System scores

PIRADS/histology Benign Overall cancer Clinically insignificant cancer Clinically significant cancer Atypia

3, n (%) 10 (62.5) 5 (31.3) 5 (31.3) 0 (0) 1 (6.3)

4, n (%) 41 (61.2) 25 (37.3) 7 (10.4) 18 (26.9) 1 (1.5)

5, n (%) 7 (30.4) 15 (65.2) 6 (26.1) 9 (39.1) 1 (4.3)

Total number of lesions=106. PIRADS: Prostate Imaging-Reporting and Data System

Table 3: The breakdown of prostate cancer (n=45) identified by 
coordinates guided cognitive targeted prostate biopsies

Gleason grade (Group 1–5) Number of lesion (n) Number of patient (n)

1 21 20

2 18 17

3 3 3

4 3 3

5 0 0

Three patients with Gleason Grade 1 disease presented with PSA >20 ng ml−1 were 
included in the significant cancer group for analysis. PSA: prostate-specific antigen

Figure 2: Box and Whisker plot summarizing the analysis of PSA density 
between cancer and noncancer groups. PSA density is significantly greater 
in patients with targeted biopsy proven cancer (median: 0.264 ng ml−2, 
IQR: 0.240), when compared to noncancer group (median: 0.140 ng ml−2, 
IQR: 0.116; P = 0.003, Wilcoxon rank-sum test). In the Box and Whisker 
diagram, the middle band represents the median value, the upper and lower 
box represents the upper and lower quartiles, whiskers extend from the upper 
and lower quartiles by 1.5× the interquartile range, individual patients are also 
plotted as solid black points overlaid on the boxplots. PSA: prostate-specific 
antigen; IQR: interquartile range.
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physically marking up the lesion in each plane; this process is quicker, 
reducing the reporting time.

We have constructed a three-dimensional coordinate-based system 
for targeting prostate lesions. Our exploratory analysis revealed a 
possible association between the Y-coordinate (longitudinal axis, 
from the prostatic apex to the base) and histopathology. We then used 
binary logistic regression within a Generalized Estimating Equations 
framework to show that there is evidence of a relationship between 
the Y-coordinate of a lesion’s centroid and the probability that the 
lesion is cancerous, where the probability of cancer decreases as the 
Y-coordinate increases (i.e., as we move from the base to the apex of 
the prostate). Besides specific spatial location within the prostate, we 
also identified prostatic volume as a significant factor in the detection 
of cancer. As the absolute dimension of each coordinate unit depends 
on the prostate volume, additional biopsies from individual “grid” 
units may be required in larger prostates, as described previously.20 
The use of Generalized Estimating Equations supports the analysis 
of all lesions from our patient cohort regardless of the number of 
lesion(s) present in individual patients, thus avoiding the need to 
assume individual lesions within the same patient being independent 
or to average the information from the coordinates of different lesions 
within one prostate gland.

Irrespective of the registration method utilized, MRI-targeted 
prostate biopsies outperform systematic biopsies for the detection of 
clinically significant cancer.2 However, MRI-guided fusion biopsy of 
the prostate does come at significant cost, with fusion biopsy approach 
estimated to be 2.5 times more expensive than standard TRUS-guided 
systematic (sampling) biopsy of the prostate.6 Cognitive biopsy of 
the prostate is less expensive than fusion biopsy as it is quicker and 
nullifies the need for a fusion-platform device as well as the time 
for fusion registration of the images to an ultrasound machine.21 
Furthermore, in a randomized controlled trial comparing systematic 
biopsy versus systematic biopsy plus MRI-guided cognitive targeted 
biopsy of the prostate, mpMRI-guided cognitive biopsy of the prostate 
significantly improved the detection of clinically significant prostate 
cancer.22 Compared to the literature on “learning curve” associated 
with targeted prostate biopsy by fusion-targeted prostate biopsy,23–25 
to our knowledge, the evidence outlining the learning curve and 

risk of operator-related targeting errors for cognitive biopsy of the 
prostate is lacking, with only one reported small single-surgeon series 
evaluating the learning curve which proposed the need for further 
studies.26 We developed and piloted a coordinate-based approach to 
support cognitive targeted prostate biopsies, demonstrating comparable 
clinically significant cancer detection rates to other published series.27 
Our hope is that our coordinate-based approach may reduce the 
“variability” of targeting lesions during cognitive prostate biopsy and 
“flatten” the learning curve.

Our study is based on a single surgeon-radiologist series to test 
the feasibility of the coordinates system to support cognitive targeted 
prostate biopsies. Some of the patients had had previous negative 
systematic TRUS-guided biopsies of the prostate, but none of our 
cohort were on an active surveillance program for known prostate 
cancer. Our results may therefore not be generalizable to all patient 
subgroups. We believe that the coordinates system can be easily 
applied in a transperineal route of biopsy. A future study to evaluate the 
application of the coordinates in transperineal-based biopsies is required 
as transperineal prostate biopsies are increasingly adopted to minimize 
the risk of biopsy-related sepsis.28 In our series, three of 93 patients 
experienced significant adverse symptoms that warranted hospital 
admission within 30 days of targeted prostate biopsies. Three patients 
(3.2%) developed urinary sepsis. No patients (0%) experienced urinary 
retention. While we may expect a lower risk of sepsis with targeted 
biopsies as fewer biopsies were performed on each patient, the absolute 
risk of an infective episode among our patients may be increased as many 
of them have had previous prostate biopsies, with 61 of 93 (66.0%) had 
one or more sets of transrectal prostatic biopsies before.

Collectively, our data suggest that the coordinate-based approach 
is a simple tool to support targeted prostate biopsies. The coordinate-
based approach can be applied for both transrectal and transperineal 
prostate biopsies. Ultimately, these data need to be correlated to data 
from pathologic evaluation in those patients undergoing radical 
prostatectomy. It will be useful to carry out external validation on the 
reproducibility of the coordinate system in other centers. We propose 
that the use of coordinates will facilitate the adoption of prebiopsy MR 
of the prostate without capital investment and staff costs associated 
with MRI-TRUS fusion systems.

Figure 3: Marginal distribution of lesions for the (a) XY plane, (b) XZ plane, and (c) YZ plane, where we see that the more lesions cover the central area of the 
X and Y axes, and the higher area of the Z-axis. We also include marginal distributions for the proportion of lesions that are cancerous in the (d) XY plane, 
(e) XZ plane, and (f) YZ plane. Note that there appears to be a possible trend along the Y-axis, with lower values of Y possibly corresponding to a higher 
proportion of cancerous lesions. X: midline to lateral for right and left of the prostate; Y: apex to base of the prostate; Z: posterior to anterior of the prostate. 
Therefore, XY plane signifies the transverse plane, XZ plane refers to coronal (frontal) plane, and YZ plane represents sagittal. R: right; L: left.
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Supplementary Information

EXPLORATORY ANALYSIS
To search for possible spatial trends, we generated two heat-maps for each two-dimensional marginal plane. The first set of heat-maps show 
the marginal distribution of lesions (Figure 3a-3c), whilst the second set of heat-maps show the corresponding percentage of lesions that were 
classified as being cancerous (Figure 3d-3f).

We see from Figure 3a that more lesions tend to cover the middle of the XY marginal plane than the edges, and that (X,Y) = (L2,3) contains 
more lesions (24, in total) than any other marginal coordinate. From Figure 3d, we see that lower values of Y appear to be associated with a 
higher percentage of cancerous lesions, whilst higher values of Y appear to be associated with a lower percentage of cancerous lesions (note that 
no lesions in our sample covered the marginal coordinate (X,Y) = [L4,1]). Figure 3b shows that more lesions cover the middle of the X-axis 
and the top of the Z-axis, whilst Figure 3e does not show any obvious trend in terms of histopathology along the XZ marginal plane. Finally, 

Supplementary Table 1: Results of binary logistic mixed-effects regression

Variable OR (95% CI) P

(Intercept) 12.5827 (2.0402–77.6005) 0.0064

X 0.8656 (0.6680–1.1217) 0.2751

Y 0.3819 (0.2254–0.6470) 0.0003

Z 1.4225 (0.9461–2.1389) 0.0903

Prostate volume 0.9710 (0.9521–0.9902) 0.0033

The Y and prostate volume odds ratios were found to be significantly different from 1, with higher values of Y and prostate volume associated with lower incidences of cancer. OR: odds 
ratio; CI: confidence interval

Supplementary Figure 1: One-dimensional marginal dot plots of cancer status (plots [a-c]) and marginals for the proportion of cancerous lesions (plots [d-f]) 
using the centroid of each lesion. In plots (d-f), the red-dashed line denotes the line-of-best-fit. Note, from plot (e), that there appears to be a possible trend 
along the Y-axis.
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