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Bi-parametric MRI/TRUS fusion targeted
repeat biopsy after systematic 10-12 core
TRUS-guided biopsy reveals more
significant prostate cancer especially in
anteriorly located tumors
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Abstract

Background: MRI and fusion guided biopsy have an increased role in the diagnosis of prostate cancer.

Purpose: To demonstrate the possible advantages with Bi-parametric MRI fusion-guided repeat biopsy over systematic
10–12-core biopsy for the diagnosis of prostate cancer.

Material and Methods: Four hundred and twenty-three consecutive men, with previous systematic 10–12-core TRUS-guided
biopsy, and with suspicion of, or diagnosis of, low-risk prostate cancer underwent fusion-guided prostate biopsy between February
2015 and February 2017. Thematerial was retrospectively assessed. In 220 cases no previous cancer was diagnosed, and in 203 cases
confirmatory fusion guided biopsy was performed prior to active monitoring. MRI was classified according to PI-RADS. Systematic
biopsy was compared to fusion guided biopsy for the detection of cancer, and PI-RADS was compared to the Gleason score.

Results: Fusion guided biopsy detected significantlymore cancers than systematic (p< .001). Gleason scoreswere higher in the fusion
biopsy group (p< .001). Anterior tumorswere present in 54%of patients. Fusion biopsy from these lesions showed cancer in 53%with
previously negative biopsy in systematic biopsies and 66% of them were upgraded from low risk to intermediate or high-risk cancers.

Conclusion: These results show superior detection rate and grading of bi-parametric MRI/TRUS fusion targeted repeat
biopsy over systematic 10–12 core biopsies. Fusion guided biopsy detects more significant cancers despite using fewer
cores. The risk group was changed for many patients initially selected for active surveillance due to upgrading of tumors. Bi-
parametric MRI shows promising results in detecting anterior tumors in patients with suspected prostate cancer.
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Introduction

Prostate cancer (PCa) remains one of the most diagnosed
cancers among men worldwide.1 The diagnostic accuracy is
still a challenge for both physician and the patient. An accurate
verification of significant and potentially lethal PCa, excluding
insignificant PCa poses a clinical problem. The prognosis of
newly diagnosed PCa is dependent on risk group categori-
zation. The most utilized system is the three-tier (low, inter-
mediate, and high risk) D´Amico classification, mainly based
on the histopathological grading of biopsies.2 TheGleason score
has been the mainstay in histopathological grading of PCa. In
2005, the International society of Uropathology revised and
clarified the Gleason score into the ISUP classification, with the
5-tier ISUP grading.3

It is well known that PSA testing and subsequent 10–12
core systematic biopsy leads to both overdiagnosis of
clinically insignificant cancer and a risk of missing sig-
nificant cancer.4 The systematic biopsies generally sample
the dorsal part of the prostate. Even if 60–70% of tumors are
in the peripheral zone,5–7 a substantial number risk being
missed. A significant number of cases with negative sys-
tematic biopsies are later shown to harbor PCa and many
PCa diagnosed by systematic biopsy are inaccurately
graded. Each biopsy occasion may also lead to complica-
tions. In Sweden, 6% of patients are treated with antibiotics
for urinary tract infections after prostate biopsies and cases
with resistant bacteria become increasingly common.8

MRI plays a crucial role in identifying men with a high
likelihood of clinically significant PCa who require im-
mediate biopsy. Multiparametric MRI (mpMRI) has been
shown to be a valuable tool to achieve more accurate biopsy
sampling.9 It has also been shown that mpMRI may avoid
diagnosing insignificant cancer, which prevents unneces-
sary biopsies, possibly reducing the side effects.10 Since
more than 20% of the tumors are in the anterior part of the
prostate,11,12 targeted biopsies may diagnose lesions in the
prostate that are not diagnosed with systematic biopsies.13

However, it has been shown that targeted biopsies can miss
significant cancer in some cases, and the sensitivity of this
method needs improvement before it can replace systematic
biopsies.14 A recent randomized study has shown the clear
superiority of fusion-guided mpMRI/transrectal ultrasound
(TRUS) biopsies over standard TRUS-guided biopsy.15

The added value of dynamic contrast-enhanced (DCE)
MRI in combination with T2-weighted imaging and
diffusion-weighted imaging (DWI) is controversial.16 The
role of DCE MRI was recently downgraded by the
American College of Radiology (ACR) and the European
Society of Urogenital Radiology (ESUR) in the updated
Prostate Imaging Reporting and Data System (PI-RADS)
version 2.1. In detail, DWI for the peripheral zone (PZ) and
T2-WI for the transition zone (TZ) were respectively
considered the dominant sequences to detect clinically

significant tumors. In PI-RADS v2, the role of DCE is
minor, limited to potentially upgrading a PI-RADS three
lesion in the PZ to PI-RADS 4.17

Nevertheless, in studies of men under active surveillance
or those with a prior negative biopsy, the cancer detection
rate approaches 55% and up to 94% in patients with highly
suspicious lesions on MRI.18

It has been shown that the diagnostic accuracy of a bi-
parametric MRI (bpMRI) imaging protocol, consisting of
T2-weighted imaging and DWI, is comparable with that of a
standard multi-parametric imaging protocol for the detec-
tion of clinically significant PCa.19

Initially, fusion between mpMRI and ultrasound (US)
was done as “cognitive,” that is, the examiner intuitively
calculated the position of the lesion to be biopsied and
aimed the needles towards it under US visualization.

Subsequently, software for fusion by computer pro-
cessing was developed, as a rigid, and at a later stage, elastic
fusion. Rigid image registration overlays the MRI images
onto the TRUS images during the biopsy procedure, without
adjustment for possible deformation of the prostate caused
by patient movement or the introduction of the TRUS
probe.20 Elastic registration aims to compensate for this
deformation, and it is therefore expected to be more accurate
than rigid image registration.21–23

The aims of this study were to evaluate our adaption of
bpMRI/TRUS fusion guided biopsy into clinical practice, to
confirm previous reports that repeat MRI/TRUS fusion
guided biopsy yields more significant (ISUP≥2) PCa as
compared to initial systematic 10–12 core TRUS-guided
biopsy, and third to study the distribution of anterior versus
posterior tumors in this selected repeat biopsy cohort.

Material and methods

Inclusion criteria for this retrospective study were men with
diagnosed PCa with at least one set of systematic biopsies or
men with suspicion of PCa defined as elevated PSA and/or
other clinical findings giving rise to suspicion. The patients
were either considered for active monitoring or had strong
suspicion of more malignant tumor, due to discordance
between the PSA level and Gleason score (GS) in sys-
tematic biopsies, that is, a high PSAvalue with only ISUP 1
tumor.

Between February 2015 and February 2017, all 423
consecutive men, aged 39–78, median 66 with mean PSA
14,3 (SD 1.9–63) undergoing bpMRI/TRUS fusion guided
biopsy at our institution were included (Figure 1). Before
the patients came to our institution, they had undergone one
to seven systematic biopsy sets, predominantly three. At
least two to 3 months had elapsed due to processing and
evaluation of referrals before MRI examination and fusion-
guided biopsy was performed. Data on age, MRI re-
evaluation according to PI-RADS v. 2.0, PSA-value,
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clinical T-stage, number of and results from earlier sys-
tematic TRUS biopsies, treatment with Finasteride, and
histopathological results were collected. Since ISUP grade
is increasingly utilized worldwide, we classified histopa-
thology results both by GS and ISUP grade.

Altogether 220 men had no known PCa prior to fusion
biopsy (Group A). All of them had undergone 1–5 sets of
prior negative 10–12 core systematic biopsies. Two hundred
and three men had low-risk PCa (Gleason score 5–6 or ISUP
1) according to prior biopsies (Group B) and were candi-
dates for active surveillance of their PCa.

Research ethics and patient consent

The planned study was subjected to review and approved
by the Regional Ethical Board (Uppsala Dnr 2012-165
with amendment 2016 and 2019-00534) and conducted in
accordance. It was judged by The Regional Ethical Board
that no informed consent was needed for this retrospective
study.

MRI assessment

All patients underwent MRI following the European So-
ciety of Urogenital Radiology (ESUR) guidelines; T2
weighted (axial, coronal, and sagittal), T1 with large field of
view, apparent diffusion coefficient (ADC) and high trace
value (b1000–b2000 s/mm2). Patients examined in house
(55%) underwent bi-parametric 3T MRI (MRI scanner
(Achieva, Philips Healthcare, Best, The Netherlands), high
trace value b2000. Patients from other hospitals (45%)
underwent 1.5 T (75%) (Siemens Aera and Philips) or 3T
MRI (25%) (Siemens and Achieva). Before the MRI fusion-
guided biopsy all MR examinations were re-evaluated and
judged to fulfilled quality criteria. Suspected areas were
assigned PI-RADS classification according to PI-RADS v.

2.0. One or more regions of interest (ROI) were delineated
for fusion biopsy and segmentation data was transferred to
the Artemis system. Two uroradiologists with 15 and
20 years of experience (PD and PL) were involved in the
primary evaluating the studies at our own institution (55%,
N = 233) and in re-evaluating all MRI studies from external
institutions (45%, N = 190). In 90% of the evaluation of the
MR examinations the evaluation was done by one of the two
radiologists.

Systematic biopsy

All patients had undergone one to five sets of systematic 10–
12 core TRUS guided, side fire biopsies which were done
“free hand,” that is, with a hand-held TRUS probe, by
various physicians at our hospital or at referring centers.

Fusion biopsy

We performed the fusion biopsy with the Artemis device
(Artemis; Eigen, Grass Valley, CA), which allows biopsy
site tracking on ultrasound and fusion of real-time ultra-
sound with MRI and the BK medical ultrasonography probe
8818 in end-fire mode. With the Artemis device the position
of the US probe is tracked by angle-sensing devices (en-
coders), built into each joint of the probe-holding arm. This
allows for the reconstruction of the biplanar US into a 3D
model, which is then elastically fused with the MRI. Two to
seven fusion guided biopsy cores at the examiners’ dis-
cretion (i.e., number and size of lesion(s), satisfaction with
biopsy tracking, and patient compliance) were obtained from
1–3 ROI’s in all cases. All fusion biopsies were performed
by two experienced urologists (SL and MH). Biopsies were
processed as per standard protocol at our Pathology De-
partment and examined by a senior, board-certified

Figure 1. Patient flow diagram.

Häggman et al. 3



uropathologist with extensive experience of PCa pathology
(AD).

Statistical methods

MRI images were stratified into groups according to PI-
RADS in “2–3” and “4–5.” For statistical analysis, Chi-
squared 2 test with 95% confidence interval were used.

Cross tables were made comparing the number of in-
dividuals with no PCa for comparison of the groups and
different GS detected by systematic biopsy and fusion bi-
opsy. Sign test (exact binomial tests) was used to test if the
number of detected PCa differed between standard biopsy
and fusion biopsy and if the number of individuals with
GS ≥ 7 differed between standard biopsy and fusion biopsy.

A comparison of GS for individuals with detected PCa at
standard biopsy was done using the sign test.

Cross tables comparing PI-RADS score with GS from
standard biopsy and GS from fusion biopsy were produced.
The Spearman rank correlation between PI-RADS and GS
for standard biopsy and fusion biopsy were assessed.

Results

In group A, out of 220 patients with previous negative
systematic biopsy, fusion biopsy diagnosed PCa in 124
(56%). In group B, among the 203 patients with previous
low risk PCa after systematic biopsy, fusion biopsy detected
cancer in 158 patients (78%) (Tables 1 and 2). The median
number of ROI was 21–3 for all 423 patients and the median
number of Fusion guided biopsy cores was 5. Out of 423
patients, clinically significant (GS≥ 7, ISUP≥2) PCa was
detected in 190 (45%) patients (Table 2).

In group A, fusion biopsy detected intermediary risk
(ISUP 2-3) PCa in 56 patients and high risk (ISUP 4-5) PCa
in 34 patients. In group B, 62 patients were re-classified
after fusion biopsy as intermediary risk (ISUP 2-3) and eight
patients as high-risk cancer (ISUP 4-5). Among 27 patients
initially diagnosed with intermediary risk cancer (ISUP 2-3)
after systematic biopsy, eight patients were re-classified
after fusion biopsy as high risk (ISUP 4-5) (Table 2).
Upgrading in GS after fusion biopsy occurred in 202 cases,
158 were in concordance with systematic biopsies. In 63
cases after fusion biopsy the GSwas downgraded (p < .001),
(Table 3).

In total, 51 patients were classified as PI-RADS 2 and
underwent fusion biopsy. These patients were included in
the initial phase of the study, when our experience was
limited, and during that phase all PI-RADS 2-5 lesions were
targeted with fusion biopsy. It was soon realized that the
diagnostic yield of PI-RADS two lesion was limited, as
noted elsewhere in clinical practice. Since the mentioned PI-
RADS 2 cases fulfilled the inclusion criteria we decided to

include them in the analysis of the 423 consecutive cases.
Those patients had an average PSA of 10.6 ng/mL (range 3–
54) which does not differ from the total material. Seventeen
(33%) of 51 patients had a previous PCa-diagnosis after
systematic biopsies, 11 patients (22%) with GS 6 (ISUP 1),
and six patients (12%) with GS 7-8 (ISUP 2-4). Fusion
biopsies revealed PCa in nine patients (18%), of which 5
(10%) had GS 6 (ISUP1), 3 (6%) had GS 7 (ISUP2-3), and
one (2%) had GS 8 (ISUP4) (Tables 4 and 5).

One hundred and thirty-three patients were classified as
PI-RADS 3. For 59 (44%) of them PCa was diagnosed by
systematic biopsy, with GS 6 (ISUP1) for 46 (35%) patients,
GS 7a (ISUP2) for 12 (9%) and GS 8 (ISUP4) for 1. After
fusion biopsies PCa was found in 74 (56%) patients, of
which 31 (42%) had GS 6 (ISUP1), 33 (45%) had GS 7a
(ISUP2) and 9 (12%) GS 7b (ISUP3), and one with GS 8
(ISUP 4) (Tables 4 and 5).

One hundred and seventy patients were classified as PI-
RADS 4. Previous systematic biopsies had shown PCa, in
93 (55%) of patients: 62 (36%) with GS 6 (ISUP1), 26
(15%) with GS 7a (ISUP2), and 5 (3%) with GS 7b (ISUP3).
After fusion-biopsies PCa was found in 132 (77%) patients:
47 (28%) had GS 6 (ISUP1), 56 (33%) had GS 7a (ISUP2),
18 (11%) had GS 7b (ISUP3), 10 (6%) had GS 8 (ISUP4),
and 1 had GS 9 (ISUP5). Two patients had no specified GS
due to Finasteride treatment.

Sixty-nine patients were classified as PIRADS 5 and 34
(49%) of them had prior PCa-diagnosis after systematic
biopsies: 29 (42%) with GS 6 (ISUP1), 5 (7%) with GS 7a
(ISUP2). After fusion biopsies PCa was found in 67 pa-
tients: 9 (13%) with GS 6 (ISUP1), 33 (48%) with GS 7a
(ISUP2) and 17 with GS 7b (24%) (ISUP3), 8 (12%) with
GS 8 (ISUP4) (Tables 4 and 5).

In group A, out of 220 cases, 34 (15%) were upgraded
from no cancer to low risk and 90 (41%) to intermediate/
high risk cancer by repeat fusion-guided biopsy. In group B,
out of 203 cases, 70 (34%) changed from low risk to
intermediate/high risk cancer. Thus, in total 160 cases had
their risk group upgraded, possibly to be subjected to cu-
rative treatment (Table 6).

Among all patients who were included in this study
bpMRI revealed 228 (54%) patients with anterior tumors

Table 1. Baseline characteristics. Number of patients with
undetected and detected prostate cancer in standard biopsy versus
fusion biopsy.

Standard biopsy

Fusion biopsy
Sign test

No PCa PCa Tot p-value

No PCa 96 124 220 <.001
PCa 45 158 203
Total 141 282 423

N = 423.
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and 195 (46%) patients with posteriorly located tumors.
Anterior tumors were larger than posterior tumors. The
average anterior and posterior tumor diameter on MRI was
1.8 cm (SD = 0.69) and 1.0 cm (SD = 0.48), respectively.
The difference was mainly due to there being few large
posterior tumors. (Figure 2). In group A, 146 patients (66%)
had anterior tumors on bpMRI. Of those, 102 (70%) patients
had cancer, whereof 78 patients (53%) had intermediate/
high risk cancer at fusion biopsy. In group B, bpMRI re-
vealed 82 (40%) patients with anteriorly located tumor. Of
those, 54 (66%) were upgraded to intermediate/high risk
cancer at fusion biopsy. In 10 patients with anterior tumors
when systematic biopsies diagnosed GS 3+3 (ISUP 1) in
insignificant amounts (less than 3 mm of cancer), fusion
biopsy failed to find cancer. These patients remain on active
monitoring. In another 44 patients with anterior tumors,
both systematic and TRUS/fusion biopsy were negative,
and these patients were not further investigated (Table 7).

Discussion

Our main findings in this study, analyzing our results after
implementing bpMRI-TRUS fusion biopsies at our institution
in February 2015, is that bpMRI-TRUS fusion biopsies show
superior detection rate and grading than systematic 10–12
core biopsies, fusion guided biopsy detects more significant
cancers despite using fewer cores, the risk groupwas changed
for many patients from active surveillance to upgrading of
tumors and better detecting of anterior tumors in patients with
suspected prostate cancer. These results are comparable to
previously published reports.

Prostate cancer (Gleason score ≥6) was detected by fusion
biopsy in 67% of the patients in our cohort, and thus bpMRI
and our Artemis TM software augmentedmethod is feasible in
clinical practice. Histopathological upgrading and new cancers
diagnosed by repeat fusion biopsy after systematic biopsies
had substantial impact on risk categories in our material. The
management of patients was influenced by the repeat fusion
biopsies in 160/423 (38%) of the cases. In group A, 90 (41%)
had intermediate/high risk cancer diagnosed and were con-
sidered for curative treatment. In group B, 70 (34%) patients
were upgraded and fulfilled the criteria for curative treatment.

MRI has an increasingly important role in PCa diag-
nostics and is recommended in men with previously neg-
ative TRUS biopsy. In some national guidelines MRI is now
recommended prior to biopsy.24 The optimal biopsy method
after MRI is under discussion. Wegelin et al.25 showed in a
systematic review that In-bore versus MRI/TRUS-guided
fusion versus Cognitive Fusion that none of these tech-
niques were able to demonstrate significant differences
between fusion biopsy and cognitive biopsy on overall
cancer and clinically significant cancer detection. The
PROMIS study was performed to test the diagnostic ac-
curacy of mpMRI and systematic TRUS biopsy against
template mapping biopsy in biopsy-naive patients. Upfront
mpMRI would exclude 27% of cases from primary biopsy
and reduce overdiagnosis of clinically insignificant PCa,
while diagnosing more cases of clinically significant PCa.26

In our study, all patients who were already diagnosed with
significant posterior tumors on systematic biopsy before-
hand were not eligible.

We have chosen to use bpMRI instead of mpMRI, the
latter being more time consuming and expensive than
bpMRI. Use of gadolinium contrast exposes patients to
further risks, for example, allergic reactions, risk of NSF
(nephrogenic systemic fibrosis), and depositions in the
brain.27–29

It has been demonstrated that the sensitivity of bpMRI in
the detection of PCa is similar to that of mpMRI and some
investigators have found that Dynamic contrast enhance-
ment could potentially increase the false positive rate.30,31

Woo et al.32 conclude that bpMRI has equal diagnostic

Table 3. A comparison of severity obtained using systematic
biopsy versus fusion biopsy. Tested using a sign test. (Severity
ordered as No PCa, GS 6, GS 7a, GS 7b, GS 8, and GS 9).

Comparison of severity from biopsy Sign test

Higher in standard Equal Higher i fusion p-value

63 158 202 <.001

N = 423.

Table 2. Gleason score in systematic biopsy compared to Gleason score in fusion biopsy.

Systematic biopsy

Fusion biopsy

No PCa Gleason 6 Gleason 7a Gleason 7b Gleason 8 Gleason 9

No PCa 96 (23%) 34 (8%) 56 (13%) 23 (5%) 10 (2%) 1
Gleason 6 35 (8%) 43 (10%) 47 (11%) 15 (4%) 8 (2%) 0
Gleason 7a 9 (2%) 12 (3%) 19 (4%) 6 (1%) 2 0
Gleason 7b 1 3 1 0 0 0
Gleason 8 0 0 0 2 0 0

N = 423.
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performance to mpMRI for the detection of PCa. The con-
sensus among experienced prostate radiologists in the ESUR
prostate working group is that experienced radiologists who
work closely with urologists and receive continuous feedback
perform equally well on mpMRI or bpMRI.

The cancer detection rate increased with increasing PI-
RADS score. We identified 184 patients with PI-RADS 2-3.
Among these we found 83 (45%) patients with positive
fusion guided biopsies of which 36 (20%) patients were
diagnosed with GS 6 (ISUP 1). It has been shown in other
studies that PI-RADS two lesions most likely do not rep-
resent clinically significant PCa.33 Therefore, later during
the study, we chose PI-RADS 3 as cut-off. Seventeen (33%)
of the 51 cases with PI-RADS two lesions had prior positive
systematic biopsies. Fusion guided biopsy revealed fewer
cancers, nine (18%) than the systematic biopsies. This
important observation made us discontinue biopsying PI-
RADS two lesions for the remainder of the study period.

However, for reasons mentioned previously, we decided not
to exclude the initial 51 PI-RADS 2 cases. The fusion
technique reduced the number of biopsies done on patients
who had low-grade PCa, thus increasing the detection of the
intermediate and high-risk subgroups of patients compared
to traditional modalities.34 Our study shows the same
results.

Targeted biopsy yielded a significantly higher positive
rate for biopsy cores, andmore importantly, more significant
PCa was detected.34–36 Our observation is in line with
previous observations that repeat fusion guided biopsy
gives a higher yield of positive biopsies, and higher pro-
portion of tumor infiltration in each core, compared to repeat
systematic biopsies.34,37 The lesser number of cores needed
for fusion guided biopsy decreases the risk of biopsy related
complications.

The location of the tumor within the prostate has a
significant impact on the diagnostic yield of systematic

Table 6. Possible changes in management of PCa as caused by repeat fusion biopsy upgrading. Change in risk group from low to
intermediate will greatly influenced treatment decisions.

No PCa
Low risk PCa
(ISUP 1)

Intermediate/High
risk PCa (ISUP 2–5)

220 (Group A) 34 (15%)
220 (Group A) 90 (41%)
203 (Group B) 70 (34%)

N = 423.

Table 4. PIRADS score versus Gleason score using systematic biopsy. Spearman rank correlation: 0.103.

PIRADS

Systematic biopsy

No PCa Gleason 6 Gleason 7a Gleason 7b Gleason 8 Total PCa

2 34 (8%) 11 (3%) 5 (1%) 0 1 17
3 74 (17%) 46 (11%) 12 (3%) 0 1 59
4 77 (18%) 62 (15%) 26 (6%) 5 (1%) 0 93
5 35 (8%) 29 (7%) 5 (1%) 0 0 34
Total 220 148 48 5 2 203

N = 423.

Table 5. PIRADS score versus Gleason score using fusion biopsy. Spearman rank correlation: 0.488.

PIRADS

Fusion biopsy

No PCa Gleason 6 Gleason 7a Gleason 7b Gleason 8 Gleason 9 Total PCa

2 42 (10%) 5 (1%) 1 2 1 0 9
3 59 (14%) 31 (7%) 33 (8%) 9 (2%) 1 0 74
4 38 (9%) 47 (11%) 56 (13%) 18 (4%) 10 (2%) 1 132
5 2 9 (2%) 33 (8%) 17 (4%) 8 (2%) 0 67
Total 141 92 123 46 20 1 282

N = 423.
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10-12 core biopsies. These cores predominantly sample the
posterior part of the gland and thus there is a risk of missing
significant lesions in the anterior parts.12,38,39 MRI can
identify anterior lesions and fusion-guided targeted biopsy
will diagnose cancer in a significant number of lesions as
shown in our study. Most of the tumors in our study were
located anteriorly (54%). In this cohort of repeat biopsied
patients, posterior intermediate/high-risk tumors are not
present, since they were previously sufficiently diagnosed
by systematic biopsy. Thus, the proportion of anterior tu-
mors in our study is apparently higher than studies on
biopsy-naive patients. Of 228 patients with anterior tumors,
systematic biopsy revealed 82 (36%) patients with cancer.
Fifty-four out of those (66%) were upgraded after MRI/
TRUS-guided biopsy to intermediate/high risk cancer.
These patients were later considered for curative therapy.

Urologists diagnosing PCa are aware of tumor hetero-
geneity and the importance of adequate sampling to ap-
propriately assess the aggressiveness of the cancer. By
utilizing a targeted approach to PCa detection, more tissue
can be sampled from the lesions of interest as opposed to
systematic biopsies, which would also sample benign or
clinically insignificant lesions. Several studies have shown
the benefit of utilizing MRI/TRUS fusion guided prostate
biopsy in the diagnosis of PCa.9,40 Siddiqui et al. evaluated
1003 men undergoing both MRI/TRUS targeted biopsy and
systematic biopsy. They showed that MR/TRUS fusion
biopsy was associated with increased detection of high-risk
PCa. Patients with PI-RADS 2-3 were mostly associated
with detection of low-risk PCa. The same study demon-
strated MR/TRUS fusion biopsy to better predict final
pathology on subsequent radical prostatectomy.41

Table 7. Gleason scores in anterior tumors.

Fusion biopsy Previously negative systematic biopsy

Previously low risk systematic
biopsy

GS 3+3 GS 3+4

No PCa 44 10 0 54 (22%)
GS 3+3 24 18 0 42 (18%)
GS 3+4 (7a) 39 35 5 79 (35%)
GS 4+3 (7b) 23 8 2 33 (14%)
GS ≥ 8 16 4 0 20 (9%)

146 75 7 228

N = 228.

Figure 2. MRI images (ADC, DWI, T2) and corresponding histopathological whole-mount slide of radical proctectomy specimen.
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There are several weaknesses in our study. It is a ret-
rospective study with known weaknesses. In some of the
patients, detailed information regarding the number of
previous biopsies was insufficient. There was no control
group of patients who received a full multiparametric MRI
protocol. The study was performed from all our first
432 MR/TRUS fusion biopsies which also include our
initial patients with a natural learning curve. At the start, we
chose to also biopsy PIRADS two changes which were
stopped after 6 months when we felt more confident in our
judgment. These initial biopsied PIRADS two changes are
included in the material. As a tertial referral center, 45%
(N = 190) of the MR examinations were done outside our
institution and though all examinations were judged to
fulfilled quality criteria it is of importance to bear in mind
that the MR examinations are from several different
institutions.

The higher rate of significant PCa in MRI/TRUS fusion
guided biopsies supports primary MRI- fusion guided bi-
opsy omitting systematic biopsies. This strategy is also
supported by Rastinehad9 and Rouviere in a randomized
trial.13

In conclusion, bpMRI/TRUS fusion guided repeat bi-
opsy, both for primary diagnosis and follow-up biopsies in
patients with small amounts of PCa on systematic biopsy
significantly increases diagnostic yields particularly in
anterior tumors. BpMRI/TRUS fusion guided biopsies
provide better basis for therapeutic decisions compared to
systematic biopsies.
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