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Bi-parametric MRI/TRUS fusion targeted repeat
biopsy after systematic 10-12 core TRUS-guided
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Abstract

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

Methods
All patients who underwent fusion guided biopsy between February 2015 to February 2017 were included.
Four hundred twenty-three consecutive men, with previous systematic10-12-core TRUS-guided biopsy,
with suspicion of or low-risk prostate cancer underwent fusion-guided prostate biopsy. The material was
retrospectively assessed. In 220 cases no previous cancer was diagnosed and in 203 cases con�rmatory
fusion guided biopsy was performed prior to active monitoring. MRI was done and classi�ed according to
PI-RADS. Region of Interest (ROI) was marked. Systematic biopsy was compared to fusion guided biopsy
for detection of cancer, as well as PI-RADS was compared to Gleason score.

Results
Fusion guided biopsy detected signi�cantly more cancers than systematic (p < 0.001). Gleason scores
were higher in the fusion biopsy group (p < 0,001). PI-RADS score correlated with the presence of cancer
in fusion biopsies. PI-RADS 2 yielded 19% cancer and PI-RADS 3 56%, PI-RADS 4–5 were cancerous in
83%. Only 3 out of 53 biopsies from PI-RADS 2 lesions showed high grade cancer (Gleason score 4 + 3
and higher) compared to 10/133 (7,5%) from PI-RADS 3 lesions and 54/239 (23%) from PI-RADS 4–5.

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 signi�cant cancers
despite using fewer cores. There is signi�cant impact on known cases of low-risk PCa with change of risk
group for many patients initially selected for active surveillance.

Introduction
Despite that 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 veri�cation of
signi�cant and potentially lethal PCa, at the same time excluding insigni�cant PCa poses a clinical
problem.
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It is well known that PSA testing and subsequent 10–12 core systematic biopsy leads to both
overdiagnosis of clinical insigni�cant cancer and a risk to miss signi�cant cancer 2. The systematic
biopsies generally sample the dorsal part of the prostate. Even if 60–70% of tumours are in the peripheral
zone 3–5, a substantial number will be at risk to be missed. Signi�cant number of cases with negative
systematic biopsies are later shown to harbour PCa and many PCa diagnosed by systematic biopsy are
inaccurately graded leading to repeat biopsies. Each biopsy occasion may also lead to complications. In
Sweden 6% of patients are treated with antibiotics for urinary tract infections after prostate biopsies and
cases with resistant bacteria become increasingly common 6.

MRI plays a crucial role to identify men with a high likelihood of clinically signi�cant PCa who require
immediate biopsy. Multiparametric MRI (mpMRI) has been shown to be a valuable tool to achieve a more
accurate biopsy sampling 7. It has also been shown that mpMRI may avoid diagnosing insigni�cant
cancer, which prevents unnecessary biopsies, possibly minimizing the side effects 8–10. Since 20% of
the tumours are in anterior part of prostate 11, targeted biopsies can diagnose those lesions in the
prostate that are not diagnosed with systematic biopsies 12. However, it has been shown that targeted
biopsies can also miss signi�cant cancer in some cases and the sensitivity of this method needs
improvement before it can replace systematic biopsies 13. A recent randomized study has shown a clear
superiority of fusion-guided mpMRI/TRUS biopsies over standard TRUS-guided biopsy 14.

The added value of DCE MRI in combination with T2-weighted imaging and DWI is controversial 15. 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 signi�cant tumours. In PI-RADS v2,
the role of DCE is minor limited to potentially upgrading a PI-RADS 3 lesion in the PZ to PI-RADS 4 16.

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 detection of clinically signi�cant PCa 17.

Since, software for fusion by computer processing was developed, in form of rigid and subsequently
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 due to patient movement or the
introduction of the TRUS probe 18. Elastic registration, however, aims to compensate for this deformation
and it is therefore expected to be more accurate than rigid image registration 19–21. Nevertheless, in
studies of men on 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 22.

The aims of this study were to evaluate our early clinical experience with bpMRI/TRUS fusion guided
biopsy and secondly to evaluate if repeat MRI/TRUS fusion guided biopsy yields more signi�cant PCa as
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compared to initial standard TRUS-guided biopsy as well as improving diagnosis tumours in various
locations.

Material And Methods
Study design and participants

Inclusion criteria for this retrospective study were men with suspicion of PCa (elevated PSA or palpable
tumor at rectal examination), or patients who already were diagnosed with PCa, but with at least one set
of systematic biopsies, being considered for active monitoring or patients with strong suspicion of more
malignant tumor due to discordance between the PSA level and Gleason score (GS) in systematic
biopsies.

Between February 2015 to February 2017, 423 consecutive men, aged 39-78, median 66 with mean PSA
14,3 (SD 1,9-63) who had been evaluated for elevated serum PSA and/or other clinical �ndings arousing
suspicion of PCa were included. All had been subjected to at least one set systematic biopsies, underwent
repeat fusion-guided biopsy. Data about age, MRI re-evaluation according to PI-RADS v. 2.0, PSA-value,
clinical T-stage, use of 5-alfa-reductase-inhibitor, number of fusion-biopsies and histopathological results
were collected.

All together 220 men had no known PCa prior to fusion biopsy, all of them had undergone 1-5 sets of
prior negative 10-12 core standard biopsies. Two hundred and three men had low-risk PCa (Gleason score
5-6 or ISUP 1) in their prior biopsies and were candidates for active surveillance of their PCa.

Patients were selected for fusion biopsy according to the following criteria:

clinical suspicion of PCa (persistent elevated PSA, palpable tumor) but no evidence of PCa after
standard TRUS-biopies or

clinical suspicion of more serious PCa requiring treatment (elevated PSA-level, palpable tumor, highly
suspect MRI) but only GS 6 (ISUP 1) or minimal amount of GS 7 (ISUP 2) after standard TRUS-
biopsies.

Patients and public involvement:

The study was designed to improve the diagnosis of prostate cancer in the interest of the patients.

The patients were not speci�cally involved in the design of the study. They were asked to participate and
signed an informed consent. However, our patients were not involved in the conduct, analysis of data or
writing the manuscript in other ways.

We will also involve the Swedish Prostate Cancer Patients Union, for possible comments in their
newsletter “Prostatanytt.
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MRI assessment

All patients underwent MRI following the European Society of Urogenital Radiology (ESUR) guidelines; T2
weighted (axial, coronal and sagittal), T1 with large �eld of view, ADC and high trace value (b1000-2000
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 outside hospitals (45 %)
underwent 1,5 (75%) or 3T MRI (25%). All patients ful�l examination quality criteria, assigned PI-RADS
classi�cation according to PI-RADS v. 2.0. One or more regions of Interest (ROI) were delineated guided by
PI-RADS criteria. No patients required repeat imaging. All patients had a complete set of images although
artifacts from air in the rectum, hip implants or movement in several cases caused suboptimal image
quality most often in diffusion weighted images.

It has been shown in other studies that PI-RADS 2 lesions most likely do not represent clinically
signi�cant PCa and therefore, later during the study, we chose PI-RADS 3 as cut-off.

Systematic biopsy

One to �ve sets of systematic 10-12 core TRUS guided side �re biopsies were done” free hand” i.e with
hand-held TRUS probe., by various physicians at our and at referring centers.

Fusion biopsy

We performed the fusion biopsy with the Artemis device (Artemis; Eigen, Grass Valley, CA), which allows
biopsy site tracking in ultrasound and fusion of real-time ultrasound with MRI, in conjunction with B&K
ultrasonography probe 8818 in end-�re mode. With the Artemis device the position of the US probe is
tracked by angle-sensing devices (encoders) built into each joint of the 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 were obtained from 1-3 ROI’s in all cases. All fusion biopsies were
performed by two experienced urologists. Biopsies were processed as per standard protocol at our
Pathology Department and examined by board-certi�ed uropathologists.

One hundred of the 423 patient subsequently underwent robot-assisted radical prostatectomy at our
institution and thus had readily available whole-mount sections of the excised prostate for
histopathologic evaluation. For this article only, the position of the ROI’s vs the location of the biopsied
tumor in the specimen was evaluated, other features in the operative specimens will be evaluated and
reported in a later publication.

Statistical methods

The accuracy of TRUS-guided biopsy versus bpMRI/TRUS fusion targeted biopsy in diagnosing PCa (GS
≥ 6) was evaluated.



Page 7/14

 MRI images were strati�ed into groups according to PI-RADS in “2-3” and “4-5”. For statistical analysis,
Chi-squared 2 test with 95 % con�dence interval was used.

Cross tables were made comparing the number of individuals with no PCa and different GS detected by
standard biopsy and fusion biopsy. Sign test’s (exact binomial tests) was used to test if the number of
detected PCa differ between standard biopsy and fusion biopsy and if the number of individuals with GS
≥ 7 differ between standard biopsy and fusion biopsy.

A comparison of severity for individuals with detected PCa at standard biopsy was done. Here the
number of individuals with higher GS in the standard biopsy was compared with the number of
individuals with higher GS fusion biopsy. This has also been tested using a sign test.

Cross tables comparing PI-RADS score with GS from standard biopsy and GS from fusion biopsy have
been created. The Spearman rank correlation between PI-RADS and GS for standard biopsy and for
fusion biopsy has been calculated.

Results
Out of 220 patients with previous negative on systematic biopsy, fusion biopsy diagnosed PCa in 124.
Among the 203 patients with previous low risk PCa after systematic biopsy, fusion biopsy detected
cancer in 158 patients (“Table 1 and 2”). The median number of ROI were 2 (1-3) and the median number
of Fusion guided biopsy were 5 (3-7 biopsies). Out of 423 patients, clinically signi�cant (GS≥ 7) PCa was
detected in 190 (45%) patients.

Among 220 patients with previous negative �ndings at systematic biopsy, fusion biopsy detected
intermediary risk (ISUP 2-3) PCa in 56 patients and high risk (ISUP 4-5) PCa in 34 patients. Among those
203 patients who were initially diagnosed with low risk cancer after systematic biopsy, 62 patients were
re-classi�ed after fusion biopsy as intermediary risk (ISUP 2-3) and 8 patients as high-risk cancer (ISUP 4-
5). Among 27 patients who were initially diagnosed with intermediary risk cancer (ISUP 2-3) after
standard biopsy, 8 patients were re-classi�ed after fusion biopsy as high risk (ISUP 4-5) (“Table 3”).
Upgrading in GS after fusion biopsy occurred in 202 cases, 158 were in concordance and in 63 cases
after fusion biopsy the GS were downgraded (p 0.001), (“Table 4”).

In total, 51 patients were classi�ed as PI-RADS 2. Seventeen of them had a previous PCa-diagnosis after
standard biopsies, 11 patients (22%) with GS 6 (ISUP 1), and 6 patients (12%) with GS 7-8 (ISUP 2-4).
Fusion biopsies revealed PCa in 10 patients, of which 5 had GS 6 (ISUP1), 3 had GS 7 (ISUP2-3) and one
had GS 8 (ISUP4).

One hundred thirty-three patients were classi�ed as PI-RADS 3. In 59 (44%) of them PCa was diagnosed
by standard biopsy, with GS 6 (ISUP1) in 46 (35%), GS 7a (ISUP2) in 12 (9%) and GS 8 (ISUP4) in 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).
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One hundred seventy patients were classi�ed as PI-RADS 4. Previous standard 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 142 (84%) 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 one had GS 9 (ISUP5).
Two patients had no speci�ed GS because 5ARI-treatment.

Thirty-one patients were classi�ed as PIRADS 5 and 12 (32%) of them had prior PCa-diagnosis after
standard biopsies: 9 (29%) GS 6 (ISUP1), 2 (6%) GS 7a (ISUP2) and one with GS 7b (ISUP3). After fusion
biopsies PCa was found in 30 patients: 5 (17%) GS 6 (ISUP1), 13 (43%) GS 7a (ISUP2) and 4 with GS 7b
(ISUP3), 1 (3%) GS 8 (ISUP4), 7 (23%) GS 9 (ISUP5) (“Tables 5 and 6”). In one patient no cancer was
either detected after fusion biopsies.

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. Out of 203 cases, 70 (34%) went from low risk to
intermediate/high risk cancer. Thus, 160 cases had their risk group changed to possibly be subjected to
curative treatment.

Among all patients who were included in this study MRI/TRUS fusion guided biopsy revealed 228 (54%)
patients with ventral tumors and 195 (46%) patients with dorsally located tumors. Of 203 patients who
were preliminary diagnosed with standard biopsy, MRI revealed 45 (20%) patients with ventral tumors and
30 (15,4%) patients with dorsally located tumors.  Of 45 patients with ventral low risk cancer MRI/TRUS
guided biopsy revealed signi�cant aggressive cancer in 37 (82%) of patients. Of 30 patients with dorsally
located low risk cancer MRI/TRUS guided biopsy revealed 21 (70%) patients with signi�cant aggressive
cancer.  In 35 patients were systematic biopsies diagnosed GS 3+3 (ISUP 1) in insigni�cant amounts
(less than 3 mm of cancer), fusion biopsy failed to �nd the tumor. These patients remain at active
monitoring.

Discussion
Prostate cancer (Gleason score ≥ 6) was detected by fusion biopsy in 66% of the patients in our selected
cohort. Almost all biopsies were considered representative showing that our novel local reference
augmented method is feasible in clinical practice. Upgrading and new cancers diagnosed by repeat
fusion biopsy after systematic biopsies had substantial impact on risk categories in our material. In 51%
of all cases the management of patients was in�uenced. In 113 cases with no cancer after systematic
biopsies, 71 had cancer diagnosed and half of those 113 were considered for curative treatment. In 91
patients with previously diagnosed low risk cancers 36% ful�lled the criteria for curative treatment.

MRI plays an increasingly important role in PCa diagnostics and is recommended in men with previously
negative TRUS biopsy. In some national guidelines is now recommended prior to biopsy 23. The optimal
biopsy method after MRI is under discussion. Wegelin et al showed in a systematic review that none of
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these techniques were able to demonstrate signi�cant differences between fusion biopsy and cognitive
biopsy on overall cancer and clinically signi�cant cancer detection 24.

In our study we chose to use bpMRI instead of mpMRI because of several reasons.

MpMRI is both time consuming and it is more expensive than bpMRI and it also has been shown that
gadolinium can form depositions in the brain 25–27. In view of these �ndings, it seems to be advisable to
reconsider the necessity of DCE.

It has been demonstrated that the sensitivity of bpMRI at 3T in the detection of PCa is similar to that of
mpMRI and some investigators have found that DCE could potentially add to the false positive 28,29. Kuhl
et al. showed that bpMRI missed 1 out of 139 clinically signi�cant cancer while mpMRI misclassi�ed 11
cases as false positive 28. Woo et al. reported a pooled sensitivity of 0.74 and a speci�city of 0.90 for
bpMRI and a pooled sensitivity of 0.76 and a speci�city of 0.89 for mpMRI. Therefore, the authors
conclude that bpMRI has the same diagnostic performance as mpMRI for the detection of PCa 30.

The cancer detection rate increased with increasing PI-RADS. Our radiologists identi�ed 73 patients with
PI-RADS 2–3. Among these we found 37 patients with positive biopsies of which 15 patients were
diagnosed with GS 6 (ISUP 1). It has been shown in other studies that PI-RADS 2 lesions most likely do
not represent clinically signi�cant PCa and therefore 31, later during the study, we chose PI-RADS 3 as cut-
off. The fusion technique was shown to reduce the number of biopsies done on patients that have low-
grade PCa, reducing the overall diagnoses of low-grade PCa, and increasing the detection of the
intermediate and high-risk subgroups of patients compared to traditional modalities 32. Our study shows
the same results.

Targeted biopsy yielded a signi�cantly higher positivity rate for biopsy cores, and thus required
signi�cantly fewer cores to detect PCa and more importantly, signi�cant PCa 9,32,33. Our observation is in
line with previous observations that repeat fusion guided biopsy gives a better higher yield of positive
biopsies and better tumour in�ltration of each core compared to repeat systematic biopsies 32,34. The
lesser number of cores needed for fusion guided biopsy decreases the risk of biopsy related
complications.

The location of the tumour within the prostate has a signi�cant impact on the diagnostic yield of
standard 10–12 core biopsies. These sample predominantly the dorsal part of the gland and thus there is
a risk of missing signi�cant lesions in the anterior parts 10,12. MRI can identify those lesions and fusion-
guided targeted biopsy will diagnose a signi�cant number of them as shown in our study, further
supporting the e�cacy of the method. Most of the tumours were located anteriorly (54%). Of these 228
patients with anteriorly tumours, standard biopsy revealed only 45 (20%) patients of whom 82% were
after MRI/TRUS guided biopsy upgraded to more signi�cant cancer who also later went for curative
therapy. These �ndings further corroborate the e�cacy of fusion guided biopsies. This demands further
systematic study beyond the scope of this paper.
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Urologists diagnosing PCa are aware of tumour heterogeneity and the importance of adequate sampling
to appropriately assess the aggressiveness of the tumour. By utilizing a targeted approach to PCa
detection, more tissue can be sampled from the lesions of interest as opposed to random biopsies, which
would sample benign or clinically insigni�cant lesions. Several studies have shown the bene�t of utilizing
MRI/TRUS fusion guided prostate biopsy in the diagnosis of PCa 7,35. Siddiqui and colleagues evaluated
1003 men undergoing both MRI/TRUS targeted biopsy and standard biopsy. They showed that MR/TRUS
fusion biopsy was associated with increased detection of high-risk PCa and decreased detection of low-
risk PCa. The same study demonstrated MR/TRUS fusion biopsy to better predict �nal pathology on
subsequent radical prostatectomy 36.

Some weaknesses of our study should be mentioned. Due to inexperience for both radiologist and
urologist the respective learning curves should be considered. Twenty-�ve early cases of the 423 were not
adequately PI-RADS-classi�ed which also could be due to radiologist learning curve. Since the
classi�cation was used anyway for biopsies, taken on an intention-to-to treat/biopsy basis, we decided
against having a central review of all cases. The retrospective design should be acknowledged. Since our
department receive referred patients from other hospitals the quality of MRI might vary. For the same
reason the information regarding the number of previous biopsies was insu�cient in some cases. There
is no control group of patients who received a full multiparametric MRI protocol.

The much higher rate of signi�cant PCa in MRI/TRUS fusion guided biopsies as well as the �ndings in
the recent randomized trial 9 poses on argument for primary fusion guided biopsy, omitting systematic
biopsies.

Conclusion
MRI/TRUS fusion guided repeat biopsy, both for primary diagnosis and follow-up biopsies signi�cantly
increases diagnostic yields after systematic 10–12 core biopsy particularly in anterior tumours. A
signi�cant upgrading or newly diagnosed cases between standard 10–12 core and MRI/TRUS fusion
guided biopsies provides better basis for therapeutic decisions.
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