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Abstract

Purpose To assess the most efficient biopsy method to improve International Society of Urological Pathology (ISUP) grade
group accuracy with final pathology of the radical prostatectomy (RP) specimen in the era of magnetic resonance imaging
(MRI)-driven pathway.

Methods A total of 753 patients diagnosed by transrectal MRI-targeted and systematic biopsies (namely “standard method”),
treated by RP, between 2016 and 2021 were evaluated. Biopsy methods included MRI-targeted biopsy, side-specific sys-
tematic biopsies relative to index MRI lesion and combination of both. Number of MRI-targeted biopsy cores and positive
cores needed per index MRI lesion were assessed. Multivariable analysis was performed to analyze predictive factors of
upgrading using MRI targeted and ipsilateral systematic biopsies method.

Results Overall, ISUP grade group accuracy varied among biopsy methods with upgrading rate of 35%, 49%, 27%, and 24%
for MRI targeted, systematic, MRI targeted and ipsilateral systematic biopsies and standard methods, respectively (p <0.001).
A minimum of two positive MRI-targeted biopsies cores per index MRI lesion were required when testing MRI targeted and
ipsilateral systematic biopsies method to reach equivalent accuracy compared to standard method. Omitting contralateral
systematic biopsies spared an average of 5.9 cores per patient. At multivariable analysis, only the number of positive MRI-
targeted biopsy cores per index MRI lesion was predictive of upgrading.

Conclusion MRI targeted and ipsilateral systematic biopsies allowed an accurate definition of ISUP grade group and appears
to be an interesting alternative when compared with standard method, reducing total number of biopsy cores needed.
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Introduction

The current international guidelines recommend perform-
ing multiparametric magnetic resonance imaging (MRI) in
patients with clinical suspicion of prostate cancer (PCa)
and, when a suspicious MRI lesion is reported, a combina-
tion of MRI targeted and systematic biopsies [1]. Omitting
systematic biopsy is known to be associated with a risk of
missing clinically significant PCa and decreased Interna-
tional Society of Urological Pathology (ISUP) grade group
concordance at radical prostatectomy (RP) [2—4]. Hence,
they should not be avoided, although associated with an
increased total number of cores taken, biopsy-related com-
plications, and subsequent cost [5, 6].

The optimal biopsy strategy, in terms of spatial distri-
bution and number of cores that need to be taken, has not
been yet clearly defined. In particular, at least eight sys-
tematic biopsies should be performed bilaterally depend-
ing on prostate volume whereas 3-5 targeted biopsies are
needed to compensate the risk of targeting imprecision
[7-10]. On the other hand, the recent studies suggested
that distant systematic biopsy cores relative to index MRI
lesion only play a limited role in csPCa detection [11-13].
In addition, a preliminary study has shown similar grading
accuracy for MRI-targeted biopsy associated with perile-
sional biopsy taken in close proximity to index MRI lesion
as compared to the standard template [14]. The number of
MRI-targeted biopsy cores also appears to be correlated
with the rate of upgrading at final pathology [15, 16].

The aim of this study was to assess several biopsy meth-
ods and define the most efficient in terms of cores num-
ber and location in order to improve ISUP grade group
accuracy.

Patients and methods
Study population

After obtaining institutional review boards approval, side-
specific data from 767 patients who sequentially under-
went MRI, MRI-targeted and systematic biopsy (namely
“standard method”) within the year before RP for clini-
cally localized PCa between January 2016 and November
2021 were retrospectively identified from prospectively
maintained databases at eight European tertiary referral-
centers (Belgium, France, Italy, Switzerland). No patients
received neoadjuvant hormonal therapy. Among these, we
excluded patients with incomplete information on patho-
logical data and ISUP grade group (n=14). The indication
for surgical intervention with or without extended pelvic
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lymph node dissection was left to the discretion of the
treating physician after exploring all treatment options.

MRI and biopsy procedures

All prebiopsy MRI were performed with the use of 1.5-T
or 3-T scanner, with or without an endorectal coil, and con-
sisted of multiplane T1- and T2-weighted imaging, diffu-
sion-weighted imaging and dynamic contrast enhancement
according to the European Society of Urogenital Radiology
guidelines [17]. MRI scans were reviewed and scored by a
dedicated genitourinary radiologist using the PI-RADS v.2
or 2.1 protocols (Supplementary Table 1) [18-20]. Suspi-
cious lesions, defined as PI-RADS score >3, and prostate
contours were manually contoured on T2-weighted sequence
by radiologists and submitted to biopsy platform. Transrectal
MRI-targeted biopsies were carried out with the KOELIS
system (KOELIS®, La Tronche, France) allowing MRI-3D
ultrasound images fusion by urologists dedicated to fusion
biopsy using Urostation® or Trinity® software platforms.
MRI-targeted and systematic biopsies were performed
during the same session and the number of cores taken
depended on patient characteristics and physician prefer-
ences. Both individual biopsy cores and whole-mount pros-
tatectomy specimens were analyzed by dedicated genitou-
rinary pathologist using the ISUP 2014 recommendations
[21].

Covariates definition and outcomes

Patient characteristics were obtained on PSA, clinical stage
at digital rectal examination (DRE), prostate volume cal-
culated on MRI using ellipsoid formula and PSA density
(PSAd). Radiological features were the side of MRI lesion,
PI-RADS score, maximum lesion diameter of index MRI
lesion, and clinical stage at MRI. Index MRI lesion was
defined as the lesion with the highest PI-RADS score or the
largest maximum diameter in case of multiple suspicious
lesions. If index MRI lesion crosses the midline, the side was
defined using the center of the lesion (n=13). Radiologi-
cal experience was defined as center fulfilled all criteria of
expertise as described by ESUR/ESUI consensus statements
[20]. Biopsy information were the location of cores after
reviewing each patient-specific 3D prostate map generated
by KOELIS system, number of cores, number of positive
cores, and overall ISUP grade group according to the ISUP
2014 consensus and taking into account the highest grade
on MRI targeted or systematic biopsy [21]. Clinically sig-
nificant PCa(csPCa) was defined as ISUP grade group > 2.
Low-, intermediate and high-risk categories were assigned
according to EAU guidelines and clinical stage was based on
the DRE [1]. We compared ISUP grade group and risk cat-
egories at whole-mount prostatectomy specimen with biopsy
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findings. The outcome of the study was the rate of upgrading
at final pathology, defined by an ISUP grade group higher
than the one described on preoperative biopsy.

Statistical analysis

Descriptive statistics were presented using frequency for cat-
egorical variable and median with interquartile range(IQR)
for continuous variable. ISUP grade group and risk cat-
egories accuracies (i.e., downgrading, concordance, and
upgrading) were compared according to the biopsy method
(Supplementary Fig. 1). The rates of ISUP grade group
upgrading were presented according to the number of MRI-
targeted biopsy cores taken in the index MRI lesion and the
number of positive cores. Mann — Whitney and y? tests were
used as appropriate to compare medians and frequencies
between independent groups, respectively. Uni- and multi-
variable logistic regression analysis was used to assess pre-
dictive factors of ISUP grade group upgrading. We selected
covariates for multivariate model using p <0.1 in the uni-
variate analysis. A two-sided p < 0.05 defined statistical sig-
nificance. All statistical analysis was performed with STATA
14.1 (StataCorp, Texas, USA).

Results

Characteristics of the 753 patients included in the study
are presented in Tablel. The median preoperative PSA was
7 ng/ml (5.2-9.8), the majority of patients had a nonpalpable
tumor defined as cT1 (69%) and the median prostate volume
was 45 cc (34-57). The median number of MRI-targeted
biopsy cores in the index MRI lesion was 4 (3-5), including
3 (2-4) positive cores. Median numbers of ipsilateral and
contralateral systematic biopsies cores were 6 (4—6) and 6
(5-6), of which a median of 2 (0-3) were positive in the
ipsilateral template and 0 (0-2) were positive in the con-
tralateral template.

Distribution of ISUP grade group and risk categories
accuracies are presented in Fig. 1. The combination of
MRI-targeted and systematic biopsies was the most accurate
biopsy method to compare RP with the lowest upgrading
(24% and 13% for ISUP grade group and risk categories,
respectively) and the highest concordance (60% and 77%
for ISUP grade group and risk categories, respectively)
rates. A similar trend was observed when combined MRI-
targeted with ipsilateral systematic biopsies which seemed
to be numerically comparable as the standard template (27%
and 15% of upgrading for ISUP grade group and risk cat-
egories, respectively). Of note, similar downgrading rates
were observed (17% and 10% for ISUP grade group and risk
categories, respectively).

The rate of upgrading according to the number of MRI-
targeted biopsy taken in the index MRI lesion is presented
in Fig. 2. MRI-targeted biopsy alone was systematically
associated with higher upgrading rate compared to other
biopsy methods unless a minimum of four positive cores
was obtained. Focusing on the MRI-targeted and ipsilat-
eral systematic biopsy method, a minimum of two cores
appeared necessary to match the accuracy of standard tem-
plate whereas two positive cores seemed required to provide
sufficient information to reduce upgrading rate. Subgroup
analysis showed that more than two positive cores would
be preferable for PI-RADS 3 lesions and those with a lesion
maximum diameter < 10 mm (Supplementary Table 2).

Omitting contralateral systematic biopsy was associ-
ated with a 36% (4433/12196) decrease in the total num-
ber of biopsy cores which represent an average of 5.9 fewer
cores per patient. Using this method, 2.3% (17/753) PCa
and 1.8% (14/753) csPCa would be missed. Among those
missing PCa, we found that prostate volume was higher
(54 cc [41-95] vs 44 [33-57], p=0.04) and a lower number
of MRI-targeted biopsies were taken (4 [2—4] vs 4 [4-6],
p=0.03) (Supplementary Fig. 2; Table 3).

At multivariable logistic regression analysis, the number
of positive MRI-targeted biopsies (OR 0.87 [0.77-0.98],
p=0.03) and radiological experience (OR 0.39 [0.26-0.58],
p<0.0001) was predictive of upgrading at final pathology
when testing MRI-targeted and ipsilateral systematic biop-
sies method (Supplementary Tables 4-5).

Discussion

The aim of the present study was to evaluate several biopsy
methods and define the most efficient to improve ISUP
grade group accuracy at radical prostatectomy specimens.
We found that the number of positive MRI-targeted biopsies
plays a significant role to reduce the risk of upgrading and
matches standard template when combined with ipsilateral
systematic biopsy, reducing the number of biopsy cores by
approximately 6 per patient. These findings highlight the
importance of regional biopsy saturation and the importance
of adequate biopsy sampling (i.e., to obtain sufficient tissue
specimen containing PCa) [22].

A previous systematic review and meta-analysis includ-
ing 10 studies with 1215 men already reported that system-
atic biopsy was more likely to be upgraded compared to
MRI-targeted biopsy for biopsy-naive and patient with prior
negative biopsy (odds ratio [OR] 1.6 [95% CI 1.02-2.27],
p<0.001, and 4.23 [95% CI 1.68-8.48], p=0.003, respec-
tively) [23]. Furthermore, the combination of both tech-
niques is known to be more effective in terms of concord-
ance (49-60%, 45-63% and 62-75% for systematic biopsy,
MRI-targeted biopsy and both, respectively) and upgrading
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Table 1 Descriptive
characteristics of 753 patients
with clinically localized PCa
diagnosed with systematic and
MRI-targeted biopsies before
RP between 2016 and 2021
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Parameter

Total (n=753)

Age at surgery (year), median (IQR)
Previous negative biopsy, n(%)
Preoperative PSA (ng/ml), median (IQR)
Clinical stage, n(%)
cTl
cT2
cT3
Unknown
Prostate volume (cc), median (IQR)
PSA density (ng/ml/cc), median (IQR)
PI-RADS score, n(%)
3
4
5
Maximum diameter index lesion (mm), median (IQR)
Maximum percentage of cancer (%), median (IQR)
Overall no. of cores taken, median (IQR)
Overall no. of positive cores, median (IQR)
No. of TB cores in index lesion, median (IQR)
No. of positive TB cores in index lesion, median (IQR)
Index lesion ISUP Grade Group, n(%)

~ LW NN = O

5
No. of TB cores in secondary lesion, median (IQR)

No. of positive TB cores in secondary lesion, median (IQR)

Secondary lesion ISUP Grade Group, n(%)
0

AW N~

5
No. of ipsilateral SB cores, median (IQR)
No. of positive ipsilateral SB cores, median (IQR)
ISUP Grade Group at ipsilateral SB, n (%)

wm A WD = O

ISUP Grade Group at biopsy, n(%)

Y N S

66 (62-70)
75(0.1)
7(5.2-9.8)

518 (69)

212 (28)

11 (1.5)

12 (1.6)

45 (34-57)

0.15 (0.11-0.24)

66 (8.8)
395 (52)
282 (39)
12 (10-16)
59 (36-80)
16 (14-19)
6 (4-8)
4(3-5)
3(2—4)

83 (11)
167 (22)
278 (37)
117 (16)
80 (11)
28 (3.7)
3(2—4)
1(0-2)

65 (36)
43 (24)
51(28)
11 (6.1)
8 (4.4)
3(1.7)
6 (4-6)
2 (0-3)

199 (26)
177 (24)
220 (29)
81(11)
63 (8.4)
13 (1.7)

164 (22)
328 (44)
122 (16)
108 (14)
31 (4.1)
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Table 1 (continued) Parameter

Total (n=753)

ISUP Grade Group at radical prostatectomy, n(%)

1

2

3

4

5

Pathological stage, n(%)

pT2

pT3a-b

pT4

90 (12)
392 (52)
174 (23)
60 (8)

37 (4.9)

468 (62)
283 (38)
2(0.3)

ISUP grade group accurarcy, %

TBi+ipsisB  TB+ipsish  TBHSB
28% 26% 23%
56% 58% 60%

- Downgrading 12% 13% 9% 8% 16% 17% 17%

(a)

W Upgrading

s Concordance

TB+ipsisb  TB+SB

T8
W Upgrading 22%
# Concordance 71%

15% 13%
75% 7%
10% 10%

+: Downgrading 7%

(b)

Fig. 1 Distribution of a ISUP grade group and b risk categories accuracies according to biopsy methods. ISUP International Society of Urologi-

cal Pathology

(24-47%, 30-39%, 7-21% for systematic biopsy, MRI-tar-
geted biopsy and both, respectively) rates, [3, 24-27]. The
results of the present study confirm that the combination of
MRI-targeted and systematic biopsies is the most accurate
method and should be used in the current practice. In its
most recent version, the EAU guidelines recommend this
biopsy method for biopsy-naive patients to reduce the risk
of missing PCa foci [1].

Spatial distribution of cores in systematic template has
been recently evaluated and introduced the concept of
“penumbra”, namely the biopsy cores taken in the area sur-
rounding the MRI lesion [12, 13]. In a study of 971 men,
Raman et al. evaluated 3-dimensional spatial distribution
of 16,459 biopsy cores and shown that MRI-targeted and
perilesional biopsies taken within a circumferential area of
2 cm detected 98% of csPCa with 3.7 fewer biopsy cores per
patient compared to combined method [12]. More specifi-
cally, Brisbane et al. evaluated the location of 30,191 biopsy
cores in 2048 men at 2 centers using elastic fusion and found

that 90% of biopsy cores containing csPCa were located in
a circumferential area of 1 cm although depending on MRI
grading score [13]. These studies confirm the importance of
penumbra sampling combined with MRI-targeted biopsy,
compensating MRI-related issues (i.e., suboptimal images
quality and misinterpretation depending on radiologist
expertise), targeting errors (i.e., mismatch during images
fusion, needle deflecting and operator expertise) or intrinsic
characteristics of the tumor (i.e., constant underestimation
of true tumor volume and intralesional tumor heterogene-
ity) [28]. Moreover, Bryk et al. described the importance
of ipsilateral systematic biopsy to improve csPCa detection
whereas contralateral sampling was at best associated with
a limited added value [11]. Based on these observations, we
previously conducted a study on 134 men, evaluating the
risk of upgrading after biopsies taken in index MRI lesion
and within a circumferential area of 1 cm [14]. We found
that upgrading rate was relatively similar to the combina-
tion of systematic and MRI-targeted biopsies (23% vs 19%,
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30%

1SUP grade group upgrading, %

>4 cores (n=202)
31%
23%
21%
20%

1 core (n=11)
64%
45%
45%
27%

2 cores (n=86)
31%

3 cores (n=173)
37%

4 cores (n=281)

—e—TBi 3%

—o —TBi + ipsisB
T8 + ipsisB
T8+ 5B

(a)

23%
23%
21%

27%
22%
20%

32%
31%
27%

1SUP grade group upgrading, %

—e—T8i
—® —TBi + ipsisB
o -TB +ipsisB 53%

0 core (n=80)
100%
60%

1 core (n=98)
34%

2 cores (n=163)
30%
27%
25%
25%

3 cores (n=173)
25%
23%
21%
20%

4 cores (n=172)
23%
23%
23%

>4 cores (n=67)
21%
18%
18%
18%

26%
23%
18%

TB+SB 36% 23%

(b)

Fig.2 Upgrading rate according to the number of a MRI-targeted biopsy cores and b positive MRI-targeted biopsy cores in the index MRI

lesion. MRI magnetic resonance imaging

p=0.2). To a certain extent, these results concur with those
described in the present study. Indeed, a parallel can be
drawn with ipsilateral systematic biopsy cores which con-
tribute to the improvement of upgrading rate when com-
bined with MRI-targeted biopsy, underlying the importance
of focal and regional saturation of the MRI area. Therefore,
we would argue in favor of less contralateral systematic
biopsy sampling.

The optimal number of biopsy cores that need to be taken
remains unclear. Focusing on csPCa detection, an average
number of 3-5 MRI-targeted biopsy cores seems necessary
to reach adequate detection rate [8, 9]. At multivariable
analysis, we found that one of the independent predictive
factors of upgrading using MRI-targeted and ipsilateral sys-
tematic biopsies method was the number of positive MRI-
targeted biopsy cores contrary to the total number of cores
taken. Of note, we did not observe major differences in term
of upgrading rate from 1 to 4 positive biopsy cores (range
of 21-25%). The discrepancy between the number of posi-
tive cores and the total number of cores taken reflects the
variability of efficiency among centers when performing
MRI-targeted biopsy with an overall upgrading rate ranging
from 12 to 41%. With a positive MRI-targeted biopsy ratio
(i.e., number of positive cores/total number of cores) rang-
ing from 53 to 76%, clear recommendations regarding the
optimal number of cores that need to be taken for each MRI
lesion cannot be drawn [28]. Calio et al. evaluated whether
saturation of index MRI lesion, defined as biopsy cores
taken at 6 mm intervals along the long axis, would decrease
the risk of upgrading compared with patients diagnosed by
two biopsy cores [15]. They demonstrated that saturation
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biopsy (median number of cores 4 vs 2, p <0.001) was asso-
ciated with a significant lower rate of upgrading compared
to control group (7% vs 18%, p=0.02). To understand such
a result, the same authors shown that increased number of
MRI-targeted biopsy cores focused in the central and periph-
eral zones of index MRI lesion provide observable tumor
heterogeneity in up to 58% of cases [29].

Surprisingly, we observed a marked discrepancy between
clinical and pathological cancer staging. Indeed, upstaging
occurred, respectively in 100% of patients initially classi-
fied as cT1 (i.e., 347/518, 135/518, 35/518, and 1/518 with
pT2, pT3a, pT3b, and pT4, respectively), 43% of the cT2
(i.e., 71/212, 20/212, and 1/212 with pT3a, pT3b, and pT4,
respectively) and 0% of the cT3. These results illustrate the
well-known impact on PCa risk stratification when cancer
staging only refers to DRE findings as recommended by cur-
rent guidelines [1, 30]. Therefore, the use of MRI informa-
tion has been increasingly evaluated. Soeterik et al. showed
that MRI outperformed DRE with regard to cancer staging
mainly due to superior detection of extra-prostatic extension
disease. However, MRI-based staging was associated with
a risk of upstaging in one-third of the patients [30]. More
recently, an alternative MRI-based staging using PI-RADS
score has been described and required external validation
[31].

We found that radiological expertise defined according
to ESUR/ESUI consensus statement was the second inde-
pendent predictive factor of upgrading using MRI-targeted
and ipsilateral systematic biopsies method. This finding is
in line with the previous studies showing that MRI report-
ing and diagnostic accuracy varied across radiologists with
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varying experience [32, 33]. A number of hypotheses might
explain such result including undescribed tumor foci, PI-
RADS score misclassification, inaccuracy of tumor volume
measurement and delineation before MRI-targeted biopsy. It
is therefore important to stress that biopsy process depends
closely on the quality of MRI scans as well as the combined
experience of the radiologist, urologist and pathologist [34].

We acknowledge the retrospective nature of the present
analysis can introduce a selection bias. Although all centers
adhered to the guidelines and terminology in current prac-
tice, the absence of central reviewing leads to consequent
heterogeneity in MRI reporting and pathological analysis
due to the implication of multiple physicians with different
spectrum of expertise. Furthermore, although this reflects
current real-life clinical practice, MRI and pathological
analysis were not read blindly to the clinical characteris-
tics of the patients and disease. Nonetheless, all the MRI
was interpreted by dedicated genitourinary radiologist and
analyzed using PI-RADS v2 or 2.1 which provide substan-
tial inter-reader agreement in interpretation [35]. Dedicated
MRI-targeted biopsies were all performed using KOELIS
system, reducing subjectivity and variability in biopsy
cores analysis compared to cognitive approach. Finally, the
absence of predefined biopsy template which may be influ-
enced by physician’s experience and the disease itself (e.g.,
location, size, and PI-RADS score of the lesion) and the
use of transrectal approach may introduced another selection
bias and limit extrapolation of our results.

Conclusion

Combination of MRI-targeted and ipsilateral systematic
biopsies allowed an accurate definition of ISUP grade group
according to final pathology and appears to be an interest-
ing alternative as compared with standard method, reduc-
ing total number of biopsy cores needed. Furthermore,
adequate MRI-targeted biopsy sampling by obtaining a
sufficient number of positive cores is required to enhance
biopsy accuracy, improve preoperative planning, and patient
counselling. The clinical impact of reducing or modifying
the current biopsy templates requires validation with further
prospective studies.

IQR interquartile range, /SUP international society of
urological pathology, PI-RADS prostate imaging reporting
and data system, PSA prostatic-specific antigen, SB system-
atic biopsy, TB targeted biopsy, PCa prostate cancer, MRI
magnetic resonance imaging, RP radical prostatectomy.
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