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ABSTRACT
Objective: To evaluate if MRI/ultrasound fusion based targeted biopsy (FBx) leads to a reduced rate
of change in Gleason score (GS) compared to prostatectomy specimen.
Methods: The histopathological findings of the biopsy of the prostate and the radical prostatectomy
(RP) specimen of 210 patients who were referred to our hospital between 2012 and 2017 were com-
pared retrospectively in this study. One hundred and five patients who underwent FBx combined with
ultrasound-guided 12-core biopsy of the prostate (SBx) were matched with 105 patients who under-
went SBx only. This study evaluated the rate of up- or downgrading in the RP specimen in both
groups and compared the results via matched pair analysis.
Results: Concordance in Gleason grade group (GGG) was found in 52/105 patients (49.5%) in SBx
and in 49/105 patients (46.7%) with FBx (p¼ 0.679). The rate of downgrading was statistically signifi-
cant (p¼ 0.014) and was higher in the FBx group (14/105 patients, 13.3%) than in the SBx group (4/
105 patients, 3.8%). A higher rate of upgrading was seen in SBx (49/105 patients; 46.7%) compared to
FBx (42/105 patients; 40%), with no statistical significance (p¼ 0.331). The change in GGG from biopsy
to final pathology in patients with GGG 1 and 2 at biopsy level was not statistically signifi-
cant (p¼ 0.168).
Conclusion: FBx does not decrease the rate of upgrading between biopsy and final pathology in RP
specimens. Our results indicate that FBx tends to overestimate the final GGG compared to SBx.
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Introduction

New diagnostic approaches and the widespread use of pros-
tate specific antigen (PSA) screening led to an increased inci-
dence of low-risk tumors among prostate cancer (PCa).
Therefore, new treatment options like active surveillance (AS)
or focal therapy (FT) are gaining more importance as thera-
peutic options for low-risk PCa to avoid overtreatment and
negative impact on quality-of-life caused by radical prosta-
tectomy (RP) and radiotherapy.

Treatment selection for patients with PCa depends on the
individual patient’s risk stratification which is greatly based
upon Gleason grade group (GGG) in biopsy, clinical T-stage
and PSA level [1]. However, GGG upgrading is a well-known
phenomenon, especially in low-risk tumors [2–5]. The identifi-
cation of the accurate GGG in patients with low-risk tumor is
gaining greater importance in the last years, with an increase
in men undergoing AS instead of RP or external beam radio-
therapy with the potential risk of undertreatment.

There are several studies evaluating clinical predictors of
GGG upgrading in RP specimen [6,7]. Predictors associated
with a higher risk of GGG upgrading include high PSA-levels,
small prostate volume, PSA density, number of positive cores

and patient age over 75 years [6–8]. However, only a few
studies exist evaluating the risk of upgrading of GGG in MRI/
ultrasound fusion-based targeted biopsy [9–12]. The effi-
ciency of mpMRI is already proven as several studies could
show a superiority of mpMRI to detect more clinically signifi-
cant cancer compared to the systemic biopsy [13–15].

In the present study, we aimed to evaluate the risk of
change in GGG in the MRI/ultrasound fusion-based targeted
biopsy (FBx) of the prostate compared to the standard transrec-
tal ultrasound guided 12-core biopsy (SBx) in the RP specimen.
Various studies exist evaluating the change of GGG in patients
undergoing a MRI-guided targeted biopsy of the prostate as
well as SBx in the same patient. The unique characteristic of
the presented study is that the patients with FBx were matched
pairwise with patients who underwent SBx solely.

Subjects and methods

Patient selection and data collection

Out of a database with 2,585 patients between 2013 and
2017, 210 were diagnosed with PCa by either FBx or SBx and

CONTACT M. Apfelbeck Maria.Apfelbeck@med.uni-muenchen.de Department of Urology, LMU Klinikum, Ludwig-Maximilians-University Munich,
Marchioninistr. 15, Munich 81377, Germany
� 2020 Acta Chirurgica Scandinavica Society

SCANDINAVIAN JOURNAL OF UROLOGY
2021, VOL. 55, NO. 1, 27–32
https://doi.org/10.1080/21681805.2020.1849390

http://crossmark.crossref.org/dialog/?doi=10.1080/21681805.2020.1849390&domain=pdf&date_stamp=2021-02-04
http://orcid.org/0000-0001-7895-7070
https://doi.org/10.1080/21681805.2020.1849390
http://www.tandfonline.com


received radical prostatectomy at our facility (Figure 1). We
categorized patients into two groups based upon the diag-
nostic pathway: FBx or SBx. In each group, the histopatho-
logical findings of 105 patients were evaluated. In the FBx
group, only patients with a positive mpMRI-targeted biopsy
were included.

We reviewed clinical patient characteristics like patient
age, PSA-level, prostate volume, number of cores taken in
total and number of positive cores as well as preoperative
GGG in prostate biopsy and pathologically data from RP spe-
cimen including GGG, T-, N-stage and surgical margin status.

mpMRI and MRI/ultrasound fusion-based
targeted biopsy

One hundred and five patients received an mpMRI due to
clinical suspicion of PCa (elevated PSA and/or abnormal
digital rectal examination) or after negative randomized 12-
core transrectal ultrasound-guided biopsy of the prostate
and persisting suspicion of PCa. Lesions in the mpMRI were
classified according to the Prostate Imaging-Reporting and
Data System (PI-RADS) version 2 [16]. Only patients with a
PIRADS 3, 4 or 5 lesion underwent FBx. The mpMRI was per-
formed by altogether 62 different referring radiologic insti-
tutes. All images were re-evaluated by a single radiologist
with special expertise in mpMRI of the prostate. In every
patient a randomized 12-core ultrasound-guided biopsy of
the prostate was performed additionally to the FBx according
to current guidelines [1]. The FBx as well as the SBx were
performed transrectally using an end-fire probe.

Image fusion was done software-assisted using the Philips
PercunavVR device (Philips Medical Systems, Bothell, WA). The
DICOM data set of the mpMRI was uploaded on the ultra-
sound device. Registration of the two image modalities was
performed by plane wise fusion of the ultrasound and
mpMRI. For image fusion the axial T2-weighted MRI-
sequence was used. From every target lesion a minimum of
two cores and a maximum of four cores were taken depend-
ing on the size of the target and the accordance of the two
image modalities after fusion.

Standard 12-core randomized transrectal ultrasound-
guided biopsy of the prostate

Every patient included in the study underwent a SBx of the
prostate. The SBx in the group without MRI-ultrasound fusion
was performed transrectally using a biplanar probe with a BK
ultrasound device. The cores in the random biopsy were
gathered from the medial and lateral aspect of the base, mid
and apical part of the prostate both for the left and
right side.

Radical prostatectomy (RP)

All patients underwent RP by either open retropubic (133/
210 patients) or robot-assisted (77/210 patients) approach.
Patients with intermediate or high risk PCa also underwent
bilateral regional lymphadenectomy. Intermediate or high

risk PCa was defined as Gleason score � 7a or greater, more
than three positive biopsy cores or a tumor infiltration of
one core of more than 50% [17].

Pathological evaluation

All RP specimen as well as the biopsy cores were sent to the
same pathological institute and analyzed by an experienced
uropathologist. The histopathological evaluation was done
using the Gleason system according to the consensus recom-
mendations of the International Society of Urological
Pathology (ISUP) [18,19]. For every RP specimen the T-, N-
and M- stage was specified using the TNM classification of
malignant tumors by the Union for International Cancer
Control (UICC).

Upgrading was defined as a change to a higher grade
group in the GGG in the RP specimen compared to the pre-
operative biopsy. Downgrading was defined as a change to a
lower grade group in the RP specimen compared to the pre-
operative biopsy.

Statistical analysis

A matched pair analysis was performed between the FBx
group and the SBx group. The matching was performed
according to the following criteria: The maximum difference
in PSA was no more than 2 ng/ml and the maximum differ-
ence in age no more than 2 years. Rates of postoperative
upgrading or downgrading were evaluated comparing the
histopathology of the biopsy of the two groups with the
final histopathology of the RP specimen.

Statistical analyses were performed using the chi-squared
test. A p-value < 0.05 was considered as statistically signifi-
cant. The chi-squared test was used for categorial data and
the Mann–Whitney test for continuous data. As software,
MedCalc for Windows, version 18 (MedCalc Software, Ostend,
Belgium) was used.

Results

Patient demographics and clinicopathological
characteristics

The mean patients age at diagnosis was 67.1 (47–83) years.
Median PSA-level was 9.9 ng/ml (1.9–36.1 ng/ml) and mean
prostate volume was 54.3ml (range ¼ 22–172ml). Biopsy
prior to the RP was performed in 105 patients with image
fusion of MRI and ultrasound with a minimum of 13 and
maximum of 16 cores taken. The SBx was solely performed
in 105 patients. A median of 5.7 cores were positive in the
biopsy (range ¼ 1–14) noted on pathologic review. Patient
characteristics are outlined in Table 1, showing a statistically
significant different distribution of GGG > 3 between the
FBx and the SBx group.
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Tumor characteristics in biopsy cores

The distribution corresponding to GGG is outlined in Table 1.
Most of the patients had GGG 2 (79/210; 37.6%) or GGG 1
(58/210; 27.6%) PCa after biopsy of the prostate. 34.7% (73/
210 patients) had GGG 3 or higher prostate cancer.

Tumor characteristics of post prostatectomy specimens

The GGG of the RP specimen are listed in Table 2. Similar to
the biopsy group, most patients had GGG 2 (70/210; 33.3%)
PCa. In contrast to tumor characteristics after biopsy, less
patients had GGG 1 (30/210 patients; 14.3%) and GGG 3 (52/
210 patients, 24.8%) PCa after RP.

Perineural invasion was found in 154/186 patients. Tumor
invasion of the iliacal lymph nodes was diagnosed in 19/145
patients, and 58/208 patients had positive surgical margins.

Rates of up- and downgrading

The change in GGG between FBx and SBx compared with
the GGG of the RP specimen was significantly different
(p¼ 0.045). The rate of downgrading was statistically signifi-
cant (p¼ 0.014) as well and higher in the target biopsy
group (14/105 patients,13.3%) compared to the random
biopsy (4/105 patients; 3.8%) group (Figure 2).

The rate of upgrading was higher in the SBx group than
in the MRI/ultrasound fusion biopsy group (49/105 patients,
46.7% vs 42/105 patients, 40%) with no statistical

significance (p¼ 0.331) (Figure 3). Concordance of GGG in
the biopsy and the RP specimen was found in 52/105
(49.5%) patients in the SBx group and in 49/105 (46.7%)
patients with FBx, with no statistical significance (p¼ 0.679)
(Figure 2). The change in GGG from biopsy to final pathology
in patients with GGG1 or 2 at biopsy level also was not stat-
istically significant (p¼ 0.168). Regarding the rate of upgrad-
ing or downgrading solely in patients with GGG 1 or 2 at
biopsy level, the rate of upgrading was lower in the FBx
group (20/105 patients, 19% vs 26/105 patients, 25%), with
no statistical significance (p¼ 0.318), whereas the rate of
downgrading was lower in the SBx group (2/105 patients,
2% vs 7/105 patients, 7%) with no statistical significance
(p¼ 0.089). The results are outlined in Figure 3.

Discussion

The risk of Gleason upgrading in the RP specimen is a well-
known phenomenon and often described in the literature
[2–4,6,7]. The accurate knowledge of the exact GGG is essen-
tial to choose the right therapeutic option, especially for
patients with low-risk tumors who are eligible for AS or FT as
adverse pathological upgrading is associated with a higher
risk of biochemical recurrence [20], progression of disease to
distant metastasis and mortality [21].

In recent years, mpMRI of the prostate gained importance
in the diagnostic pathway of PCa. Several studies could
prove the efficiency of MRI/ultrasound fusion-based targeted
biopsy of the prostate, especially in the detection of clinically
significant PCa [13–15]. This raised the question if mpMRI-tar-
geted biopsy may improve the concordance of GGG in the
biopsy and the final pathology obtained after RP.

In this study, we evaluated the risk of upgrading to an
adverse pathological outcome after RP in patients diagnosed
with PCa by either FBx or SBx by matched pair analysis.
According to current literature, most studies do not directly
compare FBx with SBx but rather evaluate the change in
GGG in the target as well as in the SBx within the
same patient.

Although the superiority of FBx over the SBx approach is
already proven [13,14], change of GGG from biopsy to RP
specimen is still described in the literature [13]. The risk of
GGG-upgrading for SBx is described between 29.7% and
56.7% [2,6,7,22], which is concordant to the findings in our
study (46.7%). The existing literature based on the risk of
GGG-upgrading after FBx is quite heterogeneous, describing
rates of upgrading in the mpMRI-target lesion between 17%
and 40.4% [9,11,14,23,24]. Data describing rates of up- and

Table 1. Patient characteristics.

SBx FBx

(n¼ 105) (n¼ 105) p-value

Age (years) 0.966
Median 68 68
IQR 62–73 62–73

PSA (ng/ml) 0.790
Median 7.9 8.2
IQR 5.8–12.4 6.2–12.5

Prostate volume (ml) 0.294
Median 54 51
IQR 44–62 41–62

n %� n %�
Gleason grade group 0.001
1 41 39 20 19
2 39 37 40 38
3 9 9 20 19
4 8 8 21 21
5 8 8 4 4

�The sum differs from 100% due to rounded numbers.

Table 2. Upgrade and downgrade ratios of random biopsy (SBx) and fusion biopsy (FBx) results according to final radical prostatectomy (RP) pathology.

RP GGG 1 (%) RP GGG 2 (%) RP GGG 3 (%) RP GGG 4–5 (%) Upgrade (%) Downgrade (%) p-value

SBx GGG 1 18 (44) 15 (37) 4 (10) 4 (10) 56 – <0.001
SBx GGG 2 0 (0) 18 (46) 13 (33) 8 (21) 54 0
SBx GGG 3 0 (0) 2 (22) 2 (22) 15 (56) 56 22
SBx GGG 4–5 0 (0) 0 (0) 1 (6) 15 (94) – 6
FBx GGG 1 9 (45) 10 (50) 1 (5) 0 (0) 55 – <0.001
FBx GGG 2 2 (5) 19 (48) 15 (38) 4 (10) 48 5
FBx GGG 3 1 (5) 3 (15) 11 (55) 5 (25) 25 20
FBx GGG 4–5 0 (0) 3 (12) 5 (20) 17 (68) – 32

GGG: Gleason Grade Group. The row total of percent differs from 100% due to rounded numbers in some cases.
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downgrading for the target are quite rare with small
patient cohorts.

A recent meta-analysis of Kasivisvanathan et al. [13] eval-
uated 76 studies focusing on mpMRI-targeted biopsy, but
only one study also evaluated the rates of up-and downgrad-
ing. The PRECISION trial reported about the proportion of
upgrading from biopsy to final histopathology for FBx as
well as SBx. Although the number of patients with consecu-
tive RP in this cohort was small, similar rates of up- and
downgrading were described in both biopsy approaches.
Rates of upgrading of 17% (5/30) in the FBx-group and 15%
(4/27) in the SBx-group were reported, whereas downgrading
was reported in 20% (6/30) and 15% (4/27), respectively [14].

The higher rates of upgrading in our cohort might be due
to the fact that our data reflect a real-world setting with
numerous referring radiologic institutes and various patholo-
gists assessing the result.

Taking a closer look at low and intermediate risk PCa
(Gleason 6 and 7a), upgrading rates between both biopsy
approaches were similar in our study, with 19% (FBx) and
25% (SBx), respectively. Literature with subgroup analysis
focusing on patients with GGG 1 or 2 PCa in the mpMRI-tar-
get are rare. In a series of 60 patients, Zhang et al. [25]
described an upgrading-rate of the mpMRI-target lesion in
14/60 (23.3%) cases. In 10/60 (16.7%) patients downgrading
was observed. Subgroup analysis in this cohort showed an
upgrading from GGG 1 or 2 to a higher GGG in 12/60 (20%)
patients [25].

Comparing the results with former data [4], it seems that
concordance in GGG between biopsy and final histopath-
ology did not change over the years and the implementation
of mpMRI did not change the risk of upgrading. The great
disparity between the studies and the remarkable rate of
downgrading in our population leads to the assumption that
interobserver variability might have the greatest influence on
histopathological concordance. Interobserver variation in the
assessment of GGG in biopsy is a commonly described phe-
nomenon. Especially the differentiation between Gleason
pattern 3 and 4 is challenging for the pathologist [26,27].

A major limitation of the present study is the retrospect-
ive character as well as the limited number of patients.

All in all, the results of our study indicate that mpMRI
does not seem to have influence on the concordance of
GGG between biopsy and RP specimens.

Conclusion

MRI/Ultrasound fusion-based targeted biopsy does not lead
to a reduction of GGG upgrading between prostate biopsy
and RP specimen. The present findings might indicate that
other factors like interobserver variability in pathological
evaluation do have a greater impact on upgrading than the
approach of prostate biopsy itself.

N=2585 pa�ents with rPx between 2013 
and 2017

SBx (n=2177)

SBx (n=105)

Fbx +SBx (n=408)

FBx + SBx (n=105)
PSA (ng/ml):  7.9, IQR 5.8-12.4  PSA (ng/ml): 8.2, IQR 6.2-12.5

Age (years):  68, IQR 62-73 Age (years): 68, IQR 62-73
P-Vol (ml): 54 ml, IQR 44-62 P-Vol (ml): 51 ml, IQR 41-62

mpMRI from 62 radiologic ins�tutes

Matched pair analysis
Criteria: PSA, P-Vol, age

Figure 1. Patient selection.

Figure 2. Rates of up- and downgrading between FBx and SBx.
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