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Background: Systematic prostate biopsies add to the cancer detection rate of targeted
biopsies, but the explanation for that increased sensitivity is not yet clear.
Objective: To determine and quantify the utility of perilesional biopsies in the detection
of clinically significant prostate cancer (csPCa).
Design, setting, and participants: Participants were 2048 men with magnetic resonance
imaging (MRI) lesions (grades 3–5) who underwent targeted and systematic prostate
biopsy via MRI/ultrasound fusion at University of California Los Angeles and Cornell
between 2011 and 2019. The study is a retrospective examination of prospectively
acquired data.
Outcome measurements and statistical analysis: All biopsy cores (30 191), locations of
which had been stored digitally in the image-fusion device, were analyzed for tissue
pathology and relationship with MRI lesions. A validated Matlab script was used to
determine the distance between MRI lesions and cores containing csPCa (3552 cores
from 927 men). Significance of distance measurements was determined by multilevel,
multivariable logistic regression to account for within patient-biopsy correlation and
control for patient characteristics.
Results and limitations: Overall, 90% (95% confidence interval [CI] = 89–91) of csPCa
cores (3206/3552) were located within a radius of 10 mm from the nearest lesion:
65% (95% CI = 63–67) within the region of interest (ROI) and 26% (95% CI = 24–27) out-
side the ROI but within the 10-mm ‘‘penumbra.’’ The width of the penumbra or concen-
tric band, which enclosed 90% of csPCa, was primarily related to MRI grade of lesion:
grade 5, 5 mm; grade 4, 12 mm; grade 3, 16 mm. In 18% (95% CI = 15–20) of patients
(166/927), csPCa was diagnosed only by sampling outside the MRI lesion, the yield
decreasing with increasing distance. Limitations of MRI interpretation and fusion biopsy
performance could affect the utility of these data in individual patients.
Conclusions: Perilesional biopsies, that is, samples taken from a band of 10-mm radius
outside MRI lesions (the penumbra), contain most cores of csPCa that are not present
ogy. Published by Elsevier B.V. All rights reserved.
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within the lesion. These data may help increase the performance characteristics of tar-
geted prostate biopsy.
Patient summary: We studied the locations of cancer within the prostate in men under-
going magnetic resonance imaging (MRI)-guided biopsy. We found that not all cancers
are located within the MRI lesion, but 90% (95% confidence interval = 89–91) of the can-
cers are within 1 cm of the lesions. Biopsies taken from both within and around MRI
lesions provide greater sensitivity for cancer detection than samples taken from the
lesion only.
� 2022 European Association of Urology. Published by Elsevier B.V. All rights reserved.
1. Introduction

Contemporary prostate biopsy is magnetic resonance imag-
ing (MRI)-guided biopsy (MRGB) and, when a lesion is pre-
sent, includes both lesion-targeted and systematic
sampling, a combination of the two methods. Combination
biopsy leads to a greater yield of clinically significant can-
cers (csPCa) than either method alone [1–7]. However, the
distribution of cancer relative to the region of interest
(ROI) and how systematic biopsy adds sensitivity to tar-
geted biopsy are not clear. Explanations might include
MRI invisibility of some cancers, increased numbers of tis-
sue cores with systematic biopsies, tumor heterogeneity,
errors in coregistration when fusion devices are used, and
various targeting errors.

A further explanation, offered by van der Leest et al [7], is
that some of the cancer-containing ‘‘systematic’’ cores were
actually obtained from regions near the MRI lesion (perile-
sional). A retrospective review of systematic cores, by other
authors, similarly demonstrated csPCa in perilesional cores
[8,9]. That the perilesional radius is often a site of cancer is
consistent with Priester et al’s [10] finding that MRI-visible
lesions underestimate actual tumor volume. In a consensus
statement, perilesional sampling was recommended [11]
and validated to an extent by Lahoud et al [9]. However,
data to define and quantify the value of perilesional biopsies
are not yet available.

To study the relevance of perilesional biopsies, we
devised a method for determining the intraprostatic dis-
tance between MRI-visible lesions (the ‘‘umbra’’) and sys-
tematic biopsy sites apart from the lesions. We aimed to
define a ‘‘penumbra,’’ a radius around the MRI lesion in
which cancer is likely. With such information, increased
sensitivity of biopsy might ensue, and were partial gland
ablation to be considered, important information was pro-
vided about treatment margins. The present work, which
derives from two different cohorts and >30 000 individual
biopsy cores, is an expansion of a preliminary report by
Raman et al [12]. Based on the cited observations, we
hypothesized that the majority of csPCa was located border-
ing the MRI-visualized ROI.

2. Patients and methods

2.1. Participants

Consecutive men undergoing the first MRGB between April 2011 and

April 2019 at University of California Los Angeles (UCLA) Medical Center

or Weill Cornell Medical Center were considered for the study (Table 1).
ester, J. Ballon et al., Targete
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The participants included were 2048 men with MRI-visible lesions (MRI

grade 3, 4, or 5); all underwent both targeted and systematic biopsy

(Fig. 1A). The study was considered exploratory; a review of data

prospectively acquired in protocols is detailed elsewhere [13,14]. Con-

sent forms were approved in advance by an institutional review board

at each institution.

2.2. MRI-guided biopsy

Details of biopsy method, MRI performance, pathologic processing, and

clinical data acquisition have been described in detail previously

(Fig. 1) [1,14–16]. In brief, fusion biopsies were preceded within 3 mo

by transabdominal 3 T MRI, which included contouring of lesions, MRI

grade �3, using Prostate Imaging Reporting and Data System (PI-

RADS) v2 and before 2015 a Likert score [14].

Patients underwent transrectal MRGB using the Artemis device (Arte-

mis; Eigen Corp, Grass Valley, CA, USA). At UCLA, biopsies were performed

by a coauthor (L.M.). At Cornell, biopsies were performed by a coauthor (J.

H.) along with four other experienced practitioners. Patients had three or

more biopsy cores taken from within the MRI lesion (ROI), following

which cores were obtained from spots in a 12-point template (Fig. 1A).

The spatial location of each biopsy site was recorded in real time via

ProFuse software, stored for later recall in the Artemis hard drive, and

linked to the pathology of that core. For each biopsy core, the maximum

Gleason score was recorded. Clinically significant prostate cancer (csPCa)

was considered Gleason �3 + 4.

2.3. Distance calculations

Biopsy location was recorded in real time by marking the hyperechoic

path of the needle on the Artemis display. The proximal and distal ends

of each biopsy excursion were digitally recorded and then stored in the

hard drive for later recall. The shortest distance between each biopsy vec-

tor and the surface of the nearest ROI was calculated using a software

script developed in Matlab (MathWorks, Natick, MA, USA) by a coauthor

(A.P.). To validate the accuracy of the script, the script-derived distances

were compared with manually measured distances using 3D Slicer

(https://www.slicer.org) in a random set of 20 cases (300 cores). The dis-

tances were uniformly within 2 mm of each other. The use of a Matlab

script for a similar purpose was described in detail by Kasabwala et al

[13]. All cores passing within the ROI volume were assigned a distance

of zero. Biopsies with no portion within the ROI were assigned the calcu-

lated distance from nearest ROI periphery (Fig. 1A). An ROI was consid-

ered anterior if the geometric center was within 40% of the anterior

border.

2.4. Statistical analysis

Biopsy cores were grouped by distance from ROI surface into one of six

concentric bands. Each band was 5 mm in width, with the sixth band

extending out beyond 25 mm from the ROI surface. The distribution of
d Prostate Biopsy: Umbra, Penumbra, and Value of Perilesional Sampling,
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Fig. 1 – (A) Biopsy method. Cores were obtained from a systematic template (green dots) andMRI lesion (gray area). Targeted biopsy cores are shown as yellow
dots. Numbers indicate distance in millimeters from biopsy core to ROI. A Matlab script was created to evaluate data stored in the Artemis device and to
determine core-to-ROI distances (white lines) for all cores. (B) Example of ‘‘regional targeted biopsy’’ in which cores are obtained from ROI and perilesional
area around the ROI. In the present study, among samples from the template shown in Figure 1A, 90% of all cores positive for csPCa were found within 10 mm
of the ROI. csPCa = clinically significant prostate cancer; MRI = magnetic resonance imaging; ROI = region of interest.

Table 1 – Patient characteristics (N = 2048)

UCLA (n = 1552) Cornell (n = 496) p value

Patient characteristics
Age (yr), median (IQR) 65.8 (60.4, 70.8) 66.8 (61.4, 72.0) 0.006 a

Race, n (%)
African American 76 (5) 35 (7) <0.001
Asian 87 (6) 50 (10)
Caucasian 1055 (68) 197 (40)
Hispanic 30 (2) 13 (3)
Other 59 (4) 38 (8)
Declined/unknown 245 (16) 163 (33)

PSA (ng/ml), median (IQR) 6.7 (4.6, 10.1) 5.9 (4.1, 9.3) <0.001 a

Prostate volume (MRI; cc), median (IQR) 43.0 (32.6, 61.4) 48.8 (36.0, 70.7) <0.001 a

PSA density (ng/ml/cc), median (IQR) 0.14 (0.09, 0.24) 0.11 (0.07, 0.19) <0.001 a

>0.15 739 (48%) 165 (33%) <0.001
Biopsy findings
Total cores per patient, median (IQR) b 16 (15, 17) 14 (10, 15) <0.001 a

Targeted cores per patient, median (IQR) b 5 (4, 6) 3 (2, 4) <0.001 a

Systematic cores per patient, median (IQR) 12 (10, 12) 12 (9, 12) <0.001 a

Max grade group per patient, n (%) c

Benign 468 (30) 221 (45) <0.001
GG1 333 (21) 99 (20)
GG2 389 (25) 86 (17)
GG3 146 (9) 42 (8)
GG4 95 (6) 19 (4)
GG5 121 (8) 29 (6)

GG = grade group; IQR = interquartile range; MRI = magnetic resonance imaging; PI-RADS = Prostate Imaging Reporting and Data System; PSA = prostate-specific
antigen; ROI = region of interest; UCLA = University of California Los Angeles.
a Wilcoxon rank-sum test.
b Totals account for multiple ROIs in some patients. MRI score includes: (1) UCLA Likert score (before 2015), PI-RADS v2 (after 2015).
c Max grade group per patient = highest grade group identified in all biopsy samples for an individual patient.
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csPCa cores was calculated as csPCa cores for each band divided by total

csPCa cores. The cumulative distribution (and 95% confidence interval

[CI]) was presented for additive bands beyond the ROI (Fig. 2A). To

account for the nonindependence of cores within a patient, the 95% CIs

were accounted for the correlated nature of the data. A cancer detection

rate (CDR) was also calculated by dividing prostate cancer (PCa) cores by

total cores for each band (Fig. 3 and 4, and Supplementary Fig. 1). The

CDR was evaluated across bands with a Cochran-Mantel-Haenszel test.

The band-specific CDR was stratified by institution performing biopsy,

MRI grade, prostate-specific antigen (PSA) density, and prostate volume
Please cite this article as: W.G. Brisbane, A.M. Priester, J. Ballon et al., Targete
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(Fig. 4). The impact of radiologist and urologist learning curve was inves-

tigated by evaluating CDR over progressing 2-yr increments (Supple-

mentary Fig. 1A). To further evaluate the association of distance from

ROI with csPCa, a multilevel regression with binomial distribution was

performed at a per-core level of observation using PROC GLIMMIX in

SAS 9.4 (SAS, Cary, NC, USA) with random intercept and patient as the

subject. This multilevel model was an attempt to account for nested

sources of variability (ie, cores within the same patient). The model

included patient and MRI characteristics including age at biopsy (as a

continuous variable), race (as Asian, black, Hispanic, other, white, and
d Prostate Biopsy: Umbra, Penumbra, and Value of Perilesional Sampling,
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Fig. 2 – Diagrams showing (A) overall cumulative distribution of biopsy cores containing csPCa (% of total) in and around MRI lesion (region of interest, ROI)
and (B) relationship of MRI grade on width of band (penumbra) containing 90% of csPCa. Note that (A) 90% of csPCa cores are found within a 10-mm radius
from ROI surface (dashed red line), but only 65% are within ROI; and (B) width of the 90% penumbra (mm) is inversely related to MRI grade. Inset table shows
the relationship of MRI grade with % csPCa in ROI (N = 3552 cores containing csPCa from 927 men). (A) Percent csPCa (95% CI) within boundary—within ROI:
65% (63–67%); 5 mm: 83% (81–84%); 10 mm: 90% (89–91%); 15 mm: 94% (93–95%); 20 mm: 97% (96–98%); and 25 mm: 99% (98–99%). (B) Percent csPCa (95%
CI)—grade 3: 50% (46–54%); grade 4: 60% (57–64%); and grade 5: 74% (71–76%). CI = confidence interval; csPCa = clinically significant prostate cancer; MRI =
magnetic resonance imaging; ROI = region of interest.

Fig. 3 – Per-core detection rate of GG1 and �GG2 cancer. PCa cores/total cores (vertical axis) versus increasing distances from the nearest ROI (horizontal axis).
n = number of patients (number of cores). GG1 cancer follows a more uniform distribution than csPCa, which concentrates around the ROI. The CDR for csPCa
is greatest within the ROI and declines with each 5-mm band moving away from the ROI. CDR = cancer detection rate; csPCa = clinically significant prostate
cancer; GG = grade group; PCa = prostate cancer; ROI = region of interest.
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unknown), MRI grade (as 3, 4, and 5), ROI location (as anterior or not),

PSA (as a continuous variable), PSA density (as �0.15 and >0.15 ng/ml/

cc), institution performing biopsy, prostate volume (as a continuous

variable), ROI Density (as a continuous variable), and distance from

ROI (as <10 and �10 mm). PSA density was calculated using the PSA

nearest to the time of biopsy and prostate volume on MRI, and ROI Den-

sity was calculated using the diameter of the nearest ROI/prostate vol-

ume. All tests were two sided, with significance defined as p < 0.05. All

statistical tests were performed in SAS 9.4.
Please cite this article as: W.G. Brisbane, A.M. Priester, J. Ballon et al., Targete
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3. Results

Clinical characteristics are shown in Table 1. The study sam-
ple included 2048 patients, 1552 from UCLA and 496 from
Cornell, yielding a total of 30 191 biopsy cores of which
9042 were targeted and 21 149 were systematic. Clinically
significant PCa was found in 12% (95% CI = 11–13) of all
cores (n = 3552), representing 45% of patients with MRI
d Prostate Biopsy: Umbra, Penumbra, and Value of Perilesional Sampling,
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Fig. 4 – Per-core detection rate of csPCa stratified by variable. n = number of patients (number of cores); csPCa cores/total cores (vertical axis) versus
increasing distances from the nearest ROI (horizontal axis). The CDR of csPCa is greatest within the ROI and declines with each 5-mm bandmoving away from
the ROI. CDR is associated with each variable, but beyond a radius of 10 mm, within which 90% of cases are found, the curves flatten. Additional variables are
displayed in Supplementary Figure 1. CDR = cancer detection rate; csPCa = clinically significant prostate cancer; MRI = magnetic resonance imaging; PSA =
prostate-specific antigen; PSAD = PSA density; ROI = region of interest; UCLA = University of California Los Angeles.
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lesions (927/2048). GG2 was the csPCa found most often
(17–25%); 15% had GG3/4 and 7% had GG5. Low-risk PCa
(GG1) was found in approximately 21% of patients.

Of the 1121 men without csPCa, 18% (n = 206) had GG1
PCa identified by biopsy �10 mm from the ROI where the
ROI + �10 mm was benign. Of the 927 patients found to
have csPCa, 82% (95% CI = 80–85, n = 761) had csPCa within
the ROI and 18% (95% CI = 15–20, n = 166) had csPCa outside
the ROI. Of those outside the ROI, 66% (95% CI = 58–73,
Please cite this article as: W.G. Brisbane, A.M. Priester, J. Ballon et al., Targete
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n = 109) were captured by sampling 0–10 mm from the
ROI surface. The remaining 34% (95% CI = 27–42, n = 57)
of csPCa was identified outside of 10 mm. When not within
the ROI, csPCa followed a decreasing incidence as the dis-
tance from ROI increased. By contrast, GG1 PCa
followed a more uniform distribution throughout the
prostate (Fig. 3). Of all cores containing csPCa, 65%
(95% CI = 63–67) were within an ROI; another 25%
(95% CI = 24–27) were found within a 10-mm band around
d Prostate Biopsy: Umbra, Penumbra, and Value of Perilesional Sampling,
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Table 2 – Per-core likelihood of finding csPCa (N = 30 117)

Model variables Multilevel logistic aOR (95% CI) p value

Age 1.05 (1.03, 1.06) <0.001
Race (Caucasian as referent) 0.007
Asian 0.76 (0.53, 1.08)
Black 1.67 (1.17, 2.38)
Hispanic 1.29 (0.70, 2.37)
Other 1.11 (0.75, 1.63)
Decline/unknown 0.84 (0.67, 1.04)

MRI grade (3 as referent) <0.001
4 2.46 (2.07, 2.92)
5 6.35 (5.11, 7.89)

Posterior location (anterior as referent) 1.71 (1.46, 2.00) <0.001
PSA 1.00 (1.00, 1.00) 0.317
PSA density (�0.15 ng/ml/cc as referent) 2.63 (2.19, 3.16) <0.001
Cornell (UCLA as referent) 1.20 (0.98, 1.48) 0.082
Distance from nearest ROI (�10 mm as referent) 9.68 (8.52, 11.01) <0.001
Prostate Volume 0.99 (0.99, 1.00) 0.041
ROI density 2.05 (1.44, 2.92) <0.001

aOR = adjusted odds ratio; CI = confidence interval; csPCa = clinically significant prostate cancer; MRI = magnetic resonance imaging; PSA = prostate-specific
antigen; ROI = region of interest; UCLA = University of California Los Angeles.
Multilevel multivariable model evaluated csPCa incidence within 10 mm of ROI. Anterior location is defined as within 40% of the maximum prostate height. ROI
density = 3D diameter of nearest ROI/MRI prostate volume (mm/cc).
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the ROI and another 10% (95% CI = 9–11) were found at >10
mm from the ROI surface (Fig. 2). Despite differences in
patient characteristics of the two cohorts (Table 1), the
two groups had similar clustering of csPCa in and around
MRI lesions (Fig. 4A).

The total number of ROIs included within the analysis
was 2774. Approximately half were of grade 3, one-third
grade 4, and 19% grade 5. Overall, csPCa was found in 71%
of patients with grade 5 lesions, 34% with grade 4 lesions,
and 14% with grade 3 lesions. CDR was greatest within an
ROI: overall, 25% for UCLA and 29% for Cornell (Fig. 4A).
Moving outward from the ROI, each concentric band con-
tained a diminishing yield (Fig. 3): beyond 10 mm, the
CDR was �4% for csPCa and 6% for GG1 PCa. CDR increased
over time; however, the proportional distribution of cancer
surrounding the ROI remained stable (Supplementary
Fig. 1A). The per-core detection rate of csPCa was associated
with the distance from ROI (�10 mm as the referent:
adjusted odds ratio [aOR] = 9.68, 95% CI = 8.52–11.01) and
grade of ROI (grade 3 as the referent: aOR = 2.46, 95% CI =
2.07–2.92) for grade 4, and aOR = 6.35, 95% CI = 5.11–7.89
for grade 5; Table 2). The institution obtaining the biopsy,
PSA level, and prostate volume were found to be insignifi-
cant contributors to detection rate.

The band width that encompassed 90% of all csPCa cores
is termed the 90% penumbra. The main factor associated
with the width of the 90% penumbra was MRI grade (Sup-
plementary Table 1). For grade 3 lesions, the 90% penumbra
was approximately 16-mm wide. For grade 5 lesions, the
90% penumbra width was only 5–6 mm (Supplementary
Table 1). PSA density, the second most important factor,
appeared to have modest influence on penumbra width
compared with that of MRI grade (Fig. 4C).
4. Discussion

We sought to explain why systematic biopsies add to the
diagnostic yield of targeted biopsies. Using a method to
measure intraprostatic distances, data stored in image
Please cite this article as: W.G. Brisbane, A.M. Priester, J. Ballon et al., Targete
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fusion devices were analyzed to determine the distance
between cancer-containing systematic samples and MRI-
visible lesions. The principle finding was that 90% of sys-
tematic (nontargeted) biopsies containing csPCa cores were
found within a 10-mm radius of the MRI-visible lesion
(ROI). While a few cancer cores were located outside the
10-mm radius, there was diminishing yield as distance from
the ROI increased (Figs. 3 and 4). We conclude that the
patient-derived benefit of systematic biopsy is capturing
perilesional csPCa when ROIs are negative (18% in this
cohort). Concentrating systematic biopsies around ROI tar-
gets (targeted regional biopsy) may be an efficient alterna-
tive to 12-core templates (Fig. 1B).

The value of concentrating the cores in proximity to the
MRI lesion has been suggested by others. Hansen et al [17]
evaluated a single-center database of 487 men undergoing
transperineal biopsy and demonstrated that a targeted sat-
uration biopsy ipsilateral to the ROI was most effective for
cancer diagnosis. Bryk et al [18] demonstrated that a sys-
tematic biopsy ipsilateral to the ROI had a significantly
higher cancer yield than contralateral biopsies. Feuer et al
[19] found that when a targeted core did not show cancer,
a systematic biopsy ipsilateral to the ROI was most often
diagnostic. Lahoud et al [9] found that perilesional biopsies
yielded csPCa even when the target was negative. Finally,
Tafuri et al [20] found that for PI-RADS 5 lesions with a
PSA density of >0.15, systematic samples did not provide
additional diagnostic yield. A compilation of evidence led
the PI-RADS Committee to recommend targeted biopsy of
the ROI and a 5-mm penumbra for PI-RADS 4 and 5 lesions
[11]. The quantitative findings presented here suggest that,
in general, a 10-mm penumbra of sampling would provide
increased sensitivity for the detection of csPCa. Using a
more concentrated biopsy approach, if csPCa is not identi-
fied, GG1 could be avoided in up to 17% of men.

For methods of targeted biopsy, authoritative recom-
mendations vary. The UK’s National Institute for Health
and Care Excellence guidelines recommend biopsy of only
the ROI [21]. The European Association of Urology recom-
mends MRGB + systematic template [22], and the American
d Prostate Biopsy: Umbra, Penumbra, and Value of Perilesional Sampling,
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Urological Association recommends either tailored to the
patient [23]. The PI-RADS v2 Steering Committee recom-
mends biopsy of the ROI and surrounding perilesional tissue
when evaluating PI-RADS 4 and 5 lesions, but addition of
systematic biopsy when evaluating PI-RADS 3 lesions [11].
The present findings provide support for the recommenda-
tion of the PI-RADS Committee. Diagnostic yield for csPCa
may be increased by not only targeting the lesion (umbra),
but also adding perilesional sampling out to a 10-mm radius
from the ROI surface (penumbra). In the present study, 18%
of all patients found to have csPCa were diagnosed only by
sampling outside the ROI, with yield decreasing as the dis-
tance from ROI increased. Thus, ‘‘targeted regional biopsy’’
may become a part of the standard approach to lesion sam-
pling [11,12]. A retrospective evaluation of targeted regio-
nal biopsy by Tschirdewahn et al [8] found that this
approach identified 99% of csPCa. Optimal placement and
numbers of perilesional biopsies are yet to be determined.

Theoretical underpinnings, which support the value of
perilesional biopsy, derive in part from the work of Priester
and colleagues [10]. These authors compared cancer geom-
etry based on MRI findings with findings at whole-mount
prostatectomy, the specimens having been sectioned uni-
formly via the use of customized molds. Priester et al [10]
found that, on average, MRI lesions underestimated the
actual cancer diameter by 11 mm and volume by three-
fold. Le Nobin and colleagues [24] made a similar observa-
tion. Thus, the present finding that 25% of csPCa cores lie
within a 10-mm radius outside the MRI lesion is not
unexpected.

Limitations of the study include those of MRI interpreta-
tion and lesion grading, which could be compounded by
coregistration and targeting errors, making individual-case
employment of these data problematic. Data were acquired
using the Artemis platform, and while our findings are con-
sistent with the literature, slight differences may exist for
other biopsy systems.
5. Conclusions

The voluminous amount of data and the consistency of find-
ings between two different cohorts help substantiate the
conclusion: csPCa is found both within and around MRI
lesions. Systematic biopsies far from the lesion are least
likely to reveal csPCa, suggesting that complete systematic
biopsies may not always be necessary. Further, targeted
regional biopsy may help define a patient-specific cancer
margin for focal treatments. The existence of a definable,
perilesional, cancer-containing penumbra deserves special
consideration during MRGB and is a subject worthy of fur-
ther evaluation.
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