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Abstract

There is growing evidence that MRI-ultrasound (MR-US)-targeted biopsy (TB) has high detection rates of clinically sig-
nificant prostate cancer (PCa) compared to standard transrectal ultrasound (TRUS)-guided biopsy. A radiologist plays a
significant role in MR-US fusion biopsy planning. Here, we discuss six simple steps that can help set up a successful MR-US

fusion biopsy program in collaboration with the urologist.
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Introduction

The utilization of prostate MRI has increased dramatically
in the last several years due in part to international efforts to
standardize the acquisition and reporting of prostate MRIs
between centers [1, 2]. The primary goals of prostate mul-
tiparametric MRI (mpMRI) with targeted biopsy are two-
fold: (1) to detect clinically significant prostate cancer (PCa),
and (2) to avoid over-diagnosis and subsequent over treat-
ment of non-clinically significant PCa.

There is now a growing body of high-quality evidence
that MRI-ultrasound (MR-US)-targeted biopsy (TB) has
high detection rates of clinically significant PCa compared to
standard transrectal ultrasound (TRUS)-guided biopsy [3, 4].
The American Urologic Association (AUA) and the Society
of Abdominal Radiology (SAR) have issued a Joint State-
ment recommending prostate MRI and subsequent biopsy
for men with suspicion of prostate cancer who have a nega-
tive prior systematic standard biopsy [5]. The National Com-
prehensive Cancer Network (NCCN) currently recommends
consideration of mpMRI followed by a targeted biopsy based
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on the MRI results in a patient with high clinical suspicion
of prostate cancer with a prior negative prostate biopsy [6].
NCCN guidelines V2.2019 on prostate cancer early detec-
tion also allows for a provider to consider MRI-targeted
biopsy instead of standard 12-core TRUS biopsies at base-
line evaluation in centers with experience and expertise in
MR interpretation and targeting [7].

MRI-targeted biopsy methods include cognitive fusion
biopsy (CFB), software-based fusion biopsy and In-bore MR
targeted biopsy.

Radiologists have an increasingly important role to assist
in MRI-targeted biopsy and to work closely with urolo-
gists. Here, we describe six steps to establish a successful
MR-US fusion biopsy program, focusing on software-based
fusion. Step 1: identify and evaluate an MR-US fusion
biopsy system that works between Urology and Radiol-
ogy. Step 2: develop a multidisciplinary approach to patient
scheduling for prostate MRI by radiology and subsequent
biopsy with urology. Step 3: implement a standardized
mpMRI protocol and PI-RADS version 2.1 MRI reporting
template. Step 4: work closely with the urologist to ensure
appropriate post-processing and review of cases prior to
biopsy. Step 5: create a database of MR-US fusion biopsy
cases that allows for follow-up of targeted lesion pathology.
Step 6: implement a quality improvement process for evalu-
ation of mpMRI image quality and reporting by radiology
as well as MRI-US fusion biopsy results by urology. These
steps are discussed in more detail below and summarized
in an example case (Figs. 1, 2, and 3).
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Fig. 1 A 69-year-old with PSA of 10 ng/ml and TRUS Biopsy show-
ing Gleason 3 + 4 = 7 cancer on the right. Multi-parametric MRI
(mpMRI) was performed due to rising PSA. mpMRI demonstrates a
PI-RADS 5 lesion in the right posterior peripheral zone in the base

of the gland (arrow) on axial T2-weighted small FOV (a), Diffusion-
weighted image with b value of 1400 (b) with apparent diffusion
coefficient map (c), and dynamic contrast-enhanced T1-weighted
sequences (d)

Fig.2 Shows segmentation of the prostate gland (a) and seg-
mentation of a PI-RADS 5 lesion in the right posterior peripheral
zone in the base of the gland in axial (b) and coronal (¢) planes on

Step 1: MR-US fusion biopsy system selection

A targeted biopsy can be performed with or without
specialized fusion software [8, 9]. Cognitive fusion

@ Springer

T2-weighted sequences using MIM Symphony Dx™ commercially
available software for targeted MR-US fusion biopsy planning

is performed by the urologist who reviews MR images
then directs targeted biopsies to zones deemed suspi-
cious by mpMRI using ultrasound guidance. Software-
based MR-US fusion is performed with the aid of spe-
cialized software that digitally superimposes segmented
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Fig.3 Shows a MR-TRUS fusion image obtained at the time of tar-
geted biopsy of the segmented right posterior peripheral zone lesion.
Pathology of the targeted biopsy specimen showed Gleason score 9 =
4 + 5 cancer

lesions from the MRI onto real-time ultrasound data at
the time of biopsy. There are several commercially avail-
able MR-US imaging fusion systems for targeted prostate
biopsy: including Uronav, Artemis, Urostation, Biojet,
MIM, Logiq 9, Fusion Bx [10]. Each software package
pairs with specific biopsy hardware and is vendor-spe-
cific. The selection of an MR-US fusion biopsy system
should be done in consensus with radiology and urology
departments. Several factors can influence the decision
including cost, compatibility of the software with current
ultrasound-guided biopsy machines in urology and specific
preferences related to post-processing software and ultra-
sound- guided biopsy device use.

Step 2: coordinated patient scheduling in radiology
and urology

Through coordinated efforts, it is possible to set up a pro-
gram that allows for image acquisition, rapid reporting,
and processing of the mpMRI followed by biopsy the same
day.

Current reimbursement for 3D post-processing is pos-
sible using the ICD 10 CPT/HCPCS codes 76376 and
76377, group 1 R93.49 (Abnormal radiologic findings on
diagnostic imaging of other urinary organs). It is important
to note that medical necessity must be documented on the
MRI examination request by provider and post-processing
by radiologist must be done on the day of interpretation,
prior to finalization of the report.

Step 3: standardized mpMRI protocol and MRI
reporting

High quality mpMRI of the prostate and correct reporting of
MRI findings are key components of an MRI-targeted biopsy
program. PI-RADSvV2 guidelines [2] help standardize the
mpMRI protocol for prostate and aid radiologists with qual-
ity control among various MRI scanners within and across
different institutions.

Inter-observer variability in PI-RADS assessment has
been reported even among experienced abdominal radiolo-
gists [11, 12]. There is a learning curve with interpretation
of prostate MRI, therefore, we suggest all reading radiolo-
gists be trained with PI-RADS guidelines and assessment
categories to minimize variability in MRI interpretation.

To provide consistency in MRI reporting and to improve
communication of abnormal MRI findings to referring
providers, we utilize a standardized PI-RADS version 2.1
reporting structure which allows for documentation of
peripheral zone and transition zone lesion characteristics on
T2-weighted, DWI/ADC, and post-dynamic-contrast images
as well as image number for lesion location on T2 and ADC
series with an overall PI-RADS category assignment. This
allows for improved comparison between prior scans, stand-
ardization of reporting style, as well as contouring of pros-
tatic lesions. In addition, this facilitates referring provider
identification of abnormalities and lesions from the MRI
reports. Also, saving relevant MRI images with markups
can greatly aid the performance of cognitive fusion biopsy.
Finally direct communication and review of the MRI find-
ings with the urologist may be necessary in complex cases
to select the targets for fusion biopsy.

Step 4: post-processing for MRI-TRUS fusion biopsy
planning

In order to minimize workflow interruptions and to expedite
post-processing, MR-US fusion software should be loaded
directly onto radiology workstations and all radiologists
reading prostate MRI ideally should be trained on how to
use biopsy fusion software for post-processing and export-
ing of MRI data to urology. In our practice, the interpreting
radiologist performs the post-processing at the time of MRI
reporting. The radiologist contours the prostate gland and
lesions with PI-RADS category > 2 using vendor-specific
segmentation software. Typically, segmentation is done uti-
lizing T2 weighted images. Several systems also allow for
fusion of T2 weighted images and ADC maps to improve
accuracy of lesion contouring. In addition, we find marking
a fiduciary target like the membranous urethra can aid in
fusion alignment for the urologist.

It is also important to communicate directly with the
urologist performing the biopsy in complex cases to select
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the sites and number of the targets for fusion biopsy. This
includes a review of post-processed images with urologists
to verify lesion location on MRI and segmented lesions on
software fused images, as well as discussion of other find-
ings on the MRI such as extracapsular extension, seminal
vesicle invasion or equivocal lesions, especially lesions in
the transition zone.

From a urology perspective, at the time of biopsy, the
MRI data are fused to the TRUS imaging data to align the
MRI and TRUS prostate segmentations. Real-time fusion of
MRI data to TRUS images are vendor specific and achieved
via electromagnetic positioning devices on the TRUS probe,
an articulated semi-automated robotic arm that tracks the
motion of the ultrasound probe relative to the MRI, or a
handheld 3D ultrasound probe for targeted biopsy.

MR-US biopsy system error is dependent in part on MRI-
US image registration error and irregular tumor shape and is
estimated to be approximately 3 mm [13-15]. Based on mul-
tiple studies, it is recommended to obtain at least two cores
from each MRI target, especially, if the lesion is large or
irregular [5, 16-18]. However, the clinical yield may vary by
biopsy technique [19, 20]. To maximize clinically significant
cancer detection, a standard 10 or 12-core systematic biopsy
is generally also performed, although the data supporting
this are mixed [21, 22]. There is a learning curve in MR-US
fusion targeted biopsy procedure, improvements in accuracy
can be achieved with greater experience [23].

Step 5: MRI-US fusion biopsy database

Separate labeling of systematic and MRI-targeted cores for
pathologic analysis during the biopsy allows for tracking
of pathologic data obtained following targeted biopsy as
well as procedural and MRI interpretation quality control.
Some vendors provide add-ons to aid in lesion tracking.
These databases supply an excellent resource for research
projects, image interpretation feedback, and assessment of
the MR-US fusion technique.

Step 6: multidisciplinary review

Finally, a multidisciplinary review group should be estab-
lished to discuss clinically significant disease identified
only on concurrent systematic biopsy and for discordant
PI-RADS 4 or 5 lesions with benign pathology to deter-
mine appropriate clinical follow-up or repeat biopsy in these
cases.

These sessions are important for image interpretation
feedback and improvement in the MRI-US fusion biopsy
technique. Also, they provide a forum for discussion of dis-
cordant cases, the determination of appropriate follow-up
and ways to monitor the MR-US fusion biopsy program.
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Conclusion

In summary, there is increasing interest in MR-US fusion
targeted biopsy for the diagnosis of clinically significant
prostate cancer. Establishing a successful program where
radiology works closely with urology optimizes clinical
workflow and improves patient access to this important
modality.
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